
Process Control Calibration Made 

Easy with Agilent U1401A 

Application Note

This application note explains how the Agilent U1401A with simultaneous 

source and measure functions eases technicians’ calibration tasks in industrial 

process control applications.
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Figure1. Chemical water treatment plant block diagram
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Introduction In today’s world, the 4–20 mA current loop is a common method of transmitting 

sensor information to a remote location in industrial process-monitoring 

applications. Physical parameters such as temperature, pressure, speed, 

and liquid flow rates in the manufacturing processes are converted into 

signal current 4–20 mA with a signal conditioner.  The 4 mA current normally 

represents the sensor’s zero-level output, while the 20 mA represents the 

sensor’s full-scale output. However, transmitting a signal current over a long 

distance to another system with a different ground loop may cause serious 

signal disruption. Loop powered isolators will eliminate the ground loop in the 

control systems.

Figure 1 shows a chemical water treatment plant block diagram. The system is 

specifically designed to control introduction of chemicals based on calibrated 

flow rather than just pump speed. In this system, the flow meter frequency 

signal conditioner, loop power isolator, and pump signal conditioner need 

periodic calibration to the signal conditioner in order to provide precise and 

repeatable chemical addition automatically with the PLC (programmable logic 

controller). Square pulse, current, and voltage source are required during the 

system calibrations.
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A turbine flow meter is used to 

measure the chemical and water 

flow rate. As fluid flows through the 

meter, the turbine causes it to rotate 

at an angular velocity proportional to 

the flow rate. The pick-up coil senses 

the spinning motion of the rotor 

inside the pipe and converts it into 

a pulsating electrical signal. Thus, 

a precise square pulse is needed 

to calibrate the frequency signal 

conditioner. Thanks to the build-in 

square pulse generation functionality, 

no extra tool is required to generate a 

square wave source.

Frequency input signal conditioner calibration (square pulse source)

Figure 2. Calibrating turbine fl ow meter signal conditioner

Procedures to calibrate the transmitter

1. Disconnect the signal conditioner from the magnetic pickup.

2. Turn the U1401A rotary switch to square wave output mode and mA 

measure mode. See Figure 2.

3. Connect the signal conditioner’s output in series with a DC power supply 

(according to manufacturer specification) and monitor the U1401A output 

current. 

4. Connect the input of the signal conditioner to a U1401A source terminal 

for precision square pulse output.

5. The U1401A is now outputting a square pulse, and you can adjust the 

square wave frequency and amplitude of the square wave according to the 

manufacturer specification.

6. Set the input frequency to the low end of your range and adjust the zero 

control for the Iow-end output current to 4 mA. 

7. Increase the input frequency to full scale and adjust the span control for 

full-scale output (usually 20 mA). 

Adjustable frequency, 

amplitude, duty cycle, 

and pulse width
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Figure 3. Calibrating turbine fl ow meter signal conditioner

The U1401A’s simulation mode 

allows precise control of current 

output between 0 mA to 20 mA 

with an external power supply. This 

connection can be used for any 

loop voltage from 12 V to 30 V. This 

feature is ideal for loop powered 

isolator calibration.  

Note: Always use the yellow test lead 

for mA simulation mode.

Loop powered isolator calibration (current source)

Procedures to calibrate the transmitter

1. Disconnect the loop powered isolator, and connect the mA output 

simulation terminal to a DC power supply of 24 V (according to signal 

conditioner manufacturer specification). 

2. Turn the rotary switch to mA output and measure current positions.

3. Connect the special yellow test lead from the positive output terminal of 

the U1401A to the positive terminal of the measurement device on the 

current loop. 

4. Connect the negative terminal of the loop powered isolator to the 

computer output microfilm (COM) terminal of the loop source.

5. Connect the positive output terminal of the instrument to the positive 

terminal of the current loop source. Make sure the polarity is correct.

6. Set the current level of the calibrator to 4 mA and test the output current. 

7. Connect the loop powered isolated output to the current measurement 

terminal of the U1401A. See Figure 3.

8. Adjust the zero control on the isolator for a reading of 4 mA on the output 

meter. 

9. Step the input current to 20 mA, and then adjust the span control on the 

isolator to read 20 mA on the output meter connected to the isolator.

10. Repeat step 8 and check the linearity of the loop isolator according to the 

table below.

Simulation 

Current

Output Current Percentage of 4–20mA

4 mA 4 mA 0 %

8 mA 8 mA 25 %

12 mA 12 mA 50 %

16 mA 16 mA 75 %

20 mA 20 mA 100 %

Loop powered isolator
Simulate 4–20 mA 

input to loop powered 

isolator with external 

power supply Isolated 

output

Zero
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Typically, voltage source functionality 

is not offered in the same product 

category. Competitors use current 

shunt as an alternative. Precision 

voltage source generation with 

current shunt is limited in its voltage 

range. Figure 4 shows an example of 

precision voltage sourcing for proper 

calibration in a motor-pump status 

control application.

Voltage input signal conditioner calibration (voltage source)

Figure 4. Calibrating turbine fl ow meter signal conditioner

Procedures to calibrate the transmitter

1. Disconnect the signal conditioner from the motor pump.

2. Turn the U1401A rotary switch to voltage source output mode and mA 

measure mode.

3. Connect the signal conditioner’s output in series with a DC power supply 

(according to manufacturer specification), and monitor the current output 

with the current measurement terminal in the U1401A.

4. Connect the signal conditioner input to a U1401A source terminal for 

precision voltage sourcing.

5. The U1401A is now outputting a voltage source according to the 

manufacturer specification.

6. Set the calibrator to the signal conditioner’s manufacturer stated minimum 

voltage and fine tune the zero control to monitor the output of 4 mA.

7. Increase the voltage to full scale and adjust the span control for full-scale 

output (usually 20 mA).

8. Once zero and span controls have been properly set, signal conditioner 

linearity may be verified using the procedure describe in steps 6 and 7. The 

procedure will check 0 %, 25 %, 50 %, 75 %, and span settings for signal 

conditioner linearity.

Agilent U1401A is a powerful multi-function process calibrator. With built-in 

simultaneous source and measure functionality. It helps you adapt to various 

applications in industrial process control calibration with just one tool. You can 

travel and test easily with one rugged, feature-packed tool.

Summary
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Remove all doubt

Our repair and calibration services 

will get your equipment back to you, 

performing like new, when prom-

ised. You will get full value out of 

your Agilent equipment through-

out its lifetime. Your equipment 

will be serviced by Agilent-trained 

technicians using the latest factory 

calibration procedures, automated 

repair diagnostics and genuine parts. 

You will always have the utmost 

confi dence in your measurements. 

For information regarding self 

maintenance of this product, please 

contact your Agilent offi ce.

Agilent offers a wide range of ad-

ditional expert test and measure-

ment services for your equipment, 

including initial start-up assistance, 

onsite education and training, as 

well as design, system integration, 

and project management. 

For more information on repair and 

calibration services, go to:

www.agilent.com/fi nd/removealldoubt

Agilent Email Updates

www.agilent.com/fi nd/emailupdates

Get the latest information on the 

products and applications you select.  

Agilent Direct

www.agilent.com/fi nd/agilentdirect

Quickly choose and use your test 

equipment solutions with confi dence.

Agilent
Open

www.agilent.com/fi nd/open

Agilent Open simplifi es the process

of connecting and programming

test systems to help engineers

design, validate and manufacture 

electronic products. Agilent offers

open connectivity for a broad range 

of system-ready instruments, open 

industry software, PC-standard I/O 

and global support, which are 

combined to more easily integrate 

test system development.

For more information on Agilent Technol-
ogies’ products, applications or services, 
please contact your local Agilent offi ce. 

The complete list is available at:

www.agilent.com/fi nd/contactus

Americas
Canada (877) 894-4414 
Latin America 305 269 7500
United States (800) 829-4444

Asia Pacifi c
Australia  1 800 629 485
China 800 810 0189
Hong Kong  800 938 693
India  1 800 112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia  1 800 888 848
Singapore  1 800 375 8100
Taiwan 0800 047 866
Thailand  1 800 226 008 

Europe & Middle East
Austria 01 36027 71571
Belgium  32 (0) 2 404 93 40 
Denmark 45 70 13 15 15
Finland 358 (0) 10 855 2100
France 0825 010 700*
 *0.125 €/minute

Germany 07031 464 6333
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 39 02 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55
Switzerland  0800 80 53 53
United Kingdom 44 (0) 118 9276201
Other European Countries: 
www.agilent.com/fi nd/contactus
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