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EMC Testing of Global Industrial Equipment 
A Comprehensive Engineering Guide to Design Verification, RF Troubleshooting, FCC Compliance, CE and 
UKCA Conformity, and International Market Access 

Engineering white paper | August 2026 | Prepared for public technical education 

Scope: mobile elevating work platforms, telehandlers, construction machinery, industrial robots, electrified 
machines, embedded controllers and their installed electronic systems. 

Publication note: Engineering examples are composites derived from practical troubleshooting themes; no 
confidential equipment identifiers, raw proprietary measurements, or customer-specific acceptance criteria 
are disclosed. Regulatory applicability must be confirmed for each product and destination. 

Executive Summary 
Electromagnetic compatibility is a systems-engineering discipline, not merely a chamber test. Industrial 
equipment combines high-current motors, switching power converters, long wiring harnesses, 
microcontrollers, CAN networks, radios, sensors, and safety-related functions. Compliance requires both 
controlled emissions and adequate immunity under realistic operating conditions. This paper integrates test 
planning, measurement techniques, failure analysis, corrective design, documentation, and international 
market access. 

An effective program starts with a product-specific regulatory assessment and an electromagnetic risk analysis. 
It progresses through component characterization, installation-level pre-compliance, full-machine verification, 
disciplined root-cause investigation, and a traceable technical file. Passing a single emissions scan, obtaining a 
supplier declaration, or certifying a radio module does not by itself establish whole-product compliance. 

1. EMC Fundamentals for Industrial Machinery 

1.1 Disturbance source, coupling path and victim 
An EMC failure requires an aggressor, a coupling mechanism and a susceptible receptor. Aggressors include 
inverter switching edges, brush motors, solenoids, DC/DC converters, clock harmonics, wireless transmitters 
and electrostatic discharge. Coupling occurs by radiation, capacitive or inductive near fields, shared 
impedance, cable common mode, conducted power paths and unintended antenna structures. Victims include 
sensor inputs, communication transceivers, processors, display interfaces, relays and safety-control logic. 

1.2 Differential and common-mode currents 
A balanced differential interface can tolerate substantial external noise while an asymmetric connector, 
untwisted splice or poor return path converts differential energy to common-mode current. Common-mode 
cable currents often dominate radiated emissions. A current probe and spectrum analyzer can identify suspect 
harness branches, but correlation with calibrated far-field limits must be established separately. 

1.3 Safety and performance criteria 
Functional criteria must be defined before exposure: permissible transient indications, recoverable 
communication interruptions, unacceptable motion, latent faults, diagnostic logging and safe-state behavior. 
Safety-critical equipment must not equate “no permanent damage” with acceptable immunity. ISO 13849, IEC 
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62061 or other functional-safety requirements may create additional validation obligations distinct from EMC 
conformity. 

2. Regulatory Landscape and Country-by-Country Strategy 
Regulatory rules are not globally interchangeable. Identify whether the product is a vehicle, machinery, 
industrial/scientific/medical apparatus, digital device, intentional radiator, fixed installation or a combination. 
Confirm applicable legal instruments, standards, editions, national deviations, authorized 
representative/importer requirements and markings at the time of placing on the market. 

Market Principal EMC / radio framework Engineering / marking note 

United States FCC 47 CFR Part 15, especially 
Subpart B; Part 18 where 
applicable; radio rules for 
transmitters 

Determine exemption and 
equipment authorization path; 
FCC is primarily emissions/radio, 
not general industrial immunity 
certification. 

European Union / EEA EMC Directive 2014/30/EU; Radio 
Equipment Directive 2014/53/EU 
for applicable radio products; 
machinery legislation 

CE marking based on all 
applicable legislation, technical 
documentation, conformity 
assessment and EU DoC. 

Great Britain Electromagnetic Compatibility 
Regulations 2016; Radio 
Equipment Regulations 2017; 
relevant machinery law 

CE marking remains recognized 
for many GB product categories; 
UKCA also available subject to the 
specific regime. 

Northern Ireland EU-aligned product rules with 
special UKNI circumstances 

Do not treat GB UKCA marking as 
a substitute for NI requirements. 

Canada ISED ICES standards, RSS radio 
standards; other 
electrical/product rules 

ICES-003 applies to covered 
digital apparatus; integrated 
radios require additional 
host/radio analysis. 

Australia / New Zealand ACMA EMC/radio arrangements 
and RCM; NZ rules and supplier 
obligations 

Assess applicable standards, 
responsible supplier registration 
and compliance records. 

Japan VCCI voluntary framework for 
covered multimedia/ITE; Radio 
Act and other product-specific 
rules 

VCCI is not a universal legal EMC 
approval for every industrial 
machine. 

South Korea RRA/KC electromagnetic 
compatibility and radio 
conformity frameworks 

Product classification and 
exemptions determine 
registration/certification route. 

China CCC catalogue and applicable GB 
standards; SRRC radio approvals 
as relevant 

CCC is product-catalogue-
specific; do not assume all 
industrial machinery requires 
CCC. 

Brazil ANATEL radio/telecom approvals; 
INMETRO requirements for 
covered products 

Determine scope by device type; 
radio modules and host 
integrations need review. 

India WPC ETA for relevant wireless 
equipment; BIS schemes for 
notified product categories 

Assess frequency bands, 
equipment class and applicable 
mandatory schemes. 



 

 
EMC Testing of Industrial Equipment_Public White Paper_Ted Rager_August 2026 

 

Other markets National EMC, electrical safety, 
machinery and telecom regimes 

Use a maintained destination-by-
destination applicability register. 

2.1 United States: FCC testing 
FCC Part 15 Subpart B covers specified unintentional radiators. Industrial machinery may contain digital 
devices, processors, displays and communication equipment, but some devices may qualify for exemptions; 
exemptions must be assessed rather than assumed. Class A is generally associated with commercial/industrial 
environments; Class B limits are more restrictive. A Class A label cannot be chosen solely because the machine 
is physically large. 

A compliant program identifies the equipment-authorization route (for example Supplier’s Declaration of 
Conformity or certification where required), responsible party, user information, test configuration and 
frequency range. Radiated and AC-mains conducted emissions are assessed where applicable. ANSI C63.4 is a 
central measurement method for unintentional radiators; exact editions and FCC incorporation must be 
checked. Intentional transmitters require separate analysis under relevant FCC rules and test methods such as 
ANSI C63.10, as applicable. 

For emissions testing, verify detectors, resolution bandwidth, antenna polarization, distance, site validation, 
line impedance stabilization network (LISN), grounding and auxiliary cable arrangements. Investigative 
peak/max-hold traces are useful for discovery but cannot automatically replace required final quasi-peak or 
average detector measurements. Record ambient surveys, machine-off comparisons, operational duty cycles 
and emission margins. 

2.2 European Union: CE conformity 
The EMC Directive establishes essential emissions and immunity requirements for equipment in scope. CE 
marking is a manufacturer conformity claim for all applicable EU laws, not a test-laboratory certificate. Typical 
deliverables include a conformity assessment, technical documentation, test evidence, 
identification/traceability, instructions and an EU Declaration of Conformity. Harmonised standards can 
provide presumption of conformity within their published scope; verify their current citation in the Official 
Journal. 

Machinery also has separate safety legislation. As of October 2026, Directive 2006/42/EC remains relevant; the 
European Commission identifies 20 January 2027 as the mandatory application date of Machinery Regulation 
(EU) 2023/1230. Product programs crossing that transition need explicit legal review. Wireless products may fall 
under the Radio Equipment Directive and associated radio EMC requirements; avoid mechanically applying the 
EMC Directive to radio equipment without checking the legislative scope and exclusions. 

2.3 United Kingdom: UKCA and CE recognition 
For Great Britain, UK EMC Regulations 2016 govern applicable electrical/electronic equipment. Current 
government guidance recognizes CE marking indefinitely for many product categories covered by specified 
regulations, alongside UKCA. This is not a universal rule for every product, and Northern Ireland is different. 
Determine applicable legislation, whether self-declaration or third-party assessment is required, required 
declarations, language and economic-operator obligations before selecting markings. 

2.4 Canada and other international jurisdictions 
Canada’s ICES-003 Issue 7 governs covered information technology equipment including digital apparatus; its 
scope, Class A/B criteria and host-radio provisions require attention. Radio-enabled products may also need 
RSS compliance and RF-exposure assessment. Australia/New Zealand RCM, Korean KC, Chinese CCC/SRRC 
and other schemes are not simple aliases for CE. A single technical test campaign can sometimes support 
several destinations, but country-specific limits, administrative obligations and marking requirements remain. 
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3. Choosing the Correct Standards 
Standard / family Common engineering use Critical qualification 

ISO 13766-1 EMC for earth-moving and 
building-construction machinery 

Confirm machine classification, 
test levels and edition; safety-
related provisions may require 
additional standards. 

ISO 14982 Agricultural and forestry 
machinery EMC 

Not a default substitute for 
construction machinery 
standards. 

CISPR 11 / EN 55011 Industrial, scientific and medical 
emissions 

Check group/class and product 
scope; do not assume all 
machinery is ISM. 

CISPR 12 / CISPR 25 Vehicle radiated emissions / 
onboard receiver protection 

Distinct objectives, limits and 
setups. 

CISPR 32 / EN 55032 Multimedia equipment emissions Only where the product falls 
within scope. 

IEC/EN 61000-6-2 and -6-4 Generic industrial immunity and 
emissions 

Use when no more specific 
applicable product-family 
standard supersedes them. 

IEC 61000-4-2/-3/-4/-5/-6/-8/-11 ESD, radiated RF, EFT, surge, 
conducted RF, magnetic field, 
voltage dips 

Basic test methods; test levels 
and performance criteria derive 
from applicable product 
requirements. 

ISO 11451 / ISO 11452 Vehicle-level / component RF 
immunity 

Methods and frequency ranges 
differ; assess vehicle 
applicability. 

ISO 7637 / ISO 10605 Vehicle electrical transients / ESD Voltage system, installation and 
edition matter. 

MIL-STD-461G Defense equipment 
emissions/immunity, including 
RE102 and RS103 

Contract-driven; partial tests do 
not establish complete MIL-STD-
461G compliance. 

EN 301 489 series EMC for radio equipment and 
services 

Part selection depends on radio 
technology and current 
harmonisation. 

Standards selection must be a documented engineering decision. Distinguish basic test methods from 
emission limit standards, product-family standards, contract specifications, and legal requirements. Record 
exact editions, amendments, deviations and test-facility limitations. 

4. Designing the EMC Verification Program 

4.1 Product characterization and risk register 
• Capture system block diagram, voltage architecture, clock frequencies, switching frequencies, cable 

lengths, grounding topology, metal structure and operating environments. 
• Inventory AC/DC supplies, battery chargers, traction/drive motors, hydraulics, solenoids, sensors, 

CAN/Ethernet networks, displays, GNSS and cellular/Wi-Fi/Bluetooth radios. 
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• Classify intended market, deployment location, safety functions, installation options, worst-case loads, 
service configurations and user-accessible ports. 

• Define emissions test modes, immunity functional performance criteria, instrumentation, evidence 
ownership and design-change triggers. 

4.2 Representative machine and worst-case operating modes 
Industrial machines are not static desktop products. Test representative configurations and operating modes: 
engine or electric drive on/off, hydraulic pump, platform controls, lift/extension motion, steering, lighting, 
charger operation, inverter load, communication traffic, sensor activity, safety functions and radio 
transmission. Establish safe fixture limits and remote emergency-stop arrangements. Consider machine 
posture and harness geometry, since extension or boom articulation can change radiating structures. 

4.3 Test matrix and evidence 
Test Setup / stimulus Watchpoints 

Radiated emissions Calibrated antenna/site; 
prescribed distance, detectors 
and polarizations 

Clock and switching harmonics; 
cable common mode; radio 
bands. 

Conducted emissions Applicable AC LISN or specified 
DC network and operating modes 

Charger, DC/DC, power line and 
earth-return disturbances. 

Radiated RF immunity Antenna field exposure per 
selected standard 

Unexpected movement, reset, 
DTCs, CAN errors, loss of sensor 
function. 

Conducted RF immunity CDN, current clamp or BCI as 
specified 

Harness resonance, analog-input 
susceptibility, communication 
dropouts. 

ESD Contact/air discharge at defined 
locations 

Latent faults, watchdog recovery, 
HMI and safety logic. 

EFT/burst and surge Appropriate coupling networks on 
relevant ports 

Power/IO robustness and safe 
recovery. 

Supply transients/dips Battery/AC disturbances, where 
required 

Brownout behavior, relay chatter, 
logging, state retention. 

Magnetic-field immunity Where applicable to 
sensor/system 

Hall devices, magnetic encoders, 
compass/position sensing. 

4.4 Test setup control 
Photograph cable routing, antenna positions, grounding, fixtures, EUT dimensions, power source, equipment 
calibration and ambient conditions. A validated open-area test site, semi-anechoic chamber, GTEM and near-
field bench tools serve different purposes. GTEM pre-scans accelerate engineering decisions but do not replace 
a required compliant final site/method unless the applicable standard explicitly permits it. 

5. RF Measurement Methods and Instrumentation 
A defensible laboratory combines calibrated EMI receivers or spectrum analyzers with appropriate detectors, 
antennas, preamplifiers, LISNs, current probes, coupling networks, field probes and transient generators. 
Receiver dynamic range, preselection, overload margin, noise floor, antenna factors, cable loss and 
measurement uncertainty all influence the quality of results. 
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5.1 Bandwidth, detector and scan discipline 
Measurement bandwidth and detector selection depend on the standard and frequency band. Peak scans can 
locate candidates quickly; final quasi-peak, average or other prescribed detector results establish compliance. 
A max-hold accumulation can exaggerate the apparent occupancy of intermittent transmissions. Record dwell 
time, sweep rate, span, resolution bandwidth and operating mode before interpreting peaks. 

5.2 Above 1 GHz and future-proofing 
Modern industrial platforms integrate fast processors, wideband radios, cameras and switching electronics. 
Evaluate required upper measurement frequencies from the governing regulation, highest internal frequencies 
and transmitter harmonics; do not presume that 1 GHz or 4 GHz coverage is sufficient. Some defense, radio and 
contractual programs require measurements substantially above 6 GHz. Extending calibrated capability toward 
18–40 GHz can reduce external-lab dependency but does not automatically change the scope of an existing 
accreditation. 

5.3 Laboratory quality 
Use ISO/IEC 17025 concepts: documented methods, competency, traceable calibrations, uncertainty budgets, 
environmental controls, equipment verification, data integrity and independent technical review. An internal 
engineering laboratory can be highly effective without accreditation; do not describe it as accredited unless its 
actual scope and status support the claim. 

6. Systematic Troubleshooting and Root-Cause Isolation 

6.1 Repeatable diagnostic sequence 
• Reproduce the failure under a fixed operating mode; save frequency, level, modulation, antenna geometry 

and functional evidence. 
• Separate emissions from susceptibility: identify the aggressor, coupling route and exact victim behavior. 
• Use machine-off / subsystem-off A/B comparisons and incremental harness disconnection when safe. 
• Correlate frequency to cable electrical length, PWM/clock harmonics, converter switching, radio 

allocations and physical routing. 
• Instrument suspect harnesses with RF current probes; inspect return paths, connector untwist, splice 

geometry and shield bonds. 
• Change one variable at a time; quantify margin and repeatability rather than relying on a single successful 

retest. 
• Verify the final production-intent fix at the whole-machine level, in multiple configurations and operating 

modes. 

6.2 Cable resonance and unintended antennas 
Long industrial harnesses may behave as resonant antennas. A splice or folded section can produce an 
effective dipole or loop, concentrating RF at an electronic input. Approximate free-space quarter-wave length is 
L ≈ 75/f(MHz) meters; actual resonance shifts with insulation, structure, return paths and cable loading. 
Harness rerouting, restoring twisted-pair balance, reducing untwist, eliminating long stubs, controlled shield 
termination and local filtering can all reduce coupling. 

6.3 CAN bus and high-current motor interference 
CAN communication failures under motor switching often originate from common-mode injection, ground 
offset, excessive stub length, incorrect termination, poor transceiver protection or harness proximity to high-
current conductors. Evaluate differential eye quality, common-mode voltage, error counters, bit timing and 
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termination with and without the aggressor. Diagnostic equipment can change the network impedance or 
become a new antenna; keep monitor leads short and remove temporary fixtures from formal emissions 
measurements unless part of the required configuration. 

6.4 PWM sensor input validation 
Legacy PWM sensors may use different output-high levels and shared supply architectures. Confirm 
microcontroller absolute maximum ratings, input clamp current, thresholds, RC time constant, waveform edge 
slew, duty-cycle measurement and supply tolerances. A filter capacitor change may improve noise rejection but 
may also slow edges and worsen duty-cycle distortion. For example, 30.1 kΩ with 1 nF yields τ ≈ 30 µs; with 10 
nF, τ ≈ 301 µs. Such values require measurement against PWM frequency and input topology; they are not 
universal recommended component substitutions. 

7. Engineering Case Studies (Anonymized and Illustrative) 

Case A: RF susceptibility in a platform-control harness 
A machine exhibited unexpected audible-actuator commands and controller diagnostics during low-frequency 
RF exposure. A harness splice and routing change had created an electrically significant coupling structure. A 
controlled A/B test, cable-current survey and examination of driver susceptibility identified the likely path. 
Reworking the affected conductors as a properly routed twisted pair and removing unnecessary splice geometry 
reduced susceptibility. Lesson: minor production harness changes can invalidate prior EMC assumptions; final 
installed routing matters. 

Case B: Narrowband emissions near a cellular operating band 
A machine emitted elevated energy over part of a cellular frequency region during emissions investigation; the 
signal disappeared when the machine was powered down. A max-hold spectrum suggested persistent activity 
but did not prove continuous transmission. The proper sequence is to correlate the signal with the radio module 
state, antenna feed, transmit duty cycle and power management, then conduct controlled radio-disable and 
final-detector measurements. Lesson: distinguish legitimate intentional transmission, spurious emissions, 
analyzer artifacts and host-system coupling before changing hardware. 

Case C: CAN network susceptibility near motor drives 
Intermittent CAN errors coincided with switching loads. Engineers compared idle and active load states, 
checked cable routing and pair balance, and examined common-mode current near connectors. Improvements 
to segregation, termination practice and return paths reduced the disturbance. Lesson: cable geometry and 
grounding are as important as controller-level filtering. 

Case D: Industrial sensor interface tolerance 
Two legacy sensors with differing PWM voltage levels were evaluated on a common controller input. Edge 
quality, clipping, timing tolerance and analog-input filtering created a potential integration risk. The engineering 
response was to verify input electrical ratings and duty-cycle measurement under tolerance, then qualify any 
passive-component changes through bench and machine-level testing. Lesson: legacy compatibility requires 
quantitative interface validation, not a schematic-only review. 

8. Mitigation Design Handbook 
Problem Likely mechanisms Mitigation / verification 
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Radiated cable emissions Common-mode current, 
asymmetric routing, poor bonds 

Restore pair balance; shorten 
exposed conductors; improve 
chassis bond; probe cable 
current. 

RF-triggered outputs Input rectification, demodulation, 
driver sensitivity 

Filter at entry; improve 
return/shield path; validate fail-
safe logic and modulation 
susceptibility. 

CAN errors Ground offsets, motor noise, 
stubs, pair imbalance 

Verify termination and transceiver 
ratings; segregate power; 
measure error counters. 

Converter broadband noise Fast dv/dt, parasitic capacitance, 
power return 

Layout, snubber, CM choke, 
shielding, line filtering; check 
thermal impacts. 

ESD reset Discharge path through I/O or 
reference ground 

Chassis entry bond, TVS 
selection, controlled discharge 
paths, firmware recovery. 

Radio co-site interference Antenna coupling, harmonics, 
intermodulation 

Antenna separation, filtering, RF 
scheduling, module integration 
assessment. 

False sensor measurements Input clipping, RC distortion, EMI 
demodulation 

Check input levels and time 
constants; test worst-case PWM 
and RF simultaneously. 

Every mitigation has side effects. Ferrites saturate or lose effectiveness with DC bias, added capacitance can 
distort signals, shields can create unintended current loops, and filter changes can impact safety response 
time. Validate thermal, environmental, signal-integrity and safety effects along with EMC improvement. 

9. Radio-Enabled Industrial Machines 
Cellular, GNSS, Wi-Fi, Bluetooth, UWB, RFID and remote-control subsystems introduce additional intentional-
radiator and coexistence considerations. A pre-certified radio module can simplify regulatory work but does not 
eliminate antenna, host emissions, RF exposure, co-location or installation obligations. Review the module 
grant conditions, permitted antennas, cable losses, enclosure effects and software power settings. Test both 
radio-active and radio-inactive states and verify that essential machine functions remain reliable during 
transmit bursts. 

10. CE / UKCA Technical Documentation and Change Control 
• Product description, intended use, variants, system drawings, BOM/configuration and identified markets. 
• Regulatory applicability matrix, selected standards with editions and rationale for exclusions. 
• EMC risk assessment, functional acceptance criteria, test plans, lab reports and deviations. 
• Emissions data, immunity monitoring logs, photographs, uncertainty statements and calibration 

traceability. 
• Engineering corrective actions, retest evidence, design verification and production controls. 
• Applicable declaration(s) of conformity, labeling, user instructions and economic-operator information. 
• Change-control rules for harnesses, firmware, power electronics, radios, suppliers, sensors and machine 

options. 
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A supplier Declaration of Conformity is useful evidence, not a substitute for examining the installed assembly. 
Request actual test reports, test levels, margins, equipment configuration and limitations when an electronic 
component is critical to the system EMC case. Keep records for the periods specified by each applicable 
regime; EU machinery legislation commonly requires a ten-year retention framework. 

11. Practical Program Management and Lab Capacity 
An effective test operation distinguishes test execution from reporting and EWR/document closure. Maintain a 
visible queue of product readiness, fixtures, test method, test date, nonconformances, retests, report owner 
and review status. A backlog of test reports can become a market-access risk even when testing is complete. 
Allocate engineering time for data reduction, technical review and traceability instead of assuming that the last 
scan completes the job. 

Use stage gates: requirements freeze; pre-scan; test-readiness review; formal testing; anomaly disposition; 
mitigation verification; final report; regulatory file release. Where a full machine is expensive to transport, early 
GTEM/component screening and disciplined site preparation reduce schedule risk. Capacity investment should 
consider equipment redundancy, receiver frequency coverage, rentals, external test fees, training and report 
throughput. 

12. Master Pre-Test and Release Checklist 
• Market and product classification approved; current regulations and editions checked. 
• All machine options, software versions, operating modes and cable routes recorded. 
• Safety and functional performance criteria signed off; fault logging active. 
• Test instrumentation, site suitability, calibration and uncertainty verified. 
• Ambient scan and baseline machine-off measurements captured. 
• Worst-case emissions and immunity modes exercised, including charger and radios. 
• Every anomaly logged with reproducible conditions and a root-cause disposition. 
• Corrective changes revalidated on production-intent equipment. 
• Formal report, declaration, technical file and required labels reviewed before release. 

13. Future Trends and Conclusions 
Electrification, higher-voltage battery systems, fast wide-bandgap converters, increasing radio density, 
software-defined machine functions and high-bandwidth sensor links will intensify EMC complexity. The most 
resilient engineering approach combines early design reviews, instrumented pre-compliance, risk-based 
whole-machine tests, quantified mitigation and rigorous configuration control. Global market access is not a 
universal EMC stamp: it is a defensible body of technical evidence matched to the correct product and 
jurisdiction. 

Appendix A. Example EMC Test Report Structure 
1. Identification and scope; 2. Applicable regulations/standards; 3. EUT configuration; 4. Operating modes; 5. 
Equipment and calibration; 6. Test site and environment; 7. Test methods and settings; 8. Functional criteria; 9. 
Emissions results and margins; 10. Immunity results; 11. Deviations and anomalies; 12. Corrective 
actions/retest; 13. Measurement uncertainty; 14. Photographs; 15. Conclusions and approvals. 
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Appendix B. Regulatory and Technical References 
FCC 47 CFR Part 15, Subpart B — https://www.ecfr.gov/current/title-47/chapter-I/subchapter-A/part-
15/subpart-B 

FCC KDB 300643 measurement procedures — 
https://apps.fcc.gov/oetcf/kdb/forms/FTSSearchResultPage.cfm?id=21079&switch=P 

EU EMC Directive 2014/30/EU — https://eur-lex.europa.eu/eli/dir/2014/30/oj 

EU Radio Equipment Directive 2014/53/EU — https://eur-lex.europa.eu/eli/dir/2014/53/oj 

European Commission machinery legislation and transition — https://single-market-
economy.ec.europa.eu/sectors/mechanical-engineering/machinery_en 

UK EMC Regulations guidance — https://www.gov.uk/government/publications/electromagnetic-compatibility-
regulations-2016/electromagnetic-compatibility-regulations-2016-great-britain 

UK CE/UKCA product marking guidance — https://www.gov.uk/guidance/ukca-marking-conformity-
assessment-and-documentation 

Canada ICES-003 Issue 7 — https://ised-isde.canada.ca/site/spectrum-management-
telecommunications/en/devices-and-equipment/interference-causing-equipment-standards-ices/ices-003-
information-technology-equipment-including-digital-apparatus 

ISO standards catalogue — https://www.iso.org/standards.html 

IEC standards catalogue — https://webstore.iec.ch/ 

Reference note: The standards catalogue and regulatory pages should be checked for current editions, 
amendments, harmonised status, product exemptions and national transition dates before any certification or 
declaration is issued. This paper is engineering guidance, not a legal opinion or a certificate of compliance. 
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PART II — Advanced Industrial EMC 
Engineering and Global Compliance 
Reference 
Expanded technical edition | October 2026 | Public-domain engineering guidance and anonymized illustrative 
examples 

Scope note: This document is an engineering reference, not a substitute for the current legally applicable 
regulatory text, harmonized/designated standards, product-specific conformity assessment, or accredited 
laboratory advice. Test levels and frequency ranges below are planning examples only; verify against the exact 
standard edition and product classification before use. 

14. Regulatory Decision Tree: Product, Market, Function, and Radio 
Compliance starts with the legal identity of the product. Record whether the article is a complete machine, 
component, apparatus, fixed installation, radio equipment, vehicle, or specialized off-road machine. Different 
regimes may apply simultaneously; one successful laboratory test does not establish every market 
authorization. 

For every destination country, identify the responsible manufacturer/importer, the applicable acts and rules, 
conformity route, labeling, declarations, technical file retention, language requirements, and whether an 
authorized representative or local holder is required. Keep a signed jurisdiction-by-jurisdiction decision log. 

A useful branching sequence is: (1) define intended use and electromagnetic environment; (2) identify 
intentional transmitters; (3) identify mains or DC power ports and external cable interfaces; (4) determine 
industrial, residential, or mixed installation; (5) identify safety-related functions; (6) classify apparatus versus 
installation; (7) select applicable legal framework; (8) select current standards and evidence; (9) confirm 
labeling and market entry. 

Where equipment contains integrated wireless modules, review the host integration instructions and antenna 
configuration. A pre-approved module does not automatically resolve host emissions, co-location, exposure, or 
every market-specific obligation. 

14.1 Market-entry planning matrix 
Market Principal EMC / radio pathway to 

investigate 
Engineering and documentation 
watchpoints 

United States FCC Part 15; Part 18 if applicable; 
equipment authorization for 
transmitters 

Unintentional radiator 
classification, measurement 
methods, RF module conditions, 
labeling, SDoC/certification as 
applicable 

EU / EEA EMC Directive 2014/30/EU; RED 
2014/53/EU for radio; relevant 
machinery/electrical legislation 

CE marking, EU DoC, technical 
documentation, applicable 
harmonized standards, notified 
body only where required 
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Great Britain UK EMC Regulations 2016 and 
radio regulations as applicable 

Current CE recognition/UKCA 
rules, UK declaration and 
responsible-party obligations; 
verify changes 

Northern Ireland EU-related product rules and 
applicable NI arrangements 

Confirm CE/UKNI marking 
pathway for the product and 
assessment route 

Canada ISED ICES standards and RSS for 
radio devices 

ICES applicability, certification for 
intentional radiators, labeling and 
bilingual documentation where 
required 

Australia / New Zealand ACMA EMC and radio regulatory 
arrangements 

RCM, compliance records, 
supplier registration and 
applicable standards 

Japan VCCI voluntary framework where 
applicable; Radio Law for 
transmitters 

Product scope, radio approvals, 
Japanese marking and importer 
requirements 

South Korea RRA/KC EMC and radio conformity Local registration/certification 
route, test reports and labeling 

China SRRC for applicable radios; CCC 
for covered product categories 

Product-specific scope; do not 
assume all industrial machines 
require CCC 

Brazil ANATEL for covered 
telecom/radio equipment 

Local approval holder and radio 
certification 

India WPC/ETA for relevant wireless 
products; BIS/other schemes 
where applicable 

Frequency bands, exemptions, 
scope and local compliance route 

Other export markets Country-specific EMC, electrical 
safety, radio and machinery rules 

Maintain a dated matrix; do not 
extrapolate EU or FCC approval 
automatically 

15. FCC Part 15 and Industrial Equipment: Deep-Dive 
FCC classification must be established before choosing limits. Digital devices can be unintentional radiators, 
while industrial, scientific and medical RF equipment may fall under Part 18. A machine with embedded 
transmitters may invoke multiple authorization and host integration obligations. A factory-only use case does 
not automatically exempt a device. 

For Class A versus Class B, consider the marketing environment and legal definition, not only where the 
prototype is tested. Class A generally addresses commercial/industrial use and Class B residential protection. 
Document the rationale, required user notices, and restrictions on marketing. 

Radiated emissions testing requires control of distance, antenna height/polarization, azimuth, cable 
arrangement, ground plane, ambient signals, and detector/bandwidth selection. Below 1 GHz, quasi-peak final 
measurements are common under applicable methods; above 1 GHz, average and peak procedures may apply. 
Always follow the governing rule and incorporated measurement standard. 

Conducted emissions require identifying applicable AC mains ports, line impedance stabilization network 
(LISN) requirements, power conditions, grounding, and detector type. Battery-operated machinery without an 
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AC mains connection during operation can present a different applicability analysis from machinery with an 
onboard charger. 

For machine-mounted chargers, inverter supplies, switching converters and AC platform outlets, test all 
meaningful operating states. A multifunction power connector can require separate consideration of charging 
and power-delivery modes. Do not assume a single idle scan captures the worst case. 

15.1 FCC test execution worksheet 
Record FCC rule section, device classification, authorization method, measurement procedure and edition, 
test site validation, ambient conditions, operating mode, supply voltage, cable layout, test distance, antenna 
and preamplifier IDs, calibration dates, correction factors, uncertainty statement, raw traces and final detector 
results. 

Maintain a margin table: measured receiver level + antenna factor + cable loss − preamplifier gain + other 
applicable corrections = corrected field strength. Margin = limit − corrected value. Verify units and distance 
normalization; do not mix dBµV with dBµV/m. 

When a suspected emission lies in an active cellular band, use time-domain and frequency-domain 
observations, transmitter state logs, near-field probes and controlled shutdown of radios. A max-hold trace 
alone cannot establish continuous transmission or identify the source. 

16. CE Marking, EMC Directive, RED, and Machinery Interaction 
CE marking represents a manufacturer declaration that all applicable EU product legislation has been met. 
EMC Directive 2014/30/EU covers many apparatus and fixed installations, but exclusions and special rules 
must be reviewed. Radio-enabled equipment may instead be governed for EMC by the Radio Equipment 
Directive. Machinery, electrical safety, functional safety and environmental legislation may also apply. 

Create an essential-requirements matrix that links each applicable legal requirement to design controls, 
standards, test evidence, risk assessment and document owner. A test report supports conformity but is not 
itself a declaration of conformity. 

Under the EMC Directive, harmonized standards may offer a presumption of conformity for the essential 
requirements they cover when cited in the relevant Official Journal. Using a standard not harmonized for the 
legislation or using a superseded edition requires an explicit technical justification. 

For large machines and complex installations, determine whether the product is apparatus placed on the 
market, a fixed installation, or an assembly with several regulatory identities. Installation instructions, 
grounding requirements, cable lengths, and approved peripheral configurations may be part of the compliance 
boundary. 

16.1 Technical file and declaration 
Technical documentation should contain product description and variants, drawings and wiring diagrams, 
intended environment, regulatory applicability rationale, standards edition list, EMC risk assessment, test plans 
and reports, configuration records, mitigations, residual risks, manufacturing controls, instructions and 
traceable declarations. 

The EU Declaration of Conformity must identify the product and manufacturer, applicable EU legislation and 
standards, and authorized signature. Retention periods and language obligations are determined by the 
applicable law; check current requirements before release. 
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17. UKCA, CE Recognition, and Great Britain Versus Northern Ireland 
Treat Great Britain and Northern Ireland as distinct market-access analyses. Great Britain has UK EMC and 
radio regulations and has adopted ongoing recognition of CE marking for many product regulations; precise 
eligibility and exceptions must be verified from current UK government guidance. Do not assume UKCA is 
universally mandatory or that CE recognition applies to every product. 

For each product family record whether CE, UKCA, or both markings are accepted; whether the conformity 
assessment body must be UK-approved; which UK designated standards apply; and who is responsible for the 
UK declaration and technical file. Northern Ireland has separate arrangements and may require CE or CE plus 
UKNI under particular assessment routes. 

If the design changes after testing, review whether both EU and GB evidence remain valid. The same hardware 
can use shared technical evidence, but each jurisdiction requires its own legal applicability review. 

18. Selecting Standards for Mobile Industrial Machinery 
Industrial machines may be assessed using sector-specific EMC standards instead of generic industrial IEC/EN 
standards. Earth-moving machinery, agricultural/forestry equipment, construction machinery, material 
handling equipment and industrial robots can have different applicable standards and editions. Establish the 
product scope before selecting ISO 13766-1, ISO 14982, or an IEC 61000 generic standard. 

ISO 13766-1 addresses EMC of earth-moving and building-construction machinery in its stated scope; ISO 
13766-2 addresses additional functional safety requirements. ISO 14982 applies to agricultural and forestry 
machinery in scope. Vehicle/component standards such as CISPR 12, CISPR 25, ISO 11451, ISO 11452, ISO 
7637 and ISO 10605 are not interchangeable; they differ in equipment under test, coupling, environment and 
acceptance criteria. 

IEC/EN 61000-6-2 and 61000-6-4 may be relevant generic industrial immunity and emission standards where no 
appropriate product-family standard governs. IEC 61000-4-x standards describe basic test methods; they do 
not alone determine the product’s required level or pass/fail criteria. 

18.1 Methods cross-reference 
Concern Representative method family Key question 

Radiated disturbance CISPR 11/12/25; applicable FCC 
methods 

Whole-machine or component? 
distance, detector and limit? 

Radiated RF immunity IEC 61000-4-3; ISO 11451-2 / 
11452-2 

Field strength, modulation, dwell, 
frequency and operating 
functions? 

Conducted RF immunity IEC 61000-4-6; ISO 11452-4 Cable injection method, 
clamp/probe calibration and 
current monitoring? 

ESD IEC 61000-4-2; ISO 10605 Contact/air, indirect discharge, 
operator-accessible points? 

EFT / burst IEC 61000-4-4 Power and signal ports, coupling 
network and repetition? 

Surge IEC 61000-4-5 Line-line versus line-earth, source 
impedance and coupling? 

Voltage dips IEC 61000-4-11 / -34 Supply type, current rating and 
performance criterion? 
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DC transients ISO 7637 series Vehicle supply topology and pulse 
applicability? 

Magnetic field IEC 61000-4-8; ISO 11452-8 Frequency, field intensity and 
sensor susceptibility? 

Military EMI MIL-STD-461G RE102 / RS103 etc. Contract-specific applicability; 
never equate partial coverage with 
full compliance 

19. Building a Defensible EMC Test Plan 
A complete test plan should define the product configuration, market variants, mandatory and engineering-only 
tests, rationale for exclusions, operating modes, monitoring methods, severity levels, pass/fail criteria, 
calibrated instrumentation, staffing, schedule, contingencies and evidence storage. 

Use a function-based mode matrix rather than testing only by power state. Examples include standby, startup, 
high-current actuation, simultaneous motor and communications operation, platform controls, charging, 
auxiliary AC power output, cellular connection and sensor fault states. Capture both continuous and 
intermittent behaviors. 

Safety-related monitoring must detect dangerous motion, unintended horn or alarm activation, loss of control 
authority, false sensor readings, communication dropout and latched faults. Design a safe remote monitoring 
arrangement and predefine an emergency stop and abort threshold. 

Before formal tests, conduct engineering prescans to identify hotspots and establish a baseline. Record 
whether the prescan uses a GTEM, near-field probe, OATS or chamber; these methods are useful for diagnosis 
but are not automatically equivalent to a compliant final measurement. 

19.1 Example mode matrix 
Mode Disturbance risk Monitor 

Key on / idle Digital clocks and DC/DC 
converters 

Receiver traces, bus activity, 
standby current 

Drive / traction Motor PWM and high current CAN error counters, control state, 
current 

Lift / hydraulic actuation Contactors, solenoids, motors Command integrity, alarms, faults 

Platform extension / sensor 
movement 

Cable motion and sensor harness 
coupling 

Input state, safety inhibit, DTC 

Battery charging Mains noise, charger harmonics AC line current, emissions, state 
of charge 

AC power export Inverter switching and load 
transients 

Voltage, conducted/radiated 
noise 

Cellular / Wi-Fi active Intentional RF plus spurious host 
emissions 

TX duty cycle, link state, 
emissions 

Startup / shutdown Inrush, transients, reboot faults Reset events, outputs and safety 
state 
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20. Radiated Emissions: Measurement Physics and Troubleshooting 
The receiver indicates a voltage at its input; compliance reporting requires conversion to field strength using the 
measurement chain. Maintain antenna factor, cable attenuation, preamplifier gain, filters and transducer 
corrections in a controlled calibration database. Inspect compression and overload before trusting strong 
peaks. 

At low frequencies, common-mode currents on cables and structures often dominate. At higher frequencies, 
PCB traces, enclosure seams, connector transitions and short pigtails become effective radiators. A long 
harness can exhibit resonances and unexpected coupling even when the electronics module itself passes 
bench tests. 

A robust workflow uses a broadband peak scan, targeted maximization, detector-specific final measurements, 
repeatability check, mode comparison and controlled source isolation. Antenna polarization, machine 
orientation, mast height and cable routing can materially change the result. 

When emissions appear only with the machine powered, that establishes correlation, not source identity. Turn 
off subsystems one at a time while preserving a valid operating state; compare supply and communication 
activity; then use current probes and near-field scans to distinguish source from radiator. 

20.1 Useful equations and interpretation 
Corrected level (dBµV/m) = receiver level (dBµV) + antenna factor (dB/m) + cable loss (dB) − preamp gain (dB), 
plus any documented site or accessory corrections. 

Wavelength λ ≈ 300 / f(MHz) meters. A quarter-wave cable dimension is λ/4; this is a heuristic for resonance 
investigation, not a precise prediction in bundled harnesses with dielectric loading, grounding and terminations. 

A 6 dB increase corresponds approximately to doubling voltage amplitude under consistent impedance and 
measurement conditions. Do not treat dBµV, dBµA and dBµV/m as interchangeable quantities. 

21. Conducted Emissions, Power Quality, and Industrial Power 
Interfaces 
Industrial equipment can include AC charging inputs, DC battery buses, DC/DC converters, inverters, onboard 
generators, auxiliary AC outlets and long external control cables. Each port requires an applicability decision 
based on the governing standard and operating configuration. 

Conducted emission measurement setups can be distorted by incorrect LISN grounding, load wiring, long 
mains leads, leakage current, isolation transformers, line filters and unexpected alternate return paths. 
Photograph the setup and document every nonstandard adaptation. 

When a machine both charges and supplies AC power, establish which mode is within the compliance claim 
and test under representative loads. Power factor correction, harmonics, flicker and voltage fluctuation 
requirements may apply under separate standards depending on power rating and market. 

High-voltage switching circuits can couple through parasitic capacitance into chassis, shields, 
communications harnesses and low-voltage electronics. Differential-mode filtering alone may not suppress 
common-mode noise; investigate Y-capacitor paths, return impedance, shield termination and mechanical 
grounding. 
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22. Radiated Immunity: Field Uniformity, Modulation, and Failure 
Attribution 
Radiated immunity requires control of field calibration, uniformity, antenna distance, polarization, frequency 
steps, dwell time, modulation, amplifier linearity, field probe placement and test-site configuration. The exact 
method depends on the product standard. 

Industrial controls may fail through input demodulation, cable pickup, ESD protection conduction, supply 
perturbation or microcontroller resets. A failure at one frequency can appear at harmonics or subharmonics 
due to nonlinear detection or resonant harness geometry. 

For each susceptibility event, log frequency, applied level, modulation, orientation, machine mode, duration, 
affected function, recovery behavior and diagnostic codes. Repeat at reduced levels to estimate threshold, then 
perform controlled mitigations without compromising machine safety. 

When a test facility is capable of 100 V/m up to 6 GHz, that describes facility capability, not proof of 
conformance to a requirement extending to 18 GHz. State tested coverage explicitly, including exclusions and 
untested bands. 

23. ESD, EFT, Surge, Dips, and DC Transients 
ESD can enter through operator controls, displays, service connectors, exposed metal and indirect coupling 
planes. Map operator-accessible discharge points and monitor latched faults, resets, false commands and 
recovery. Surface coating, humidity and contact geometry can influence repeatability. 

EFT/burst tests probe repetitive fast transients coupled onto power and signal cables. Investigate shield paths, 
input RC networks, transient suppression, connector bonding and PCB return paths. Surge testing is a different 
phenomenon with different energy and source impedance; do not substitute EFT success for surge evidence. 

Voltage dips and interruptions challenge brownout handling, power sequencing, nonvolatile state and safe 
restart. Industrial battery machines may require additional DC supply disturbance analysis. Distinguish 
temporary performance degradation allowed by the product standard from unacceptable loss of safety 
function. 

For automotive-like power architectures, use applicable ISO 7637 methods only after checking whether their 
supply assumptions, pulse generators and coupling arrangements match the equipment. Record protective 
devices and their aging or surge-energy limitations. 

24. CAN, Sensors, and Embedded Control Robustness 
CAN networks are vulnerable to common-mode injection, ground potential differences, cable impedance 
discontinuities, poor termination, split-pair routing, and high-current switching transients. EMC investigations 
should correlate physical-layer waveforms with CAN error counters, retransmissions, bus-off events and 
application-level faults. 

Twisted pair improves magnetic field cancellation and controls loop area when maintained through connectors 
and splices. Excessive untwist, nonstandard splices and routing near motor leads can degrade immunity. 
Shielding and termination must be selected for the system grounding architecture, not applied as a universal fix. 

For PWM tilt or position sensors, assess the entire analog input chain: sensor output amplitude, pull-ups, series 
resistors, clamp diodes, ADC/digital input threshold, filtering, timer capture and software debounce. A sensor 
output exceeding the microcontroller input range can clip and distort edges. 
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RC filtering is a tradeoff: increasing capacitance generally increases edge rise/fall time and can attenuate high-
frequency noise, but it does not intrinsically sharpen PWM edges. With R = 30.1 kΩ and C = 1 nF, τ ≈ 30 µs; at 10 
nF, τ ≈ 301 µs. Compare these values against PWM period, duty-cycle tolerance and input threshold before 
selecting components. 

Hardware validation should cover temperature, supply tolerance, EMC stress, startup, sensor 
disconnect/short, component tolerances, watchdog recovery and manufacturing variation. Correlate 
oscilloscope captures at the sensor connector and microcontroller pin with decoded software measurements. 

25. RF Source Identification and Cable Resonance: Practical Casebook 
Case 1 — Control harness resonance (anonymized illustrative reconstruction): A long safety-switch conductor 
with a splice produced RF-sensitive behavior in a controller. The diagnostic sequence compared machine 
variants, mapped susceptibility frequencies, probed cable currents and tested routing and twisted-pair 
changes. The lesson is to treat wiring as part of the RF circuit. 

Case 2 — Emissions in a cellular allocation (anonymized illustrative reconstruction): A narrow, repeatable high-
frequency feature appeared with machine power on. The team compared max-hold and clear/write traces and 
proposed disabling the cellular transceiver to distinguish intentional radio behavior from a converter or harness 
resonance. The lesson is to test the hypothesis with controlled transmitter state; spectral location alone is not 
proof. 

Case 3 — Motor/CAN coupling (generic engineering scenario): Bus errors correlate with motor acceleration and 
high-current transitions. A stepwise approach compares physical-layer common-mode voltage, current-probe 
readings, termination, shielding, cable separation and inverter switching configuration. 

Case 4 — Sensor PWM distortion (generic engineering scenario): Two legacy sensors with different output 
voltage swings interface with the same controller. The team measures pin voltage, input protection behavior, 
rise/fall times and captured duty cycle under nominal and injected disturbance conditions. The lesson is to 
validate the complete interface and avoid a filter change based on a single waveform. 

26. Mitigation Selection, A/B Testing, and Design Release 
Rank mitigations by mechanism and manufacturability: source reduction (slew rate, switching frequency, 
snubbers), coupling reduction (routing, separation, twisted pair, shields), and victim hardening (input filtering, 
thresholding, clamps, firmware fault handling). Choose changes that preserve safety, thermal margin, cost and 
serviceability. 

Perform one controlled change at a time when possible. Record before/after spectra or susceptibility 
thresholds, harness configuration, software build, test level and environmental conditions. Avoid attributing an 
improvement to a mitigation when test setup changed simultaneously. 

A shield is only as good as its termination strategy and enclosure bonding. Pigtails add inductance; 360-degree 
terminations may be preferable at high frequencies. Grounding schemes must be evaluated for DC fault 
currents, low-frequency ground loops and high-frequency return paths. 

After the fix, retest the failing band and adjacent bands, then run regression tests across the full required scope. 
Update drawings, harness work instructions, component BOM, supplier specifications and technical 
documentation. A laboratory-only workaround is not a released production solution. 
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27. EMC Laboratory Infrastructure and Capability Boundaries 
An industrial EMC laboratory may combine an open-area test site, GTEM for engineering prescans, conducted 
immunity equipment, transient generators, antennas, current probes, RF amplifiers and EMI receivers. Each 
capability must be documented by frequency, level, uncertainty, calibration, site validation and test-method 
restrictions. 

An OATS can provide valuable whole-machine access but weather, ambient RF, ground-plane integrity and 
geometry affect results. A GTEM is excellent for development screening but has limitations in EUT size, cable 
layout and direct correlation to regulatory full-scale radiated tests. 

For higher-frequency emissions, a 40–44 GHz receiver and 18–40 GHz antenna system can improve 
development coverage and reduce dependence on rentals. Such purchases must be justified against actual 
product requirements, preselector and detector capabilities, antenna calibration, cables, site suitability, 
staffing and the expected number of tests. 

Where a standard or customer requires emissions up to the fifth harmonic of a high-frequency clock or 
transmitter, calculate the highest applicable frequency from the governing rule. Do not assume that buying a 
wideband receiver automatically provides a compliant test site or the needed authorization. 

28. Measurement Uncertainty, Quality Systems, and Traceability 
Build uncertainty budgets appropriate to each measurement, including receiver amplitude, antenna factor, 
cable loss, preamplifier gain, site imperfections, positioning, repeatability and mismatch. Record the applicable 
decision rule and whether uncertainty is incorporated into compliance statements. 

Calibration certificates must be traceable and relevant to actual operating frequencies and levels. Equipment 
should have unique identifiers, calibration due dates, repair records, firmware versions and out-of-tolerance 
impact assessments. 

ISO/IEC 17025 accreditation concerns laboratory competence for defined scopes; a calibration label or ISO 
9001 quality system is not equivalent. Confirm whether the selected test method is within the laboratory’s 
accredited scope and whether the market requires a recognized or accredited body. 

Data integrity requires raw receiver files, correction tables, photographs, environmental conditions, operator 
identity, EUT hardware/software revision and an auditable chain from observation to report. Store interim 
engineering results separately from final compliance evidence. 

29. EMC Program Management, Reporting Backlog, and Engineering 
Throughput 
Industrial machines are expensive to transport and configure; testing delays can block design release. A test 
queue should include regulatory urgency, prototype availability, rental costs, design maturity, test duration, 
mitigation risk, reporting effort and downstream manufacturing deadlines. 

Distinguish testing complete, engineering disposition complete, report issued, corrective action closed and 
compliance documentation approved. A machine can pass a test while the evidence package remains 
incomplete. 

Use standardized test plans, operator mode checklists, report templates, photo checklists and EWR/change-
request cross-references to reduce reporting backlog. Assign ownership for raw-data review, anomaly 
resolution, report drafting, technical review and final approval. 
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Capacity planning should include setup and teardown, equipment maintenance, retests, machine logistics and 
report authoring—not only chamber or pad time. Publish a realistic rolling schedule and identify the effect of 
urgent insertions on existing commitments. 

30. Release Gates and Global Compliance Governance 
Gate 1 — Architecture: confirm product scope, market list, radios, power interfaces and initial standards 
matrix. Gate 2 — Prototype: conduct prescans, close major emission and immunity risks, and define final 
operating modes. Gate 3 — Formal verification: test representative configuration with traceable evidence. Gate 
4 — Documentation: approve technical file, labels, declarations and user instructions. Gate 5 — Production: 
implement change control and supplier verification. 

For each engineering change, classify whether it affects clocks, switching frequencies, PCB layout, cable 
length, grounding, shields, power supply, wireless module, antenna, software operating modes or safety logic. 
Use the classification to determine partial or full EMC retest needs. 

Compliance evidence must follow the product configuration. Maintain a model-variant matrix that states which 
test results are transferable, the engineering rationale for family grouping and the limits of any worst-case 
representative testing. 

Appendix C. Example Comprehensive EMC Test Plan Fields 
Project metadata: equipment model and serial, hardware/software revision, manufacturer, responsible 
engineer, test site, operator, date, standard edition, market, and product classification. 

Configuration: power source, charger state, battery state of charge, installed radios and antenna types, harness 
revisions, connector and shield details, optional attachments, grounding arrangement, operating environment 
and firmware diagnostics. 

Test-specific: frequency span, step size, bandwidth, detector, modulation, dwell, polarization, injection point, 
antenna distance, applied field/current/voltage, performance criteria, abort conditions and measurement 
uncertainty. 

Evidence: pre-test photos, setup diagrams, ambient survey, raw traces, final measurements, monitor logs, fault 
records, corrective actions, retest results, reviewer signatures and report location. 

Appendix D. Engineering Troubleshooting Decision Tree 
1. Reproduce the anomaly with a controlled setup and documented operating mode. 2. Determine whether it is 
an emissions issue, susceptibility issue, functional safety issue, or test artifact. 3. Isolate source, coupling path 
and victim with non-destructive measurements. 4. Confirm the frequency or transient signature. 5. Apply a 
reversible mitigation and measure its effect. 6. Verify that the mitigation does not create a new failure. 7. Re-test 
the governing standard and production configuration. 8. Document the design change and evidence. 

For intermittent failures, synchronize analyzer time stamps, CAN logging, oscilloscope triggers and operator 
event notes. Distinguish RF-induced malfunction from pre-existing software faults, thermal effects and supply 
brownouts. 
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Appendix E. Official Regulatory Starting Points and Standards 
Catalogs 
United States FCC: https://www.ecfr.gov/current/title-47/chapter-I/subchapter-A/part-15 and 
https://www.fcc.gov/oet/ea ; consult FCC Part 18 separately where relevant. 

European Union: https://eur-lex.europa.eu/eli/dir/2014/30/oj ; https://eur-lex.europa.eu/eli/dir/2014/53/oj ; 
harmonized standards references and Commission guidance should be checked for current versions. 

United Kingdom: https://www.gov.uk/guidance/using-the-ukca-marking ; verify current CE recognition and 
sector-specific rules. 

Canada ISED: https://ised-isde.canada.ca/site/spectrum-management-telecommunications/en ; Australia 
ACMA: https://www.acma.gov.au ; New Zealand RSM: https://www.rsm.govt.nz . 

IEC standards: https://webstore.iec.ch ; ISO standards: https://www.iso.org/standards.html ; ANSI C63: 
https://www.ansi.org ; CISPR standards via IEC. The standards themselves are typically copyrighted and must 
be obtained from authorized sources. 

Regulatory rules, recognized standards, country-specific authorization and marking requirements can change. 
This reference reflects an engineering planning perspective as of October 2026 and is not a verified current legal 
opinion for every listed jurisdiction. 

  



 

 
EMC Testing of Industrial Equipment_Public White Paper_Ted Rager_August 2026 

 

PART IV — HEAVY CONSTRUCTION AND 
MATERIAL-HANDLING EQUIPMENT 
Supplement: cranes, compact dumpers, excavators, earthmoving machines and related mobile machinery. The 
examples are engineering guidance, not evidence that a particular machine was tested or certified. 

31. Equipment Taxonomy and Regulatory Scoping 
Heavy equipment EMC requirements depend on machine purpose, road status, power architecture, radio 
installations, and target country. Do not assume that one industrial generic standard, one FCC scan, or a CE 
label covers all variants. Document intended use and machine category before selecting test methods. 

Construction machinery often invokes ISO 13766-1 for general EMC and ISO 13766-2 where additional 
functional safety-related EMC requirements apply. Agricultural and forestry machinery may invoke ISO 14982. 
Certain vehicles and components may be subject to UNECE Regulation No. 10 or national vehicle type-approval 
rules; the applicability must be confirmed by product classification. Cranes may require crane-specific product 
standards and safety requirements in addition to applicable EMC provisions. 

For EU/EEA products assess EMC Directive 2014/30/EU, Machinery Directive 2006/42/EC during its applicable 
period and Machinery Regulation (EU) 2023/1230 according to its application date, plus Radio Equipment 
Directive 2014/53/EU for radio equipment. Some machinery or radio products fall under specific exclusions or 
overlapping regimes: conduct a documented legal scope assessment rather than automatically listing all 
directives. For Great Britain assess relevant UK regulations and current acceptance of CE/UKCA routes. FCC 
Part 15/18 and radio equipment authorization are separate US questions; many vehicle digital devices have 
specific exemptions or treatment, so confirm the exact rule scope before assigning an FCC Class A/B 
obligation. 

Export matrix fields: model family, engine/electric variant, road homologation status, crane/earthmoving 
classification, radio SKU, safety functions, destination country, applicable legislation, standard edition, 
marking route, declaration owner, evidence location and review date. 

32. Mobile Cranes, Tower Cranes and Lifting Equipment 
Cranes combine long boom structures, distributed I/O, load-moment indication, outrigger monitoring, hoist 
motor drives, slew drives, hydraulic proportional valves, remote controls and sometimes high-power variable-
frequency drives. Large metallic structures and cable routing can alter RF coupling, while rotating joints, slip 
rings and long pendant cables create variable impedance and grounding conditions. 

Test modes should include engine idle/high idle; hoist up/down under a safe representative load; telescoping 
and luffing; slew clockwise/counterclockwise; outrigger deployment; simultaneous permitted functions; 
remote-control mode; emergency stop and restart; and charger or auxiliary AC operation where fitted. For tower 
cranes, include trolley travel, hoist drive and communications links. Define safe load simulators or test weights 
and exclusion zones before RF exposure. 

Critical monitored functions include overload/overturning protection, load-moment indication, boom angle and 
length sensing, anti-two-block devices, safe-load displays, brake release, emergency stop, limit switches and 
loss-of-link behavior. Under immunity exposure, no unintended lifting motion, brake release, bypass of safety 
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interlocks or hazardous change of operating state is acceptable. Performance criteria must be derived from the 
product safety analysis and applicable standard, not generalized from ordinary industrial controls. 

Investigate RF coupling on boom-tip sensor cables, encoder and load-cell leads, pendant wiring, CAN 
backbone branches, wireless receivers and grounding across slip rings. Mitigations include improved cable 
pairing, termination, shielding continuity, filter placement at enclosure entry, bonded metalwork and separation 
of inverter motor cables from safety I/O. Revalidate protective function behavior after mitigation. 

33. Excavators and Compact Excavators 
Excavators integrate electrohydraulic pilot controls, proportional solenoids, travel motors, swing motors, 
boom/stick/bucket actuation, machine-control GNSS, tilt sensors, cameras, telematics, and engine or traction 
inverters. Compact excavators can have dense harness packing and close proximity between motor controllers 
and sensor wiring. 

Exercise digging, boom raise/lower, stick and bucket curl, swing, tracked travel, engine speed changes, auto-
idle transitions, regeneration where applicable, and auxiliary hydraulic attachments. Include work lights, 
wipers, HVAC, cameras, machine guidance and wireless communications when they affect emissions or 
susceptibility. Use stable, safe simulated duty cycles if earth engagement cannot be reproduced on the test 
site. 

Observe unexpected hydraulic command, loss of neutral, travel enable, engine derate, incorrect boom angle or 
position, display resets, CAN bus-off, GNSS dropouts and false proximity warnings. Measure conducted noise 
from alternator, DC/DC converters and traction drives; investigate radiated emissions from long attachment 
harnesses, solenoid switching and camera links. Record controller diagnostic trouble codes synchronized to RF 
frequency and dwell time. 

For electrically powered excavators, include inverter PWM carrier/harmonics, battery management, precharge, 
isolation monitoring, on-board charging and regenerative operating conditions. Treat high-voltage safety, safe 
loading and emergency isolation as independent test-plan controls. 

34. Mini Dump Trucks, Compact Dumpers and Site Haulers 
Compact dumpers and mini dump trucks may be tracked or wheeled, diesel, gasoline, hybrid or electric, with 
tipping-bed actuators, articulated steering, hydrostatic propulsion and operator-presence interlocks. 
Distinguish off-road site dumpers from road-registered trucks, because regulatory regimes can differ 
substantially. 

Include forward/reverse travel, braking, steering, bed raise/lower, parking brake, hill-hold where provided, 
high/low engine speed, lighting, reverse alarm, proximity sensors and charging. For articulated units test 
representative steering angles and moving harness joints; for tracked units monitor propulsion controller 
behavior at representative loads. 

Key hazards are uncommanded travel, bed movement, loss of braking, erroneous operator-presence status, 
unintended reverse, and suppression of warning alarms. Monitor joystick PWM or analog channels, controller 
command/feedback correlation, CAN error counters and power supply dips. RF immunity performance limits 
must be linked to safety requirements and safe-state design. 

For road-going configurations, investigate vehicle type-approval and UNECE R10 applicability. For off-road 
machines, investigate construction machinery EMC requirements and market-specific electrical/radio rules. Do 
not use the name “dump truck” alone to determine the compliance pathway. 
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35. Other Heavy Equipment: Wheel Loaders, Dozers, Graders, Rollers 
and Telehandlers 
Wheel loaders and skid-steer loaders: test lift/tilt, steering, traction, quick-coupler lock, attachment power and 
operator restraint logic. Dozers and graders: exercise blade and ripper controls, GNSS grade control, steering 
and travel. Rollers and compactors: test vibratory exciter on/off, variable amplitude/frequency, propulsion, 
brake and operator-presence systems. Telehandlers and aerial work platforms: include boom extend/retract, 
platform controls, chassis steering, outriggers, collision avoidance and emergency lowering. 

Attachments may alter machine EMC behavior through long cables, new ECUs, cameras, powered implements 
and poorly bonded connectors. Build a configuration-family matrix that identifies representative worst-case 
attachments, longest cable runs, highest current operating modes and radio combinations. Confirm the limits 
of family test coverage in writing. 

On every machine, explicitly define operating-mode duty cycle, operator command, expected response, 
permissible temporary degradation, diagnostic channels, safety abort criteria and test reproducibility. 

36. Heavy-Equipment EMC Test Architecture and Setup 
Large EUT dimensions can exceed chamber turntables or practical antenna distances. Document use of OATS 
or suitable alternative sites, ground-plane conditions, antenna height and polarization, cable disposition, 
equipment boundaries, support-equipment placement, ambient signals and site validation appropriate to the 
selected standard. Do not imply that an informal open pad is automatically a compliant measurement site. 

For radiated emissions, capture ambient with machine off and on, survey the full machine perimeter, localize 
hotspots with near-field probes and current clamps, then perform formal measurements using the prescribed 
detector, bandwidth, distance, correction factors and limit. Distinguish exploratory scans from compliance-
grade results. 

For radiated RF immunity, establish field uniformity/calibration where required, select machine exposure faces 
and functional operating modes, log frequencies and modulations, and arrange safe shutdown. High-power 
field generation near large metal structures can create local hot spots; account for field distortion, personnel 
exclusion and test-setup uncertainty. 

For BCI and conducted immunity, select harness segments, injection probes and current monitoring positions 
consistent with the governing method. Evaluate engine harnesses, boom/attachment harnesses, joystick 
circuits, telematics, sensor networks and safety controller I/O. Document any deviations when full machine 
access prevents standard placement. 

37. High-Risk Coupling Paths and Mitigation Design 
Long unbalanced wires can behave as efficient RF antennas. An unintended splice or excess untwisted 
conductor near a limit switch can create a frequency-selective pickup path. The engineering remedy is not 
necessarily “more shielding”: investigate wire geometry, return-current path, connector transition, common-
mode impedance and controller input protection. 

CAN networks require correct termination, controlled stub length, twisted pair continuity, transceiver common-
mode range, grounding strategy and power filtering. RF-induced faults can appear as bus-off, corrupted frames, 
unintended output transitions or secondary software reactions. Use synchronized RF sweep logs and CAN 
traces to separate physical-layer upset from application logic. 
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PWM sensors may be sensitive to input filtering, voltage thresholds, overshoot, slow edges and ADC clipping. 
Changing input capacitance can improve or worsen edge timing depending on source impedance and pullups; 
calculate the RC constant and verify rise/fall time, duty-cycle accuracy, EMC robustness and both voltage 
variants with oscilloscope captures. Never assume a smaller capacitor automatically sharpens every edge. 

Inverters, DC/DC converters, solenoid drivers and motor brushes generate broadband and narrowband 
disturbances. Prioritize source suppression, power-return control, shield termination, enclosure bonding and 
filtering before adding ad hoc ferrites. Confirm thermal, surge, vibration and serviceability impacts of each 
mitigation. 

38. Functional Safety, Wireless Controls and Cyber-Physical 
Interactions 
An EMC pass based only on “machine still runs” is inadequate for equipment with safety-related control 
functions. Define hazardous failure modes using the machine risk assessment and relevant functional safety 
standards; specify objective observations such as no uncommanded actuation, bounded sensor deviation, 
safe-state response, retained emergency stop and recoverability after disturbance. 

Radio remote controls, telematics, GNSS/RTK, cellular modems, Wi-Fi and Bluetooth introduce intentional 
radiators and coexistence issues. Separate intentional transmitter emissions from unintentional digital noise, 
and confirm the applicable radio authorization route. For immunity, test loss-of-link, stale commands, 
watchdog expiry and reconnection behavior without exposing operators to unsafe movement. 

When a narrow emission peak falls within a cellular band, verify by correlating modem power state, antenna 
connection, network activity and spectral signature; do not infer a stuck transmitter from frequency alone. Use 
permitted transmitter disable modes and manufacturer guidance; avoid operating an unterminated transmitter. 

Preserve safety controller logs, RF test traces, video and timestamped machine-state data. A credible root-
cause narrative identifies source, coupling path, victim, observable effect, corrective action and regression 
evidence. 

39. Model-Family Qualification, Field Changes and Global Release 
Group machines by electrical architecture rather than marketing model name. Relevant change triggers include 
engine ECU or inverter replacement, alternate hydraulic valve coils, harness rerouting, controller firmware, 
telematics antenna, display, sensor supplier, optional attachment, battery pack, charger, metal enclosure or 
ground strap. 

Build a baseline matrix of worst-case configurations: maximum cable length, highest switching power, 
maximum installed radios, representative load, highest actuator activity and most sensitive safety function. 
Establish whether each variant needs full testing, targeted delta testing or engineering justification, subject to 
the governing conformity route. 

Create release records containing standards matrix, market applicability decision, representative EUT 
configuration, test plans, raw data, accredited or qualified laboratory reports as appropriate, deviations, 
uncertainty, issue log, corrective actions, risk analysis, technical documentation, marking/label artwork and 
declaration approval. 

For US, EU, GB, Canada, Australia/New Zealand and other destinations, review current official rules for the 
exact equipment category and wireless features. Regulatory pathways differ for off-road machinery, road 
vehicles, radio modules and machinery incorporating safety functions. The manufacturer or authorized 
compliance specialist must approve final market-specific conclusions. 
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Appendix F. Heavy Equipment EMC Operating-Mode Matrix 
Machine Representative modes Critical monitors Priority interference 

sources 

Crane Hoist, slew, luff, 
telescope, outriggers 

Load moment, brakes, 
limits, E-stop 

Boom cables, VFDs, 
radio remote 

Excavator Dig cycle, swing, track 
travel, aux hydraulics 

Neutral, travel, 
hydraulics, CAN faults 

Solenoids, inverters, 
telematics 

Mini dumper Travel, steer, tip, brake, 
reverse 

Travel enable, bed 
interlock, braking 

Motor drives, bed 
harness, alarms 

Wheel loader Lift, tilt, drive, quick 
coupler 

Attachment lock, 
operator presence 

Actuator wiring, display, 
ECU 

Roller Travel, vibratory modes, 
braking 

Exciter enable, brake, 
operator presence 

Exciter drive, alternator, 
harness 

Telehandler Boom, steering, 
platform, outriggers 

Envelope limits, tilt, 
emergency lowering 

Long boom harness, 
sensors, CAN 

Appendix G. Test Incident Record — Heavy Equipment 
• Record machine model, serial, firmware, attachments, engine speed, battery state, hydraulic pressure and 

ambient conditions. 
• Record applied test frequency, level, modulation, antenna/probe location, polarization, dwell, operating 

mode and operator command. 
• Capture actual movement, commanded movement, safety monitor response, CAN error counters, sensor 

values, diagnostic codes, time-stamped video and recovery method. 
• Assess immediate hazard and terminate exposure when abort criteria are reached. Retest corrective 

actions at the original failing condition and adjacent frequencies. 

Additional Reference Starting Points 
• ISO 13766-1 and ISO 13766-2: Earth-moving and building construction machinery EMC requirements; verify 

exact title, scope and current edition at iso.org. 
• UNECE Regulation No. 10: EMC provisions for vehicles/components when vehicle type approval applies; 

verify product category and applicable amendments at unece.org. 
• EU Machinery Regulation (EU) 2023/1230: consult EUR-Lex for application dates and transition provisions. 
• FCC Title 47 Parts 15 and 18; EU EMC Directive 2014/30/EU; EU Radio Equipment Directive 2014/53/EU; UK 

product conformity guidance: consult official sites and current amendments. 

Publication caution: All operating modes and hazards above are representative engineering examples, not test 
results for a named machine. Requirements and country acceptance routes must be validated for each product 
and date of placing on the market. 
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