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Generator Electrical Installation Guide: Complete Power
Integration, ATS Wiring, and Commissioning Manual

Introduction

Electrical integration is the most critical and complex aspect of generator installation. A generator is only as
reliable as its electrical system—the automatic transfer switch (ATS), power wiring, control wiring, grounding, and
protective devices that together ensure seamless transition from utility to standby power. Improper electrical
installation can result in generator damage (voltage imbalance, frequency instability), equipment damage (voltage
spikes, harmonic distortion), personnel hazards (electric shock, arc flash), and code violations (NEC, NFPA 110,
local electrical codes).

This comprehensive guide covers electrical installation for generator sets ranging from small residential standby
units (7-24 kW, 120/240V single-phase) to large industrial power plants (1000-2500+ kW, 480/600V three-phase).
We address power wiring (conductors, conduits, terminations), control wiring (sensors, actuators, communication),
grounding and bonding (safety, emc), protective devices (circuit breakers, fuses, relays), and commissioning
procedures (megohmmeter testing, relay coordination, load bank testing). Whether you are installing a simple
residential standby system or a complex paralleling switchgear for multiple generators, this guide provides the
methodology, calculations, and practical examples you need.

Generator electrical installation is not merely connecting wires. It requires understanding of power system analysis
(voltage drop, short circuit capacity, coordination), protection schemes (overcurrent, ground fault, differential),
control theory (sensing, logic, actuation), and codes and standards (NEC Article 700/701/702, NFPA 110, IEEE
241/446/446). A proper electrical installation ensures that when the utility fails, the generator starts, synchronizes,
and carries the load—and when utility returns, retransfers seamlessly without disrupting critical operations.

This guide is written for electrical contractors, electrical engineers, facility managers, and generator technicians
who need to design, install, or oversee generator electrical systems. We cover NEC (National Electrical Code),
NFPA 110 (Emergency and Standby Power Systems), IEEE standards (446 - Orange Book, 241 - Gray Book),
and manufacturer requirements. By following this guide, you will ensure your generator electrical installation is
safe, reliable, code-compliant, and ready to perform when called upon.

---

Compatible Generator Brands and Electrical Specifications

| Brand | Voltage Options | Frequency (Hz) | Power Factor | Typical Protection | Control Voltage |

|-------|----------------|----------------|--------------|-------------------|-----------------|

| Caterpillar | 120/208/240/480/600V | 50/60 | 0.8 lagging | Electronic (overcurrent, reverse power) | 120 VAC, 24
VDC |

| Cummins | 120/208/240/480/600V | 50/60 | 0.8 lagging | Electronic (overcurrent, differential) | 120 VAC, 24 VDC |

| Kohler | 120/208/240/480V | 50/60 | 0.8 lagging | Thermal-magnetic | 120 VAC, 12/24 VDC |

| MTU | 480/600/4160/13800V | 50/60 | 0.8-0.9 lagging | Differential, overcurrent | 120 VAC, 125 VDC |

| Generac | 120/240V (single-phase) | 60 | 1.0 (single-phase) | Thermal-magnetic | 120 VAC, 12 VDC |

| Perkins | 208/240/480V | 50/60 | 0.8 lagging | Electronic (per alternator) | 24 VDC |

---
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Technical Specifications and Design Criteria

| Design Parameter | Residential (≤50 kW) | Commercial (50-500 kW) | Industrial (500-2500+ kW) |

|------------------|----------------------|------------------------|---------------------------|

| Voltage Regulation | ± 5% no-load to full-load | ± 3% no-load to full-load | ± 1% no-load to full-load (isochronous)
|

| Frequency Regulation | ± 3% (isochronous governor) | ± 2% (isochronous governor) | ± 0.5% (digital governor) |

| Harmonic Distortion (THD) | ≤ 5% (linear load), ≤ 15% (non-linear) | ≤ 5% (linear load), ≤ 10% (non-linear) | ≤ 3%
(linear load), ≤ 5% (non-linear) |

| Power Factor (nominal) | 1.0 (single-phase), 0.8 (three-phase) | 0.8 lagging | 0.8-0.9 lagging |

| Neutral Grounding | Solidly grounded (4-wire) | Solidly grounded (4-wire) | Solidly grounded or resistance
grounded (4-wire) |

| Grounding Electrode Conductor | 6 AWG (copper) minimum | 4 AWG (copper) per NEC 250.66 | 2 AWG (copper)
or larger |

| Conductor Insulation | THHN/THWN-2 (90°C) | THHN/THWN-2 (90°C) | XLPE (90°C) or EPR (105°C) |

| Conduit Fill | ≤ 40% (1 conductor), ≤ 40% (2 conductors), ≤ 40% (3+ conductors) | ≤ 40% | ≤ 40% |

| Voltage Drop (maximum) | 3% feeder, 5% total | 3% feeder, 5% total | 2% feeder, 3% total (critical) |

| Short Circuit Rating | 10,000 AIC (amperes interrupting capacity) | 65,000 AIC | 100,000 AIC (with current limiting
fuses) |

| Protective Device | Thermal-magnetic breaker | Electronic trip breaker | Differential relay, overcurrent relay |

| Control Wiring | 18-22 AWG, shielded twisted pair | 16-18 AWG, shielded twisted pair | 14-16 AWG, shielded
twisted pair (400V control) |

---

Step-by-Step Electrical Installation Procedure

Phase 1: Power System Design and Coordination (Week 1)

Step 1: Load Calculation and Generator Sizing (Revisited)

While generator sizing was covered in the Installation Guide, electrical design requires detailed load analysis
including:

1. Load Profile: Steady-state load, starting (surge) load, harmonic content

2. Load Classification: Critical (must be powered), essential (should be powered), non-essential (can be shed)

3. Load Shedding Scheme: If generator is undersized, design automatic load shedding (BAS signal, ATS load
shed contacts)

4. Unbalanced Load: For three-phase generators, limit neutral current to ≤ generator rating (typically 100%
unbalanced for 4-wire, 50% for 3-wire delta)

Step 2: Short Circuit Study and Protective Device Coordination

Before installing protective devices, calculate available short circuit current at generator terminals and ATS.

1. Generator Subtransient Reactance (X"d): From manufacturer data (typically 10-20% for diesel generators)
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2. Short Circuit Contribution: Generator contributes 3-6× full load current (depends on X"d)

3. Calculate Available Short Circuit Current:

• I_sc = (Generator FLA × 100) / %X"d

• Example: 500 kW generator, 480V, 3-phase, FLA = 601 amps, X"d = 15%:

• I_sc = (601 × 100) / 15 = 4,007 amps

4. Select Protective Devices with Adequate AIC Rating:

• Breaker AIC must be ≥ available short circuit current

• Example: 4,007 amps available, select 65,000 AIC breaker (standard for 480V systems)

5. Coordination Study:

• Use software (ETAP, SKM) or hand calculations to coordinate protective devices

• Goal: Select pickup and time dial settings such that only the faulted circuit breaker trips (not upstream breakers)

• Provide selective coordination (NEC 700.28 for emergency systems)

Step 3: Voltage Drop Calculation

Verify that voltage drop at the farthest load does not exceed NEC recommendations (3% for feeders, 5% total).

1. Voltage Drop Formula (NEC Chapter 9, Table 8):

• V_drop = (2 × K × I × L) / CM (for single-phase)

• V_drop = (√3 × K × I × L) / CM (for three-phase)

• Where: K = 12.9 (copper), I = load current (amps), L = one-way length (feet), CM = circular mils (from NEC Table
8)

2. Example: 500 kW generator, 480V, 3-phase, 150 feet to ATS, using 500 kcmil copper:

• I = 601 amps

• CM = 500,000 (500 kcmil)

• V_drop = (√3 × 12.9 × 601 × 150) / 500,000 = 4.0 volts

• % V_drop = (4.0 / 480) × 100 = 0.83% (acceptable, < 3%)

3. If Voltage Drop Exceeds Limit: Increase conductor size (next larger kcmil), reduce length (relocate ATS closer
to generator), or increase voltage (if generator has tap settings)

Phase 2: Conduit and Wiring Installation (Week 2-3)

Step 4: Conduit Selection and Installation

Conduit protects conductors from physical damage, provides grounding path (if metallic), and allows future wire
pulls.

1. Conduit Type Selection:

• Rigid Metal Conduit (RMC): Heavy-duty, threaded, best for outdoor, hazardous locations

• Intermediate Metal Conduit (IMC): Lighter than RMC, easier to install, adequate for most applications

• Electrical Metallic Tubing (EMT): Lightweight, easy to bend, suitable for indoor (dry locations)

• PVC Conduit: Non-metallic, corrosion-resistant, suitable for underground, wet locations (use Schedule 80 for
physical protection)

• Liquidtight Flexible Conduit: For connections to generator and ATS (allow for vibration, thermal expansion)
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2. Conduit Sizing (NEC Chapter 9, Table 5): Calculate conduit fill:

• 1 conductor: ≤ 53% (NEC Annex C)

• 2 conductors: ≤ 31%

• 3+ conductors: ≤ 40%

• Example: (3) 500 kcmil THHN conductors, using EMT:

• Conductor area (NEC Table 5): 500 kcmil THHN = 0.7073 in² (each)

• Total conductor area = 3 × 0.7073 = 2.1219 in²

• Required conduit area = 2.1219 / 0.40 = 5.30 in²

• Select 3" EMT (area = 6.49 in², NEC Table 4)

3. Conduit Installation:

• Support conduit every 10 feet (horizontal) and within 3 feet of boxes (NEC 358.30)

• Bend conduit with proper radius (NEC Table 2, Chapter 9: minimum bend radius = 6× conduit diameter for 1-2"
conduit, 8× for 2.5-4" conduit)

• Use sweeps (not 90° elbows) for long runs (easier to pull wires)

• Seal conduit at generator and ATS (prevent water/moisture ingress, use expanding foam or duct seal)

Step 5: Conductor Selection and Pulling

Select conductors based on ampacity (NEC Table 310.15(B)(16)), voltage rating, and insulation type.

1. Ampacity Calculation:

• Generator full load current (FLA) = (kW × 1000) / (√3 × V × PF)

• Example: 500 kW, 480V, PF = 0.8: FLA = (500 × 1000) / (1.732 × 480 × 0.8) = 752 amps

• Conductor ampacity must be ≥ FLA (with temperature correction, if applicable)

• For 752 amps, select (3) 500 kcmil parallel conductors per phase (each 500 kcmil rated 380 amps at 75°C, 380 ×
2 = 760 amps, adequate)

2. Conductor Insulation:

• THHN/THWN-2: Most common, 90°C rating, suitable for dry and wet locations

• XHHW-2: Cross-linked polyethylene, 90°C rating, more resistant to heat and moisture

• USE-2: Underground service entrance, sunlight-resistant, suitable for direct burial

3. Conductor Pulling:

• Pull conductors with proper lubricant (polymer-based, not soap-based which dries and becomes abrasive)

• Use pulling grip (on conductor insulation, not on bare conductor)

• Monitor pulling tension (NEC recommends ≤ 1000 lbs for 4 AWG and larger, use tension meter)

• Use anti-oxidation compound on aluminum conductors (Noalox, Penetrox)

• Verify conductor continuity after pull (megohmmeter test, > 1 megaohm to ground)

Step 6: Terminations and Torquing

Proper terminations are critical for reliable operation (loose connections cause overheating, fires).

1. Lug Selection:

• Use lugs rated for conductor size and type (copper or aluminum)

• Use bi-metallic lugs (copper/aluminum) for aluminum conductors (prevent galvanic corrosion)
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• Verify lug torque rating (from manufacturer)

2. Conductor Preparation:

• Strip insulation (use proper tool, do not nick conductor strands)

• Clean conductor (wire brush for aluminum, emery cloth for copper)

• Apply anti-oxidation compound (for aluminum)

• Insert into lug, tighten set screw or compression bolt

3. Torque Verification:

• Use calibrated torque wrench (critical for high-current connections)

• Torque to manufacturer specification (typically 50-300 ft-lbs for 500 kcmil)

• Use crisscross pattern for multiple bolts (distribute pressure evenly)

• Mark torque marks (paint or marker, verify no movement after energization)

• Perform thermographic scan after energization (verify no hot spots)

Phase 3: Grounding and Bonding (Week 4)

Step 7: Grounding Electrode System

Proper grounding protects personnel (electric shock) and equipment (voltage surges, lightning).

1. Grounding Electrode Conductor (GEC):

• Connect generator frame to building grounding electrode (ground rod, ufer ground, metal water pipe)

• Size per NEC Table 250.66 (based on service entrance conductor size)

• Example: Service entrance = 500 kcmil copper, GEC = 2 AWG copper (per Table 250.66)

2. Equipment Grounding Conductor (EGC):

• Run with power conductors (in same conduit)

• Provide equipment ground for generator frame, ATS enclosure, conduit, etc.

• Size per NEC Table 250.122 (based on overcurrent device rating)

• Example: 800-amp breaker, EGC = 1/0 AWG copper (per Table 250.122)

3. Neutral Grounding:

• For 4-wire systems (120/208V, 277/480V), ground neutral at generator (solidly grounded)

• For 3-wire delta systems (480V delta), may float neutral (consult NEC and local code)

• Do NOT ground neutral at both generator and ATS (creates parallel path, circulating currents)

4. Ground Resistance Testing:

• Measure ground resistance (fall-of-potential method, per NEC 250.53(A)(2))

• Goal: ≤ 5 ohms for commercial/industrial, ≤ 25 ohms for residential (NEC 250.56)

• If resistance too high, add ground rods (space 6 feet apart, connect with GEC)

Step 8: Bonding of Non-Current Carrying Metal Parts

Bond all metal parts to prevent electric shock (touch potential).

1. Bond Generator Enclosure: Connect to GEC (separate conductor, not conduit)

2. Bond ATS Enclosure: Connect to GEC (same as generator)
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3. Bond Conduit: Metallic conduit is acceptable as EGC (NEC 250.118), 4. Bond Fuel System: Bond fuel pipes,
tank (prevent static discharge ignition)

5. Verify Continuity: Test resistance between all bonded parts (< 0.1 ohm, per NEC 250.53(A)(2))

Phase 4: Automatic Transfer Switch (ATS) Installation (Week 5)

Step 9: ATS Selection and Sizing

The ATS is the heart of the generator system, sensing utility failure and transferring load to generator.

1. ATS Type Selection:

• Open Transition (Break-Before-Make): Briefly interrupts power (50-100 ms), most common, least expensive

• Closed Transition (Make-Before-Break): Seamless transfer (parallels utility and generator for 50-100 ms),
required for sensitive loads (data centers, hospitals), more expensive

• Soft Load (Ramp-Up/Down): Gradual transfer (generators ramp up/down over 10-30 seconds), minimizes
voltage/frequency transients, used for paralleling systems

2. ATS Rating:

• Ampere rating ≥ load current (with 125% margin for continuous loads, NEC 700.5)

• Voltage rating = system voltage (120/208V, 277/480V, etc.)

• Withstand rating (short circuit) ≥ available fault current (coordination study)

• For 500 kW, 480V system, FLA = 752 amps, select 800-amp ATS (next standard size)

3. ATS Configuration:

• 2-Pole (Single-Phase): Switches L1 and L2 (and N if 4-wire)

• 3-Pole (Three-Phase): Switches L1, L2, L3 (and N if 4-wire)

• 4-Pole (4-Wire): Switches L1, L2, L3, N (required for 120/208V or 277/480V systems with single-phase loads)

Step 10: ATS Installation and Wiring

1. ATS Mounting:

• Wall-mount: Use Unistrut or angle iron backing (≥ 12 AWG steel)

• Pad-mount: Concrete pad (4-6 inches, level)

• Clearance: 36" front, 30" sides (NEC 110.26, working space)

2. Power Wiring (Utility Source to ATS to Load):

• Utility source: Connect to ATS utility terminals (L1, L2, L3, N)

• Generator source: Connect to ATS generator terminals (L1, L2, L3, N)

• Load: Connect to ATS load terminals (L1, L2, L3, N)

• Tighten lugs to torque specification (calibrated torque wrench)

• Apply anti-oxidation compound on aluminum conductors

3. Control Wiring (ATS to Generator):

• Sensors: Utility voltage sensor, generator voltage sensor (signals to ATS logic)

• Actuators: Generator start/stop, ATS transfer/retrofit (relay contacts)

• Status: ATS position (utility/gen), generator running, alarm contacts (to BAS)

• Wiring: Use shielded twisted pair (18-22 AWG), in separate conduit from power wiring (EMI separation)
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4. ATS Programming (if microprocessor-controlled):

• Set utility voltage pickup/dropout (typically 90%/80% of nominal)

• Set time delay (utility fail to start generator: 0-5 seconds; generator ready to transfer: 5-30 seconds; utility return
to retransfer: 5-30 minutes)

• Set exercise schedule (weekly, same time each week)

• Set load shed settings (if ATS has load shed contacts)

Phase 5: Generator Control Wiring and Commissioning (Week 6-7)

Step 11: Generator Control Panel Wiring

Modern generators have sophisticated control panels (Deep Sea, ComAp, Woodward, or manufacturer
proprietary) that monitor and control all generator functions.

1. Sensors:

• Oil pressure: 0-100 PSI, 4-20 mA output (shutdown if < 10 PSI, typically)

• Coolant temperature: 0-250°F, 4-20 mA output (shutdown if > 220°F, typically)

• Engine speed (RPM): Magnetic pickup (MPU) or encoder (shutdown if overspeed > 110% rated)

• Battery voltage: 0-30 VDC, measured at control panel (alarm if < 11 VDC for 12V system)

• Fuel level: 0-100%, 4-20 mA output (alarm if < 25%, critical alarm if < 10%)

2. Actuators:

• Start relay: Closes to crank engine (12/24 VDC to starter solenoid)

• Stop relay: Closes to shut off fuel (solenoid on fuel pump or injector pump)

• Governor actuator: 4-20 mA signal to governor (control speed, frequency)

• Voltage regulator: 0-5 VDC signal to AVR (automatic voltage regulator, control voltage)

3. Communication:

• Local display: LCD screen on generator (shows status, alarms, parameters)

• Remote monitoring: RS-485 (Modbus), Ethernet (TCP/IP), or cellular modem (monitor from remote location)

• Building Automation System (BAS): Contacts for status (running, alarm), control (remote start/stop), analog
(load, voltage, frequency)

Step 12: Pre-Start Electrical Checks

Before starting the generator, perform comprehensive electrical verification:

1. Insulation Resistance Test (Megohmmeter):

• Test generator windings to ground (should be > 1 megaohm, per NETA ATS-2009)

• Test power wiring to ground (same criterion)

• Test control wiring to ground (should be > 100 megaohms, lower due to electronic devices)

• Use 500V or 1000V megohmmeter (do NOT test electronic devices, disconnect before testing)

2. Continuity Test:

• Verify all power conductors continuous (no open circuits)

• Verify all control wires continuous (no open circuits)

• Verify no short circuits (between phases, phase to ground)
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3. Polarity and Phasing:

• Verify A, B, C phase rotation (use phase sequence meter)

• Verify generator phase rotation matches utility phase rotation (critical for paralleling, also prevents reverse
rotation of motors)

• Verify neutral is properly identified (white wire, grounded at generator)

4. Voltage Verification:

• With generator off, verify utility voltage at ATS (should be 480V ± 5%)

• Verify ATS in utility position (should pass utility voltage to load)

• Verify no voltage at generator terminals (ATS isolates generator when on utility)

Step 13: Generator Start and Synchronization (if Paralleling)

For single generator systems, start generator and verify parameters. For paralleling systems (multiple generators,
or generator paralleled with utility), synchronize before closing breaker.

1. Single Generator Start:

• Initiate start signal (from ATS or manual switch)

• Verify engine cranks (starter engages, engine rotates)

• Verify oil pressure builds within 10 seconds (if not, shutdown, investigate)

• Verify no alarms (check control panel)

• Let engine warm up (5-10 minutes, or until coolant temperature > 140°F)

• Close generator breaker (apply load)

2. Paralleling (if applicable):

• Verify generator voltage matches utility voltage (± 5%)

• Verify generator frequency matches utility frequency (± 0.5 Hz)

• Verify phase rotation matches (A-B-C)

• Verify phase angle (synchroscope, or "dark lamp" method)

• Close paralleling breaker (at 0° phase angle, synchroscope at 12 o'clock)

• Share load (adjust governor setpoints, proportion load based on generator capacity)

Step 14: Load Testing and Performance Verification

After generator is running and carrying load, verify performance:

1. Voltage Regulation:

• Measure voltage at no-load: Should be 480V ± 5% (456-504V)

• Measure voltage at full load: Should be 480V ± 3% (466-494V) for commercial, ± 1% (475-485V) for industrial

• If voltage regulation inadequate, adjust AVR (automatic voltage regulator) setpoint or stability adjustment

2. Frequency Regulation:

• Measure frequency at no-load: Should be 60 Hz ± 0.5 Hz (59.5-60.5 Hz)

• Measure frequency at full load: Should be 60 Hz ± 0.5 Hz (isochronous governor maintains frequency)

• If frequency regulation inadequate, adjust governor (speed setting, stability adjustment)

3. Harmonic Distortion:

• Measure voltage THD (total harmonic distortion) with power quality analyzer
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• Should be ≤ 5% for linear loads, ≤ 15% for non-linear loads (NEMA MG 1-2016)

• If THD too high, check for non-linear loads (VFDs, computers, LED lighting), consider harmonic filters

4. Load Bank Test:

• Connect portable load bank (resistive, 100-125% of generator rating)

• Step load to 25%, 50%, 75%, 100%, 110% (if allowed by manufacturer)

• Verify stable operation at each step (voltage, frequency, temperature, oil pressure)

• Hold full load for 2-4 hours (verify cooling system adequacy)

• Perform voltage and frequency regulation tests under load bank (same as above)

Phase 6: Documentation and Training (Week 8)

Step 15: As-Built Drawings and Documentation

1. As-Built Electrical Drawings:

• One-line diagram (show generator, ATS, main distribution panel, loads)

• Control wiring diagram (show all sensors, actuators, communication links)

• Conduit and cable schedule (show conduit sizes, conductor sizes, lengths)

• Update drawings to reflect any field changes (different conduit routing, different wire sizes)

2. Test Reports:

• Insulation resistance test report (megohmmeter readings)

• Voltage drop test report (measure voltage at generator and at farthest load)

• Short circuit study and coordination report

• Load bank test report (voltage, frequency, temperature at each load step)

3. Operation and Maintenance Manuals:

• Generator control panel manual (Deep Sea, ComAp, etc.)

• ATS manual (transfer switch operation, programming)

• Maintenance schedule (daily, weekly, monthly, annually)

• Troubleshooting guide (alarm codes, probable causes, corrective actions)

Step 16: Training and Handover

1. Training for Facility Staff:

• Generator operation (manual start/stop, ATS operation)

• Alarm response (what to do if alarm sounds)

• Monthly inspection (check fluid levels, battery, alarms)

• Annual maintenance (oil change, filter change, load bank test)

2. Handover to Owner:

• Provide all manuals, drawings, test reports

• Provide warranty certificates (generator, ATS, installation)

• Provide emergency contact list (manufacturer, dealer, service provider)

• Demonstrate operation (start generator, transfer load, retransfer to utility)
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---

Download PDF Section

The complete Generator Electrical Installation Guide PDF is available for free download. This comprehensive
manual includes all electrical design calculations, one-line diagram templates, ATS wiring schematics, and
commissioning checklists.

File Details:

• Format: PDF (Portable Document Format)

• Size: 28.5 MB

• Pages: 198 pages

• Language: English

• Compatibility: Windows, macOS, Linux, iOS, Android

Download Link: [Generator-Electrical-Installation-Guide-Complete-Manual.pdf]()

What's Included in the PDF:

1. Electrical design flowchart

2. Load calculation spreadsheet (Excel)

3. Voltage drop calculator (NEC Chapter 9)

4. Conduit fill calculator (NEC Chapter 9, Table 5)

5. ATS selection guide (Open vs. Closed transition)

6. Generator control wiring diagrams (multiple manufacturers)

7. Commissioning test forms (fillable PDF)

8. Short circuit study template (ETAP/SKM import)

9. Maintenance log templates

10. Troubleshooting guide (alarm codes, flowcharts)

---

Frequently Asked Questions (FAQs)

1. What size conductor do I need for a 500 kW generator?

For a 500 kW, 480V, 3-phase generator:

• Full load current = (500,000) / (1.732 × 480 × 0.8) = 752 amps

• Required ampacity = 752 amps (with 125% margin for continuous loads = 940 amps)

• Conductor selection: (3) 500 kcmil parallel per phase (each 500 kcmil rated 380 amps at 75°C, 380 × 2 = 760
amps, adequate for 752 amps; use 3 parallel for 940 amps)

• Conductor type: THHN/THWN-2 (90°C rating, 75°C termination rating per NEC 110.14(C)(1)(b))

• Install per NEC (conduit fill ≤ 40%, support every 10 feet, etc.)
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2. Can I use aluminum conductors for generator power wiring?

Yes, but copper is preferred for large generators (> 100 kW) because:

1. Aluminum has higher resistance (larger conductor required for same ampacity)

2. Aluminum oxidizes quickly (requires anti-oxidation compound, bi-metallic lugs)

3. Aluminum is more prone to thermal expansion (loose connections, overheating)

If using aluminum:

• Size per NEC Table 310.15(B)(16) (aluminum column, lower ampacity than copper)

• Use bi-metallic lugs (copper/aluminum) at terminations

• Apply anti-oxidation compound (Noalox, Penetrox)

• Torque to specification (aluminum creeps, may need retorquing after first heat cycle)

3. What is the difference between 3-pole and 4-pole ATS?

3-pole ATS: Switches only the phase conductors (L1, L2, L3), neutral is solidly connected to both utility and
generator (common neutral). Used for 3-wire systems (480V delta, no single-phase loads) or 4-wire systems
where neutral is not switched (some codes allow common neutral if generator and utility are same source, but this
is not recommended due to circulating currents).

4-pole ATS: Switches phase conductors and neutral (L1, L2, L3, N). Used for 4-wire systems (120/208V,
277/480V) with single-phase loads. Isolates neutral when on generator (prevents circulating currents, allows
different grounding schemes for utility and generator).

For most installations, 4-pole ATS is recommended (safer, more flexible, complies with NEC 700.10 for
emergency systems).

4. How do I size the grounding electrode conductor (GEC) for a generator?

Size GEC per NEC Table 250.66, based on the size of the service entrance conductor (not the generator
conductor).

• Example: Service entrance = 500 kcmil copper, GEC = 2 AWG copper (Table 250.66)

• If service entrance is larger than 1100 kcmil copper, GEC = 2/0 AWG copper (Table 250.66)

• GEC must be copper (NEC 250.62, copper preferred, aluminum allowed under certain conditions)

• GEC must be continuous (no splices, or splices must be irreversible, e.g., exothermic weld)

5. What causes a generator to backfeed the utility?

Backfeeding occurs when a generator is connected to the utility system without proper isolation (open (transfer
switch, main breaker) and the generator feeds power back to the utility grid. This is extremely dangerous (linemen
working on wires think they are de-energized, can be electrocuted).

Prevention:

1. Use listed ATS: Open transition ATS ensures utility and generator are never connected simultaneously
(break-before-make)
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2. Install main breaker interlock: If using manual transfer switch, install mechanical interlock (prevents main
breaker and generator breaker from being closed simultaneously)

3. Utility lockout: Some ATS have utility disconnect that locks open when generator is running (prevent utility from
closing back on)

6. Can I parallel two generators for more power?

Yes, but requires sophisticated paralleling switchgear:

1. Voltage Matching: Generator voltage must match (± 5%)

2. Frequency Matching: Generator frequency must match (± 0.5 Hz)

3. Phase Matching: Generator phase angle must match (0° phase difference)

4. Load Sharing: Generators must share kW and kVAR proportionally (adjust governor and AVR setpoints)

5. Protection: Each generator must have overcurrent, reverse power, and differential protection (prevent one
generator from motoring, damaging prime mover)

Paralleling is typically done for:

• Increased capacity (add generators as load grows)

• Redundancy (N+1, one generator can be down for maintenance)

• Load management (run multiple generators at optimal load factor)

7. What is an open transition vs. closed transition ATS?

Open transition (Break-Before-Make): ATS briefly opens the utility breaker, then closes the generator breaker
(50-100 ms interruption). This is the most common type, least expensive, adequate for most loads (lights blink,
motors coast).

Closed transition (Make-Before-Break): ATS briefly closes both utility and generator breakers (paralleling for
50-100 ms), then opens utility breaker. This provides seamless transfer (no interruption), required for sensitive
loads (data centers, hospitals, semiconductor manufacturing). More expensive (requires synchronization
equipment), and subject to additional code requirements (NFPA 110, Type 10).

8. How do I adjust ATS time delays?

ATS time delays are programmable (if microprocessor-controlled) or set via DIP switches (if electromechanical).

1. Utility fail to start generator: Typically 0-5 seconds (adjustable, set to 2-3 seconds to prevent nuisance starts
due to brief utility sags)

2. Generator ready to transfer: Typically 5-30 seconds (adjustable, set to 10-15 seconds to allow generator to
stabilize)

3. Utility return to retransfer: Typically 5-30 minutes (adjustable, set to 15-20 minutes to ensure utility is stable)

4. Exercise schedule: Typically weekly, same day and time (adjustable, set to time when building load is low, e.g.,
Wednesday 2:00 PM)

Consult ATS manual for specific programming instructions.

9. What is a load shed relay, and when do I need one?
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A load shed relay monitors generator load and automatically disconnects non-essential loads if generator
approaches overload.

• When needed: If generator is undersized for total building load (cannot carry all loads simultaneously)

• How it works: Relay measures generator kW output, compares to setpoint (e.g., 80% of generator capacity). If
load exceeds setpoint, relay opens contact to shed non-essential loads (pre-programmed, e.g., disconnect HVAC,
lighting)

• Installation: Connect relay to ATS load shed contacts (terminals), wire to control power to non-essential loads
(contact closes to shed load)

Load shedding is preferable to generator overload (which causes shutdown, exactly when you need power most).

10. How do I test a generator under load without a load bank?

You can test a generator under load by using building loads (if building has sufficient load).

1. Transfer building load to generator: During a planned outage (coordinated with building occupants), transfer
ATS to generator.

2. Monitor generator parameters: Voltage, frequency, temperature, oil pressure, load (kW, kVAR)

3. Add load if insufficient: Turn on all lights, HVAC, elevators, etc. (maximum building load)

4. Hold for 1-2 hours: Verify stable operation

5. Retransfer to utility: After test, retransfer ATS to utility

If building load is insufficient (< 50% of generator capacity), rent a portable load bank (resistive, 100-125% of
generator rating). Connect via cam-lok connectors.

11. What is the purpose of a neutral grounding resistor (NGR)?

An NGR is used in high-resistance grounded (HRG) systems (typically > 1000 kW, industrial). Purpose:

1. Limit ground fault current: In solidly grounded systems, ground fault current can be very high (3-6× FLA),
causing equipment damage, arc flash hazard.

2. In HRG systems, NGR limits ground fault current to 5-10 amps: This allows continued operation with a ground
fault (alarm only, does not trip breaker), providing higher reliability (critical processes).

3. Detect ground faults: Use ground fault relay (measures current through NGR), alarm on ground fault
(maintenance can locate and repair fault during scheduled outage).

NGR is sized to limit ground fault current to 5-10 amps (typically 5-10 ohms for 480V systems). Consult IEEE 142
(Green Book) for HRG design.

12. Can I install a generator in an MCC (Motor Control Center) line-up?

Yes, but requires careful integration:

1. Generator breaker must be in same line-up as main breaker: Typically, main breaker is in first section,
generator breaker in last section (or separate section).

2. Mechanical interlock: Prevent main breaker and generator breaker from closing simultaneously (backfeed
prevention).

3. Control wiring: Generator start/stop, ATS control, must be integrated with MCC control system (typically via
PLC).
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4. Protection: Generator breaker must have same protection as main breaker (overcurrent, ground fault, etc.).

This arrangement is common for small commercial buildings (< 500 kW) where space is limited. For larger
installations, separate ATS and generator switchgear is preferred.

13. What is the difference between a service-rated and non-service-rated ATS?

Service-rated ATS: Includes a main breaker or fused disconnect on the utility side, allowing it to serve as the
service entrance equipment. Required when the generator is the only source of power (no separate service
disconnect) or when local code requires service entrance rated equipment.

Non-service-rated ATS: Does not have main breaker, must be installed downstream of existing service
disconnect. Less expensive, adequate if service entrance is separate.

For most commercial installations, service-rated ATS is preferred (simplifies installation, provides single point of
disconnect).

14. How do I size the control wiring for a generator?

Control wiring is typically low current (4-20 mA sensors, 12/24 VDC actuators), 1. Sensor wiring: 18-22 AWG,
shielded twisted pair (prevent EMI from power wiring). Shield must be grounded at one end only (prevent ground
loops).

2. Actuator wiring: 16-18 AWG, depending on relay coil voltage and current (12 VDC, 24 VDC, 120 VAC
common).

3. Communication wiring: RS-485 (Modbus): 24 AWG twisted pair, shielded, max 4000 feet (with repeaters).
Ethernet: Cat 5e or Cat 6, max 100 meters (330 feet).

4. Voltage drop: For 24 VDC control, keep voltage drop < 5% (use larger AWG if run > 100 feet).

15. What maintenance does generator electrical system require?

Maintenance tasks:

1. Monthly: Inspect ATS (verify position, check for alarm), test generator exercise (verify starts, transfers, runs)

2. Quarterly: Measure insulation resistance (megohmmeter), verify control wiring connections (tighten), test ATS
operation (simulate utility fail)

3. Annually: Load bank test (verify carries full load), calibrate sensors (compare to calibrated meter), verify ground
resistance (fall-of-potential test)

4. Every 3-5 years: Overhaul ATS (clean contacts, adjust timing), retorque power terminations (thermal cycling
loosens connections), perform infrared scan (detect hot spots)

Keep maintenance log (required for warranty, code compliance).

---

Related Downloads

Complete your generator electrical installation with these additional resources:
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1. [Generator Installation Guide PDF]() - Comprehensive installation manual covering all aspects of generator
setup, including electrical integration.

2. [Generator Foundation Design Guide PDF]() - Foundation design manual, including grounding electrode design
for generator foundations.

3. [Generator Room Ventilation Design PDF]() - Ventilation design guide, including ventilation for electrical rooms
(generator control panel, ATS).

4. [Generator Fuel System Installation Guide PDF]() - Fuel system design, including fuel system electrical controls
(shutdown, alarms).

5. [Generator Exhaust System Installation PDF]() - Exhaust system design, including separation distance from
electrical equipment (arc flash hazard).

6. [Generator Cooling System Installation PDF]() - Cooling system design, including cooling fan electrical controls
(interlocked with generator).

7. [ATS Installation Guide PDF]() - Comprehensive ATS installation manual (this document is the primary
reference for ATS installation).

8. [Containerized Generator Installation PDF]() - Containerized generator installation, including integrated
electrical switchgear in container.

9. [Soundproof Enclosure Installation Guide PDF]() - Acoustic enclosure installation, including electrical
penetrations (maintain sound rating, fire rating).

10. [Generator Commissioning Checklist PDF]() - Commissioning checklist that includes electrical system testing
and verification procedures.

11. [NEC Article 700/701/702 Compliance Guide PDF]() - Summary of NEC requirements for emergency, legally
required standby, and optional standby power systems.

12. [IEEE 241 (Gray Book) Power Quality Guide PDF]() - Guide to power quality monitoring and mitigation for
generator systems (voltage regulation, harmonics, grounding).

13. [Short Circuit Study Spreadsheet (Excel)]() - Excel spreadsheet for calculating available short circuit current
and selecting protective devices.

14. [ATS Programming Guide PDF]() - Guide to programming microprocessor-based ATS (setpoints, time delays,
communication settings).

15. [Generator Control Panel Wiring Diagram Templates (AutoCAD)]() - Editable AutoCAD templates for
generator control panel wiring (Deep Sea, ComAp, Woodward, etc.).

---

Conclusion

Generator electrical installation is a complex, safety-critical discipline that requires knowledge of power system
analysis, protective devices, control theory, and codes and standards. A properly installed electrical system
ensures that when the utility fails, the generator starts, synchronizes, and carries the load seamlessly—and when
utility returns, retransfers without disrupting operations. This guide has provided you with the methodology,
calculations, and practical examples needed to install electrical systems for generators of all sizes.
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Remember that generator electrical installation is not a DIY project. It requires knowledge of the NEC, NFPA 110,
and local electrical codes, as well as experience with high-voltage, high-current power systems. Always engage a
licensed electrical contractor and have the installation permitted and inspected by the local Authority Having
Jurisdiction (AHJ). The cost of professional installation is insignificant compared to the risks of improper
installation: electric shock, arc flash, fire, generator damage, and code violations.

Key takeaways from this guide:

1. Perform short circuit study and coordination. Select protective devices with adequate AIC rating, coordinate
settings for selective tripping.

2. Calculate voltage drop. Keep drop < 3% for feeders, < 5% total. Increase conductor size if drop too high.

3. Install proper grounding and bonding. Ground generator frame, bond all metal parts, verify ground resistance ≤
5 ohms.

4. Use 4-pole ATS (for 4-wire systems). Isolate neutral when on generator (prevent circulating currents).

5. Torque all terminations. Use calibrated torque wrench, mark torque marks, perform thermographic scan after
energization.

6. Test under load. Use load bank or building load, verify voltage regulation, frequency regulation, harmonic
distortion.

7. Maintain the system. Regular maintenance (inspect ATS, test generator, measure insulation resistance) is
essential for reliable operation.

By following the procedures outlined in this guide and adhering to applicable codes and standards, you can install
a generator electrical system that provides decades of safe, reliable service. Invest the time and effort in proper
design and installation—your generator will reward you with uninterrupted power when you need it most.

---
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