Module 5 — PLC & VFD Integration
Modbus RTU Communication with VFDs
MODULE 5 · LESSON 1
Advanced Motor Control & Drives Mastery — Book 3 of the Electrical Series
 
	FIELD NOTE
Why this lesson matters: Module 1, Lesson 4 covered the RS485 terminals physically. This lesson covers what actually flows across that wire — the register map that lets a PLC read a drive's status and write commands to it, and the scaling traps that cause "communication looks fine but the numbers are wrong" problems.


 
1. How Modbus RTU Addressing Works
	Concept
	Practical Meaning

	Slave/Device Address
	A unique number (1-247 typically) identifying each drive on the RS485 network — must be unique per network, set via drive parameter or DIP switch

	Function Code
	Defines the operation: e.g., Read Holding Registers (03), Write Single Register (06), Write Multiple Registers (16) — the PLC program specifies which function code for each request

	Register Address
	A numbered memory location in the drive holding a specific piece of data (speed reference, status word, fault code, etc.) — defined by the drive manufacturer's Modbus map document

	Register Value
	A 16-bit integer (0-65535, or -32768 to 32767 if signed) — the raw number transferred; scaling (see below) converts it to an engineering value


 
 
	COMMON MISTAKE
Field mistake seen often: Register addresses in a drive's documentation are sometimes listed as "40001-based" (Modicon convention) while the PLC's Modbus master expects "0-based" addressing — off-by-one register errors are extremely common and show up as reading/writing the wrong parameter entirely, not as an obvious communication failure.


 
2. Common VFD Register Types — Click to Explore
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3. Scaling — The Most Common Integration Bug
Modbus registers are raw integers. A speed reference of "50.0 Hz" might be transmitted as the integer 500 (scaled ×10) or 5000 (scaled ×100) depending entirely on the drive manufacturer's documented scaling factor. Use the calculator below to check your scaling assumption.
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	GOOD PRACTICE
Field practice that prevents scaling bugs: Before writing PLC logic, write one register manually from a Modbus test tool or the PLC's programming software, then check the drive's actual displayed value (on its keypad or HMI) to confirm the scale factor matches documentation — don't trust the manual alone until verified against real drive behavior once.


 
4. Common Integration Mistakes
Mistake 1 — Off-by-one register addressing
Confusing Modicon-style 40001-based addressing with 0-based addressing used by some PLC Modbus masters causes requests to hit the wrong register. Always verify against a known register (e.g., read the drive's status word and confirm it matches what the drive's own display shows) before trusting the full map.
Mistake 2 — Ignoring signed vs. unsigned register interpretation
A register meant to represent torque or current in both directions (e.g., regenerating vs. motoring) may use signed 16-bit representation. Reading it as unsigned turns small negative values into large positive numbers (e.g., -1 reads as 65535) — a classic "why is my torque reading enormous" bug.
Mistake 3 — Writing to a register the drive only allows changes to while stopped
Some parameters (motor data, certain control mode settings) can only be written while the drive is stopped and not faulted. A write that silently fails (or returns an exception code the PLC program doesn't check) leaves the PLC believing a change was made when it wasn't.
Knowledge Check
1. A drive's documentation lists a register as "40010" but the PLC Modbus master uses 0-based addressing. What should you check?
•  Nothing — the numbers always match directly
✓  Whether you need to subtract an offset (commonly 40001, giving register 9) to get the correct 0-based address for your master
•  Whether the drive supports Modbus at all
2. A torque reading register occasionally shows an enormous value (e.g., 65,400) instead of a small negative number. What's the likely cause?
•  A wiring fault on the RS485 line
✓  The register is signed, but the PLC program is interpreting it as unsigned
•  The drive's scale factor needs to be increased
3. What's a reliable way to confirm a register's actual scale factor before building full PLC logic around it?
•  Trust the manual exactly as printed with no verification
✓  Write a test value manually and compare against the drive's own displayed value on its keypad/HMI
•  Assume ×10 scaling always, since it's most common
 
PLC Logic for Speed Reference, Start/Stop & Fault Handling
MODULE 5 · LESSON 2
Advanced Motor Control & Drives Mastery — Book 3 of the Electrical Series
 
	FIELD NOTE
Why this lesson matters: Lesson 1 gave you the registers. This lesson is the actual PLC-side logic pattern for using them safely — building a control word bit by bit, the start/stop handshake sequence, and how to handle faults without leaving the PLC and drive in disagreement about what state the drive is actually in.


 
1. Building a Control Word — Interactive
Click each bit to toggle it and see the resulting 16-bit control word value, using a common (PROFIdrive-style) bit layout as an example — always confirm the actual bit map against your specific drive's documentation.
Bit 70Fault ResetBit 60Setpoint LockBit 50Ramp UnlockBit 40Enable RampBit 30Enable OpBit 20No Quick StopBit 10No CoastBit 00ON Control Word (decimal): 0 Hex: 0x0000 | Binary: 00000000
	Bit
	Common Function
	Field Note

	0
	ON / Run enable
	Usually must be set alongside other bits per a defined state machine — rarely works as a single bit in isolation

	1
	No Coast Stop (inverted stop)
	Often active-low logic (0 = coast stop) — verify polarity carefully, this is a common source of "it won't start" confusion

	2
	No Quick Stop (inverted)
	Similarly often active-low — check documentation rather than assuming

	3
	Enable Operation
	Final enable bit that actually allows the drive to energize the output and run

	7
	Fault Reset
	Typically needs a rising edge (0→1 transition), not just holding it high — pulse this bit rather than latching it


 
 
	COMMON MISTAKE
Field mistake seen often: A PLC program holds the Fault Reset bit permanently high "to make sure faults always clear automatically." This exactly mirrors the Module 1, Lesson 4 mistake of hardwiring a fault reset terminal closed — it auto-clears real faults and hides a developing problem instead of surfacing it.


 
2. Start/Stop Handshake Sequence
A robust PLC program doesn't just "write Run=1 and hope" — it follows the drive's actual state machine.
1Read Status Word. Confirm the drive reports "Ready to Switch On" before attempting to command a run — commanding run on a faulted or not-ready drive typically does nothing but leaves the PLC guessing why.
2Write Control Word to request "Switch On." This is often a distinct state from "Run" in drives following a formal state machine — the drive moves to a "Ready to Operate" state.
3Confirm status via Status Word, then write "Enable Operation." Only now does the drive actually energize the motor and begin following the speed reference.
4Continuously monitor Status Word during run. Watch for Fault, Warning, or unexpected "Not Ready" bits rather than assuming the drive stays in the commanded state indefinitely.
5On fault, read the Fault Code register (Lesson 1) before resetting. Log or display it, then pulse the Fault Reset bit — never reset blindly without capturing what happened first.
 
	GOOD PRACTICE
Field practice that prevents "stuck" states: Always include a PLC-side timeout on each handshake step — if the drive doesn't reach the expected status within a reasonable time (e.g., 2-3 seconds), raise a communication/sequence alarm rather than letting the PLC logic sit waiting indefinitely with no operator visibility into why nothing is happening.


 
3. Common PLC Logic Mistakes
Mistake 1 — Writing Run=1 without checking Status Word first
Skipping the ready-state check means a faulted or not-configured drive silently ignores the run command, and the PLC has no way to distinguish "drive is running" from "drive ignored my command" without reading status back.
Mistake 2 — Holding Fault Reset permanently high
As with hardwired fault reset terminals (Module 1, Lesson
	

	

		
		
		
		
		

	

Module 6 — Economics & Decision-Making
Energy Savings Calculations: VFD vs. Soft Start vs. DOL
MODULE 6 · LESSON 1
Advanced Motor Control & Drives Mastery — Book 3 of the Electrical Series
 
	FIELD NOTE
Why this lesson matters: "Install a VFD to save energy" is often true, but the size of the saving depends entirely on the load type and how it was controlled before. This lesson gives you the actual math — the affinity laws — so you can put a real number on a proposal instead of a vague "it'll save energy" claim.


 
1. The Affinity Laws — Interactive
For centrifugal fans and pumps, flow varies linearly with speed, but power varies with the cube of speed. This is the entire reason VFD speed control saves so much more energy than throttling a damper or valve on a fixed-speed motor.
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	Affinity Law
	Relationship

	Flow vs. Speed
	Flow is directly proportional to speed — 80% speed ≈ 80% flow

	Pressure/Head vs. Speed
	Pressure/head is proportional to speed squared — 80% speed ≈ 64% pressure

	Power vs. Speed
	Power is proportional to speed cubed — 80% speed ≈ 51% power. This is the headline number for energy savings.


 
 
	COMMON MISTAKE
Field mistake seen often: A savings estimate is built assuming the load runs at reduced speed 100% of the time, when in reality the process demands full flow during peak periods. Overstating the time spent at reduced speed inflates the projected savings and undermines the credibility of the whole proposal when actual energy bills don't match.


 
2. Field Energy Savings Calculator
Compare a VFD running at reduced speed against a damper/valve-throttled DOL motor running at full speed for the same flow reduction.
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	GOOD PRACTICE
Field practice for credible savings estimates: Base hours-at-reduced-flow on actual historical process data (trend logs, SCADA history) rather than an assumed "typical" duty cycle. A savings case built on real operating data survives scrutiny; one built on assumptions gets picked apart in the first budget review.


 
3. Common Mistakes
Mistake 1 — Applying the cube law to a constant-torque load
The cube power law applies specifically to centrifugal fans and pumps (variable-torque loads). A constant-torque load (conveyor, positive-displacement pump) doesn't follow this relationship — power there is roughly proportional to speed directly, not its cube. Using the wrong law for the wrong load type dramatically overstates expected VFD savings on constant-torque applications.
Mistake 2 — Ignoring existing control method in the baseline
Savings from adding a VFD depend heavily on what it's replacing. Replacing a damper- throttled DOL fan captures large cube-law savings; replacing a system that already runs mostly at full speed with little throttling captures much less — the "before" case matters as much as the "after."
Mistake 3 — Overstating hours spent at reduced speed/flow
As shown in the mistake box above, an optimistic assumption about how often the process actually runs at reduced demand inflates projected savings. Use real operating data wherever available.
Knowledge Check
1. A centrifugal pump runs at 80% speed instead of 100%. Approximately what percentage of full-speed power does it draw?
•  80%
✓  About 51% (0.8³ ≈ 0.51)
•  64%
2. Does the cube power law apply to a conveyor (constant-torque load) the same way it applies to a centrifugal fan?
•  Yes, the cube law applies to all motor-driven loads equally
✓  No — constant-torque loads follow a roughly linear power-vs-speed relationship, not the cube law
•  No, constant-torque loads follow a squared relationship instead
3. Why does the "before" control method (e.g., damper-throttled DOL vs. already-efficient control) matter when estimating VFD energy savings?
•  It doesn't matter — VFD savings are a fixed percentage regardless of baseline
✓  The size of the saving depends on how wasteful the previous control method was — replacing a damper-throttled system captures much more savings than replacing an already-efficient one
•  It only matters for motors above 100kW
 
Total Cost of Ownership & Payback Period
MODULE 6 · LESSON 2
Advanced Motor Control & Drives Mastery — Book 3 of the Electrical Series
 
	FIELD NOTE
Why this lesson matters: Lesson 1 gave you the energy savings number. That number alone doesn't justify a purchase decision — it has to be weighed against upfront cost, installation, and ongoing maintenance to get a real payback period. This is the calculation that turns an energy-savings estimate into an actual business case.


 
1. What Belongs in Total Cost of Ownership — Click to Explore
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	COMMON MISTAKE
Field mistake seen often: A VFD proposal compares only the purchase price of the drive against the do-nothing option, omitting installation labor, panel modifications, commissioning time, and the training needs from Module 5. The "surprise" costs that show up during the project erode confidence in future proposals even when the underlying energy case was sound.


 
2. Payback Period Calculator
[image: OEBPS/images/image0105.jpg] 
Diagram
3. Reading the Payback Number Correctly
	Payback Period
	Typical Interpretation

	Under 2 years
	Strong case, usually easy to justify even with conservative assumptions

	2-4 years
	Reasonable case for most industrial capital projects, especially if the equipment's service life comfortably exceeds this

	4-7 years
	Requires more scrutiny — verify assumptions carefully (Lesson 1's hours-at-reduced-flow caveat matters even more here) and consider whether the equipment will still be in service long enough to realize the full payback

	Over 7 years
	Energy savings alone may not justify the project — look for other drivers (reduced maintenance, process improvement, extended equipment life) that might change the case


 
4. Common Mistakes
Mistake 1 — Comparing only purchase price, omitting installation and commissioning
Installation labor, panel modifications, cabling (Module 1), and commissioning time (across every module in this book) are real costs that belong in the total, not just the equipment line item on a quote.
Mistake 2 — Ignoring increased maintenance complexity in ongoing costs
A VFD or soft starter often needs different (not necessarily more, but different) maintenance skills and spare parts than a simple contactor — factor this into the ongoing cost side, not just the energy savings side.
Mistake 3 — Not accounting for equipment service life vs. payback period
A payback period close to or exceeding the equipment's realistic service life means the project may never actually pay for itself in practice, even though the annual savings number looked attractive on paper.
Knowledge Check
1. Why should installation and commissioning costs be included alongside equipment purchase price in a payback calculation?
•  They shouldn't — only equipment price matters for payback
✓  They are real upfront costs of the project and omitting them understates the true payback period
•  Installation costs are always negligible compared to equipment cost
2. A project has a calculated payback period of 9 years, but the equipment's realistic service life is 7 years. What does this suggest?
•  The project is automatically a good investment regardless
✓  The project may never fully pay for itself within the equipment's useful life on energy savings alone
•  Service life has no bearing on payback period calculations
3. Why should additional ongoing maintenance cost be factored into a TCO calculation, not just energy savings?
•  Maintenance costs are always zero for VFDs and soft starters
✓  Different equipment may require different maintenance skills/parts, and this ongoing cost can offset some of the energy savings
•  Maintenance cost only matters for equipment under warranty
 
	Book Complete
2 lessons: affinity-law energy savings calculations, and total cost of ownership with payback period analysis.
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Status Word: The drive's equivalent readback — bits indicating Ready, Running, Faulted, At Speed, and similar

states, mirroring much of what the relay outputs from Module 1, Lesson 4 provide, but readable over the network
instead of requiring individual wired points.
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At 40% speed: 40% flow, but only 6.4% power — a 93.6% power reduction for a 60% flow reduction.





OEBPS/images/image0083.jpg
Control Word Status Word Speed/Frequency Reference Actual Speed Feedback Fault Code Register

Control Word: A single 16-bit register where individual bits act as command flags — typically including Run/Stop,
Forward/Reverse, Fault Reset, and sometimes control mode select. The bit layout is manufacturer-specific (though

many follow a PROFIdrive-style convention) — always check the specific drive's documented bit map rather than
assuming a standard layout applies universally.
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Ongoing Maintenance: Spare parts holding, different skill requirements, and potentially different maintenance

intervals compared to the equipment being replaced. Can be higher or lower than the baseline depending on what's
being replaced — evaluate rather than assume.
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Training & Familiarization: Time for operators and maintenance staff to become comfortable with new fault

indications, parameters, or HMI elements (Module 2, Lesson 3's retrofit lesson touches on this directly) — often
overlooked but real in terms of productivity during the transition.
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Installation & Commissioning: Panel modifications, cabling per Module 1's wiring requirements,

electrician/technician labor, and the commissioning time covered across every module of this book. On smaller
projects, this can rival or exceed the equipment cost itself.
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Equipment Purchase Price: The most visible cost and usually the only one on an initial quote — the drive, starter,
or servo system itself. Necessary but rarely the whole picture.
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Drive's documented scale factor x10 v

Calculate Register Value to Send

Register value to write: 500
This assumes the drive's documented scale factor is x10 (i.e., register value + 10 = engineering value). Always verify against the specific drive

model's Modbus manual — scale factors vary between manufacturers and even between register types on the same drive.
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Motor rated power (kW) 30
Required flow reduction target (% of full flow) 70
Hours per year at this reduced flow 4000

Electricity cost (per kWh, your currency) (.12

Calculate Annual Savings

Estimated power draw at 70% flow:
VFD (speed-controlled): ~10.3 kW
DOL/damper-throttled (still near full power): ~30.0 kW

Estimated annual energy saved: ~78,840 kWh
Estimated annual cost saved: ~9,461 (in your entered currency unit)

This applies the cube-law relationship for centrifugal fan/pump loads only (see Mistake 1 above) and assumes the DOL case is damper/valve-

throttled rather than already running efficiently. Verify hours-at-reduced-flow against real operating data before presenting this figure.
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Fault Code Register: Reports the drive's current fault code as a numeric value, cross-referenced against the
manufacturer's fault code table (Module 1, Lesson 6) so the PLC/SCADA can display a meaningful message rather
than just 'Drive Fault.'
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At 100% speed: 100% flow, but only 100.0% power — a 0.0% power reduction for a 0% flow reduction.
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At 79% speed: 79% flow, but only 49.3% power — a 50.7% power reduction for a 21% flow reduction.
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Actual Speed Feedback: A read-only register reporting the drive's actual output frequency or motor speed —

useful for PLC-side monitoring, trending, and confirming the drive has actually reached the commanded reference,
not just accepted the command.
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Speed/Frequency Reference: A writable register the PLC uses to command the drive's target speed, typically

scaled (see the scaling section below) rather than sent as a raw floating-point value, since Modbus registers are 16-
bit integers.
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At 61% speed: 61% flow, but only 22.7% power — a 77.3% power reduction for a 39% flow reduction.
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Equipment purchase cost 12000
Installation & commissioning cost 4000

Additional annual maintenance cost (vs. baseline) 300

Calculate Payback Period

Total upfront cost: 16,000
Net annual benefit (savings minus added maintenance): 8,200 per year
Payback period: ~2.0 years

Net $

Years
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Installation Downtime Cost: The value of production time lost during the changeover itself — sometimes the
single largest hidden cost on a retrofit project, especially if the changeover takes longer than planned.





