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• Electrical Engineering – Red Book

• 2nd English Edition

• Mechanical and Metal Trades - Blue Book

• 3rd English Edition
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Ultrasonic Sensor Integration
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Operating voltage 15 to 30 V DC
Intrinsic current 

consumption

80 mA

Output analog
Output function 0 to 10 V or 4 to 20 mA
Scanning range 135 to 1000 mm
Protection class: IP67

In the future, the fill level in the collecting bin should be processed using analog technology.

The following values are known for the analog ultrasonic sensor -B3 used.

Since wire-break protection is required, you have to set the corresponding analog input of your PLC 

correctly in the hardware configuration.

1. Which output function of the sensor do you use if you want to detect a wire break? (2 points)

2. Your PLC has the following address ranges available for 8 analog inputs. The sensor is 

connected to analog input 3. Which byte addresses do you have to use to process the value in the 

program? (4 points)

Subassembly Input address

AI8 752 to 767

3. What data type do you configure in a PLC so it can be processed? (2 points)

4. Why are optocouplers frequently used in automation devices for input and output modules? 

(2 points)
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Ultrasonic Sensor Integration – Part 1
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• What’s important to take note of?

• Output function possibilities (0-10V or 4-20mA) and requiring a wire break.

• Why should you know this?

• We will all integrate transducers and sensors into PLC projects.

• Steps to Solve

• 1. There is a brief description of wire breaks on page 360 of the Red Book. However, I think this a logic question.

• If you want to detect that your sensor output wires have been disconnected or broken, you need to have a way to 

detect it at the PLC input.

• If your output wires were broken on a 0-10V signal, what would you read on the PLC?

• 0V. Same as if you were at your lowest range of the analog signal.

• If your output wires were broken on the 4-20mA signal, what would you read?

• 0mA. Or less than 4mA, which is the lowest range of the output signal.
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Ultrasonic Sensor Integration – Part 2
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• What’s important to take note of?

• We have 8 analog inputs, numbered 752 to 767. This is 16 bytes.

• Why should you know this?

• Understanding how the analog addresses are used in a PLC system.

• Steps to Solve

• 1. Just from the information given, you know that the analog inputs are two bytes long.

• 2. Understand that PLCs typically count from 0 to 7 for 8 inputs. Knowing that, the answer is 

• Input 0 : 752-753

• Input 1 : 754-755

• Input 2 : 756-757

• Input 3 : 758-759
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Ultrasonic Sensor Integration – Part 3
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• What’s important to take note of?

• We are using a 2-byte length input. 

• Why should you know this?

• Understanding how the analog addresses are used in a PLC system.

• Steps to Solve

• 1. Page 365 has a table that defines the length of a Word, which is two bytes. We would also take INT since that can 
be 16 bits, as well.
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Ultrasonic Sensor Integration – Part 4
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• What’s important to take note of?

• The reasoning for using an optocoupler.

• Why should you know this?

• To be able to understand how the system is protected against stray voltages.

• Steps to Solve

• 1. Page 361 of the Red Book

• “It separates galvanically the control circuit from the load circuit, even in the case of different supply voltages.”
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Ampacity and Loop Impedance
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The power supply line to the control cabinet of the system needs to be implemented with the H07RN-F 5G4 line and routed 
in an electrical cable duct. The ambient temperature is 30 °C.

1. How large is the current-carrying capacity I (in A) of the line, taking into account the type of routing? (4 points)

2. The power supply line of the control cabinet is routed in the electrical cable duct along with six other three-phase 

lines. How large is the actual current-carrying capacity I z (in A) of the power supply line? (3 points)

3. What value is the loop impedance Zloop in the TN-S system (3/N/PE, 400/230 V, 50 Hz) not allowed to exceed so 

that a circuit breaker of Type C 10 A reliably trips in case of a short circuit? (3 points)
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Ampacity and Loop Impedance – Part 1
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• What’s important to take note of?

• The question is asking you to consider the wire type, wire diameter or cross-section, ambient temperature, and 
routing location. 

• Why should you know this?

• Circuit breakers are used to limit the amount of heat on a conductor so that there is no fire risk. Properly rating your 
conductors will save you from a thermal event.

• Steps to Solve

• 1. Most important for Ampacity is conductor cross-section. Page 441 of Red Book. 

• H07RN-F 5G4 is a 450/700V rated cable that is rubber insulated with 5 flexible conductors w/ground that are 4mm2

• 2. Mounting type. Page 166 of Red Book.

• Electrical cable duct is a closed channel and the example is a cable, not a wire so it is B2.

• 3. Ampacity at 30 degrees C ambient. Page 168 of Red Book

• We have 3 current-carrying conductors since it is a 5 conductor with neutral and ground. Table shows 27A.
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Ampacity and Loop Impedance – Part 2
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• What’s important to take note of?

• The question is asking you to consider your previous answer and derate the ampacity due to other heat-generating 
cables.

• Why should you know this?

• So you can understand sizing and numbering of cable ducts.

• Steps to Solve

• 1. Previous answer was 27A.

• 2. Methods of cable installation on page 169 of Red Book.

• Multi-conductor cables in a cable duct are method M5.

• 3. Correction factor for group of lines on page 170 of Red Book.

• We have more than 6 but not 8 three-phase circuits.

• Use the number from 6 since it is not 8, which is 0.57.

• 4. Formula for correction factor is on page 162 of the Red Book. Formula #3.

• Iz = Ir * f1

• 27 A * 0.57 = 14.58 A
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Ampacity and Loop Impedance – Part 3
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• What’s important to take note of?

• The type of grounding system (TN-S), the maximum possible amperage and type of the Circuit Breaker, and single-
phase voltage to ground.

• Why should you know this?

• For initial power-on of devices, you should understand how the impedance and sizing of cables is done. Calculation is 
based upon the HIGHEST possible current in the system.

• Steps to Solve

• Fault protection by Automatic Disconnection from the Power Supply on page 213 of Red Book.

• We know the grounding system is correct on this page, we need to look in the chart for the max allowed amperage 

of a Type C 10A circuit breaker, and we know the single-phase voltage to ground. 

• Consider the Type C Circuit Breaker tripping range from page 173 of the Red Book.

• It can trip as high as 10 times the rated current according to the chart, so we need to use 100 A.

• Formula 4 is impedance of the fault loop calculation when knowing voltage & max current of the overcurrent device.

• ZL = U0 / It

• ZL = 230 V / 100 A = 2.3 Ω
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Grounding Network Comparisons
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