INTERFACING TSI®
TRANSDUCERS WITH DATA
ACQUISITION BOARDS
APPLICATION NOTE TSI-123
This application note explains the requirements for interfacing TSI® transducers with data
acquisition boards and helps the user in setting up their system.

When interfacing the transducers to a data acquisition board fully differential input works the best.
This means that each channel has its own (+) input and (-) input. The (-) inputs are not grounded,
but are separate from ground.

Single-Ended Inputs

Single-ended input cards have only a (+) input. All the (-) inputs are connected to ground. These
single-ended input cards have only one advantage: they give you more input channels for less
money. This is because there is only one electronic switch for each channel (the (+) input).

Unless all of the sensors you attach to your data acquisition card are current loop powered, it is
difficult to wire a single-ended data acquisition card without introducing zero errors into the
measurement. (NOTE: TSI air velocity transducers cannot be loop powered because they require
too much current.) Figure 1 shows why the zero error occurs.

Figure 1: Ground Loop Causes Zero Error

Since the power supply and the data acquisition card are both grounded, there is a ground loop
which causes an error in the zero reading that the data acquisition card measures. This error cannot
be removed by re-zeroing the transducer, because the error will change when the power
requirements of the air velocity transducer change (when the wind blows). To solve this problem,
unground the power supply as in Figure 2.

Figure 2: Ungrounding the Power Supply

This will solve the problem until we add another transducer, and then another ground loop error is
created. See Figure 3. This ground loop error was created because the signal (-) wires of the two
transducers are connected together at the data acquisition card. The power supply currents of the
two transducers are flowing through the signal (-) wires, creating errors.

Figure 3: Ground Loop Errors with More Than One Transducer
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This problem can be solved by using two isolated power supplies, see Figure 4.

Figure 4: Two Power Supplies, Two Transducers

However, the case of the TSI Air Velocity transducer is made of metal and is also connected to the
air velocity 0V and signal (–) terminals. In order for the solution in Figure 4 to work, the only
ground connection must be at the data acquisition card. This means that the cases of both air
velocity transducers must remain also disconnected from ground. If both cases contact earth
ground, the ground loop will be completed through the cases, and the problem will return. If either
case contacts an earth ground, any current flowing in the building's grounding system will also
cause zero offset errors, and the problem will return.

As can be seen, this is very time consuming and expensive. The better solution is to use fully
differential inputs.
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Fully Differential Inputs
Using a fully differential data acquisition card is the best solution to this problem. Figure 5 shows
the schematic of this arrangement.

Figure 5: Fully Differential Inputs (2 Transducers)

Looking at the schematic, it can be seen that there are still error voltages at the inputs to the data
acquisition card, but since the errors are equal for the Signal (+) and Signal (–), the differential input
card will ignore them.
There are also two optional resistors connected from the Signal (–) terminals to ground on the data
acquisition card. These resistors do NOT effectively complete a ground loop. Their purpose is to
keep the air velocity transducer signals from floating with respect to the data acquisition card. As
long as the power supply is connected to ground or the air velocity transducers are connected to
ground, the resistors will not be needed.
If the air velocity transducers are not screwed into anything metal, and the ground connection at
the power supply is unreliable or broken, then that would allow the Signal (+) and the Signal (–)
terminals to float. This could cause the common mode input voltage range for the data acquisition
card to be exceeded, causing unreliable readings. If resistors of 10k ohm are connected from
Signal (–) to ground at the data acquisition card, they will prevent the Signal (+) and Signal (–)
inputs from floating.
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For 4-20 mA outputs
A fully differential input data acquisition card can also be used if the air velocity transducer is set
for 4-20 mA outputs. The 100 Ohm resistors turn the 4-20 mA input into 0.4 to 2.0 Volts. In that
case, the hookup is as in Figure 6.

Figure 6: Single-Ended Data Acquisition Card (4-20 mA)

It is also possible to use a single-ended input data acquisition card using 4-20 mA signals and not
have errors due to ground loops. See Figure 7.
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Figure 7: Fully Differential Data Acquisition Card (4-20 mA)

This is one way to use a single-ended input data acquisition card and not have zero problems with
the transducers. Why does this work? The transducers monitor the current flowing through the
100 Ohm resistors and correct it to be what it is suppose to be, regardless of any ground loops. This
correction is good, but not perfect. The zero errors should be unnoticeable, however.
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