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Introduction

The generator control panel is the central command center of any diesel or gas generator set. It houses the
engine controller, protective relays, circuit breakers, meters, and operator interface that together manage the
generator's operation from startup through shutdown. The control panel wiring diagram is the definitive reference
for how all these components interconnect — from the engine sensors and battery system to the main output
breaker and communication ports. A properly wired control panel ensures reliable automatic operation, accurate
protection, and safe human interaction with the generator set.

This comprehensive guide covers the complete wiring architecture of a standard generator control panel,
applicable to generator sets from 10 kVA to 2000+ kVA. We break down the wiring into functional subsystems:
engine control, AC power generation, battery and charging, protection and alarms, instrumentation, and
communications. Each section provides detailed connection diagrams, accurate pin assignments for common
controllers, and technical specifications. The content is designed for electrical engineers, panel builders,
commissioning technicians, and generator service professionals who need an authoritative reference for control
panel wiring.

Modern generator control panels integrate a microprocessor-based controller (such as DeepSea DSE, SmartGen
HGM/Intelligent, or ComAp InteliGen series) that manages the entire generator operation. The controller accepts
inputs from engine sensors (oil pressure, coolant temperature, speed), monitors generator electrical parameters
(voltage, current, frequency, power), and controls outputs (fuel solenoid, starter motor, glow plugs, alarm relays).
Understanding how each of these signals is wired is fundamental to building a reliable generator control system.

Generator Control Panel Wiring Connection Details

Engine Control System Wiring

The engine control subsystem is responsible for starting, stopping, and protecting the engine. It interfaces with
engine-mounted sensors and actuators through the controller's I/O terminals.

Start/Run Circuit:

| Component | Controller Terminal | Signal | Wire Color | Notes |

I I I I I I
| Start Relay Output | Start Output (+12/24V) | Crank signal | Yellow (2.5 mm?) | Energizes starter solenoid |

| Fuel Relay Output | Fuel Output (+12/24V) | Run signal | Yellow (2.5 mm?) | Energizes fuel shutoff solenoid |
| Glow Plug Output | Glow Output (+12/24V) | Preheat | Red (2.5 mm?) | Optional, for cold climates |
| Auxiliary Output 1 | Aux 1 Output | Programmable | Yellow (1.5 mm?) | e.g., fuel pump |

Engine Protection Sensors (Digital):

| Sensor Type | Signal | Controller Input | Normal State | Fault State |

I I I I I I
| Low Oil Pressure | NC switch to ground | Configurable Input | Closed (oil OK) | Open (low pressure) |

| High Coolant Temp | NC switch to ground | Configurable Input | Closed (temp OK) | Open (overheat) |
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| Overspeed | NC switch to ground | Configurable Input | Closed (speed OK) | Open (overspeed) |
| Low Coolant Level | NC switch to ground | Configurable Input | Closed (level OK) | Open (low level) |

| Low Fuel Level | NO switch to ground | Configurable Input | Open (fuel OK) | Closed (low fuel) |

Engine Protection Sensors (Analogue):

Analogue sensors provide continuous measurement rather than simple on/off status. These connect to the
controller's analogue input terminals.

| Sensor | Measurement Range | Output Type | Controller Terminal | Wiring |

I I I I I I
| Oil Pressure Transmitter | 0-10 bar | 4—20 mA or 0-5 V | Analogue Input 1 | 2-wire (4-20 mA) |

| Coolant Temperature Sender | 40-120°C | Resistance (NTC/PT100) | Resistance Input 1 | 2-wire or 3-wire |
| Fuel Level Sensor | 0-100% | 0-5 V or 4-20 mA | Analogue Input 2 | 3-wire (supply, signal, ground) |
| Battery Voltage | 8—35 VDC | Direct measurement | DC Supply + | Through controller supply |

AC Power Generation Wiring

The AC power section handles generator output voltage sensing, current measurement, and breaker connection.

Generator Output Circuit:

| Component | Connection | Cable Size | Notes |

| Generator Main Breaker | Line side: generator output | Per rated current | MCCB or ACB |

| Load Busbars | Load side: main breaker | Per rated current | Copper, tin-plated |

| Voltage Sensing Fuses | Before main breaker | 1 A (each phase) | gG type fuse link |
| CTs | Around generator cables | 5 A or 1 A secondary | Solid-core or split-core |

| Neutral Busbar | Star point of generator | Full neutral rating | Electronically isolated |

| Ground Busbar | Generator frame ground | Half phase rating | Bonded to neutral if required |

Controller Voltage Sensing Wiring:

*GenlLl - 1 Afuse - Controller V Input Phase A
«Gen L2 - 1 Afuse - Controller V Input Phase B
*Gen L3 - 1 Afuse - Controller V Input Phase C

« Gen Neutral - Controller Neutral Input

Battery and Charging System Wiring

The battery system provides power for engine starting and controller operation. Proper wiring ensures reliable
cranking and battery charging.

| Component | Positive Connection | Negative Connection | Cable Size |

| Starter Battery | Starter solenoid B+ terminal | Engine block ground | 35-95 mma2 |
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| Controller Supply | Via 5 A fuse from battery + | Battery negative terminal | 2.5 mm? |

| Battery Charger Output | Battery positive terminal | Battery negative terminal | 4-10 mm? |
| Alternator B+ | Battery positive (via charge relay) | — | 6-16 mm?2 |

| Alternator D+ | Controller charger excitation input | — | 1.5 mm?2 |

| Battery Heater | Battery heating pad supply | Battery negative | 2.5 mmz2 |

Battery Wiring Precautions:

* Always connect the negative terminal first when installing

« Route battery cables away from hot engine surfaces

« Use battery disconnect switch on positive side

« Install a battery fuse within 300 mm of the positive terminal

* Use heat-shrink ring terminals for all battery connections

Generator Control Panel Pin Assignments (SmartGen HGM6120N)

The SmartGen HGM6120N is a widely used generator controller. Below is its complete pin assignment. Most
other controllers in this class (DeepSea DSE4520, ComAp InteliGen 350) follow a similar functional grouping.

| Pin | Function | Type | Wire Color | Notes |

|-----] |--=-=-] | I
| 1| DC Supply + (8-35 V) | Power Input | Red | 5 A fuse required |

| 2| DC Supply — (0 V) | Power Input | Black | Battery negative |

| 3| Emergency Stop NC | Digital Input | Red/White | To ground = run |
| 4 | Fuel Output | Digital Output | Yellow | 10 A max |

| 5| Start Output | Digital Output | Yellow | 10 A max |

| 6 | Glow Plug Output | Digital Output | Yellow | 10 A max |

| 7 | Aux Output 1 | Digital Output | Yellow | Programmable |

| 8 | Aux Output 2 | Digital Output | Yellow | Programmable |

| 9 | MPU Speed + | Analogue Input | Shielded | Magnetic pickup + |

| 10 | MPU Speed — | Analogue Input | Shielded | Magnetic pickup — |

| 11 | Speed Sensor Shield | Ground | Bare | Ground at controller only |
| 12 | Gen L1 Voltage | AC Sensing | Brown | 0—-600 VAC via 1 A fuse |
| 13 | Gen L2 Voltage | AC Sensing | Black | 0-600 VAC via 1 A fuse |
| 14 | Gen L3 Voltage | AC Sensing | Grey | 0-600 VAC via 1 A fuse |

| 15| Gen Neutral | AC Sensing | Blue | Neutral reference |

|16 | CT L1 (k) | Current Input | — |5 Aor1 ACT |

| 17 | CT Common (I) | Current Input | — | CT return (all phases) |

| 18 | CT L2 (k) | Current Input | — |5 Aor1 ACT |

| 19| CT L3 (k) | Current Input | — |5 Aor1 ACT |

| 20 | Config Binary Input 1 | Digital Input | — | Low oil pressure |
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| 21 | Config Binary Input 2 | Digital Input | — | High coolant temp |

| 22 | Config Binary Input 3 | Digital Input | — | Low fuel level |

| 23 | Config Binary Input 4 | Digital Input | — | Charger failure |

| 24 | Config Binary Input 5 | Digital Input | — | Remote start |

| 25 | Config Binary Input 6 | Digital Input | — | Spare/auxiliary |

| 26 | Common Alarm Output | Digital Output | White | 250 VAC/5 A NO |
| 27 | Warning Alarm Output | Digital Output | White | 250 VAC/5 A NO |
| 28 | RS485 A (-) | Comms | — | Modbus RTU |

| 29 | RS485 B (+) | Comms | — | Modbus RTU |

| 30 | RS485 Shield | Comms | — | Ground |

| 31 | DC Common | Ground | Black | Input ground reference |

| 32—-35 | Expansion Port | I/O | — | For optional modules |

Compatible Generator Control Panels

| Controller Model | Manufacturer | Suitable For | Panel Type | Display | Key Features |

I I I I I I I

| HGM6120N | SmartGen | 10-500 kVA | Standard | 4.3" LCD | Dual-fuel, multiple languages |

| HGM9510 | SmartGen | 10-2000 kVA | Advanced | 7" Touch | CAN J1939, remote monitoring |
| DSE4520 | DeepSea | 10-1000 kVA | Standard | 4x20 LCD | USB config, RS485 |

| DSE7320 | DeepSea | 50-2000 kVA | Advanced | Color LCD | Ethernet, load sharing |

| InteliGen 350 | ComAp | 10-500 kVA | Standard | Monochrome LCD | Reliable, cost-effective |
| InteliGen NT | ComAp | 50-3000 kVA | Advanced | 4.3" LCD | WebSupervisor, expansion 1/O |
| GC-100S | GAC | 10-800 kVA | Standard | LCD | Simple configuration |

| MGC-100 | Woodward | 50-2000 kVA | Advanced | LCD | Paralleling ready |

| Decision Maker | Kohler | 20-2000 kVA | Integrated | 4.3" LCD | Kohler engine integration |

| EMCP 4.4 | Caterpillar | 100-3000 kVA | Integrated | 4.3" LCD | Cat engine support |

| S6700H | SmartGen | 500-5000 kVA | Synchronizing | Touch | Multi-unit control |

| MX-150 | Basler | All sizes | Voltage reg. | Analog | AVR replacement |

Generator Control Panel Connection Specifications

| Parameter | Specification | Notes |

I I I I
| System Voltage | 400/230 VAC, 3-phase, 4-wire | 50/60 Hz auto-sensing |

| Controller Supply | 8-35 VDC (12V/24V auto-range) | Protected against reverse polarity |
| Controller Power | 300—-450 mA at 12 VDC | Depends on display brightness |

| Generator Output Breaker | Per generator kVA rating | 25 kA—65 kA breaking capacity |

| Voltage Sensing | 50-600 VAC (L-N) | 3-phase or single-phase |

www.huaquanpower.com | huaguan@huaquanpower.com Page 5




HUAQUAN POWER Generator Resource Center

| CT Rating | 5 A secondary (standard) | Also supports 1 A |

| Speed Sensor Input | 0.5-70 Vpp magnetic pickup | 0—-12,000 Hz range |

| Digital Inputs | Switch-to-ground, configurable NC/NO | 50 programmable functions |
| Relay Outputs | 10 A at 250 VAC (resistive) | 250,000 electrical operations |

| Analogue Inputs | 0-5 V / 0-10 V / 4-20 mA | Selectable via hardware/software |

| RS485 | 1200-115200 baud, Modbus RTU | 1 kV isolation |

| CAN Bus | CAN 2.0B, J1939 | For electronic engines |

| Panel Protection Rating | IP42 (indoor) / IP54 (outdoor) | NEMA 1/ NEMA 3R |

| Operating Temperature | -20°C to +60°C | With de-rating above 50°C |

| Enclosure Material | Cold-rolled steel 1.5-2.0 mm | Epoxy powder coat RAL7032 |

| Dimensions (typical) | 600 x 400 x 200 mm (small) | Up to 1200 x 800 x 300 mm (large) |
| Standards | IEC 60034, ISO 8528, GB/T 2820 | — |

Download PDF — Generator Control Panel Wiring Diagram

![Download PDF]()

Click the button above to download the complete Generator Control Panel Wiring Diagram PDF. This
downloadable reference includes:

« Full schematic for a standard generator control panel (A3 size)

« Engine interface wiring (magnetic pickup, sensors, actuators)

« AC power circuit with voltage sensing and CT connections

« Battery and charging system wiring diagram

« Controller pinout reference for SmartGen, DeepSea, and ComAp

« Protection circuit wiring (emergency stop, breaker shunt trip, earth fault)
* Annunciator panel wiring for remote alarm indication

« Communication wiring (RS485, CAN, Ethernet)

« Panel layout drawing showing component placement

« Cable sizing table for control panel wiring

« Recommended terminal block numbering system

» Commissioning test points and expected readings

The PDF is 3.2 MB, full vector graphics, print-ready at A3 or A4 resolution. Includes bilingual (English/Chinese)
annotations for key connections.

15 Frequently Asked Questions About Generator Control Panel Wiring

1. What size cable should | use for the controller DC supply?

Use 2.5 mm?2 (14 AWG) stranded copper cable for the controller DC supply positive and negative wires. Install a 5
A slow-blow fuse in the positive lead within 300 mm of the battery positive terminal. The negative lead must
connect directly to the battery negative terminal, not to chassis ground.
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2. How do | wire the emergency stop for fail-safe operation?

The emergency stop must be wired as a normally closed (NC) circuit. The NC contact connects between the
controller's emergency stop input pin and battery negative (0 V). When the E-stop button is pushed, the circuit
opens, causing the controller to immediately stop the engine. Always use a red mushroom-head pushbutton with
twist-to-release for emergency stop applications.

3. Can | connect the AVR directly to the generator control panel?

The AVR (Automatic Voltage Regulator) is typically mounted on the generator alternator itself and is not directly
controlled by the panel. The panel provides the AVR sensing reference through the generator voltage sensing
wires. For AVR remote adjustment, a potentiometer can be wired from the panel to the AVR trim terminals (if
available).

4. What is the correct polarity for the magnetic pickup sensor?

The magnetic pickup has two wires (typically white and black) with no specific polarity. Either wire can be
connected to MPU+ and the other to MPU-. The cable must be shielded twisted pair, with the shield grounded at
the controller end only. The pickup gap should be 0.4-1.2 mm from the flywheel ring gear teeth.

5. How do | wire a 4-20 mA oil pressure sensor?

Connect the sensor's positive supply terminal to a +12/24 VDC source (typically the controller's sensor supply
output). Connect the sensor's output (signal) terminal to the controller's analogue input positive (+). Connect the
sensor's negative terminal to the controller's analogue input negative (=) and also to the DC supply ground.
Configure the controller's analogue input for 4-20 mA range.

6. My controller shows "Fail to Start" after three crank attempts. What should | check?

Verify: (a) start relay output is reaching the starter solenoid (measure voltage at solenoid while cranking), (b)
battery voltage does not drop below 9 V (12 V system) or 18 V (24 V system) during cranking, (c) fuel solenoid is
energized and fuel reaches the injection pump, (d) the engine speed sensor is correctly detecting rotation during
cranking.

7. How many current transformers (CTs) do | need for the control panel?

Standard three-phase systems require three CTs, one per phase (L1, L2, L3). For single-phase systems, one CT
on the live conductor is sufficient. If neutral current monitoring is required, a fourth CT is installed on the neutral
conductor. All CT secondary connections must be shorted before removing the CT from the circuit.

8. What is the purpose of the glow plug output on the controller?

The glow plug output energizes the engine's intake air pre-heaters (glow plugs) for a set period before and during
cranking in cold weather. This improves cold starting. The glow plug relay output is typically activated when the
controller detects low coolant temperature and the engine is in pre-heat mode.

9. Do | need a separate battery charger in the control panel?

Yes, an automatic battery charger should be installed in the control panel to maintain the starting batteries when
the generator is not running. The charger must be temperature-compensated and rated for the battery capacity
(typically 10-25 A for starting batteries). The charger output connects directly to the battery terminals.

10. How do | configure the controller for single-phase operation?
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Set the controller configuration to "Single Phase" in the AC sensing setup menu. Connect the generator output
line to the L1 voltage sensing terminal and the neutral to the neutral terminal. Leave L2 and L3 sensing terminals
unconnected. Disable the phase loss alarm for L2 and L3.

11. Why does my generator show "Over Voltage" alarm immediately on startup?

This is usually an AVR issue, not a control panel wiring problem. Check the AVR sensing wires (typically
connected to generator output terminals) for correct connection. If the AVR sensing is disconnected, the AVR may
go to full excitation, causing over-voltage. Also check that the controller's voltage sensing wires are correctly
connected to the generator output, not the AVR voltage trim terminals.

12. Can Il install the controller more than 10 meters from the generator?

While technically possible, long wiring distances increase the risk of signal degradation. For distances over 10
meters: use shielded twisted pair cables for all analogue signals, install RS485 repeaters every 1200 meters for
Modbus communication, use larger gauge wires for the DC supply to compensate for voltage drop, and consider
using a remote annunciator panel instead of extending all sensor wires.

13. What is the correct way to terminate unused binary inputs on the controller?

Unused binary inputs should be jumpered to ground (0 V) to prevent false triggering. A floating input can pick up
electrical noise and cause erratic behavior. In the controller configuration, assign unused inputs to "Not Used"
function to avoid nuisance alarms.

14. How do | wire the common alarm relay to an external alarm system?

The common alarm relay provides a normally open (NO) dry contact rated for 250 VAC at 5 A. Connect one side
of the relay contact to a suitable power source (either AC or DC depending on the alarm system), and the other
side to the alarm system input. When an alarm condition occurs, the relay closes, completing the circuit. For
fail-safe operation, wire the alarm using the NC contact so that a controller power loss also triggers an alarm.

15. What commissioning tests should | perform on a new control panel?

Essential commissioning tests include: (a) visual inspection of all wiring against the schematic, (b) insulation
resistance test (>10 MQ at 500 VDC), (c) DC supply voltage check at controller terminals, (d) manual start test
with all protection bypassed initially, (e) protection device calibration and test (simulate low oil pressure, high
temperature, etc.), (f) AVR adjustment and voltage regulation check, (g) load bank test at 25%, 50%, 75%, and
100% rated load, (h) automatic start test by simulating mains failure, (i) communication verification with remote
monitoring system.

Generator Control Panel Wiring Best Practices

Inside the Panel: Layout and Organization

1. Component Placement: Mount the generator controller in the top-third of the panel door at eye level
(approximately 1.5-1.7 m from floor). Mount MCCBs and contactors in the main compartment. Mount the battery
charger in the lower section with adequate ventilation. Keep terminal blocks accessible behind a hinged panel.

2. Busbar System: Use rectangular copper busbars (minimum 20 x 5 mm for 250 A, 30 x 5 mm for 400 A, 50 x 6
mm for 630 A, 60 x 10 mm for 1000 A). Tin-plate busbars for corrosion protection in high-humidity environments.
Space busbars at least 25 mm apart (phase-to-phase) and 20 mm to ground.
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3. Wire Duct Routing: Install PVC wire ducts with snap-on covers throughout the panel interior. Use 40 x 60 mm
wire ducts for power wiring and 25 x 40 mm for control wiring. Maintain minimum 30% fill capacity for future
additions. Route control wires in separate ducts from power wires.

4. Terminal Block Standards: Use DIN-rail mounted terminal blocks throughout. Feed-through type for power
connections (grey, 4-16 mm?). Fused terminal blocks (5 x 20 mm fuse) for voltage sensing wires (black). Ground
terminal blocks (green/yellow) for PE connections. Disconnect-type terminal blocks for CT circuits (to allow safe
open-circuiting for testing).

5. Panel Earthing: Each panel door must be bonded to the panel body using a dedicated 6 mm2 braided earthing
strap. All removable panels and covers must have their own ground connections. Paint must be removed under all
earthing washers to ensure metal-to-metal contact.

6. Thermal Management: Install temperature-controlled ventilation fans in panels rated over 200 A. Fans should
exhaust hot air from the top of the panel and intake cool air at the bottom. Thermostat setpoint: 40°C fan-on, 35°C
fan-off. For panels over 630 A, consider air conditioning or heat exchanger systems.

Commissioning the Generator Control Panel: A Complete Checklist

Pre-Power Tests:
- m Visual inspection of all wiring against schematic (complete and accurate)
- m All connections torqued to specification (power: 3.5—-6.0 Nm, control: 0.5-0.8 Nm)

« m Insulation resistance test: >10 MQ at 500 VDC between each phase and ground, between phases, and
between power and control circuits

- m Continuity check of all protective earth connections (<0.1 Q to ground electrode)
- m CT secondary wiring checked (open-circuit prevention)

- m Battery connections verified (polarity, tightness, fuse condition)

- m Emergency stop circuits checked (NC continuity in run position)

- m Fuse sizes verified against manufacturer recommendation

- m Wire labeling complete and matching schematic

Controller Configuration Tests:

- m Controller powered up (DC supply voltage at terminals)

- m Display language and date/time set

- m Nominal voltage and frequency configured

- m CT ratio and voltage transformer ratio configured

- m Engine parameters configured (flywheel teeth, over crank attempts, crank rest period)
- m Digital inputs configured and polarity set

- m Digital outputs configured and logic verified

- m Protection thresholds configured

« m Communication parameters set (Modbus address, baud rate, parity)

Functional Tests:
- m Manual start test (engine cranks, starts, runs)

- m Manual stop test (engine stops cleanly)
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- m Emergency stop test (immediate shutdown)

- m Low oil pressure shutdown test (simulate by disconnecting sensor wire)

- m High coolant temperature shutdown test (simulate)

» m Voltage regulation check (measure at no-load and under load)

« m Frequency regulation check (generator Hz at no-load and full load)

* m AVR adjustment and verification

< m Auto start test (simulated mains failure)

- m Auto stop test (simulated mains restoration)

» m Load bank test at 25%, 50%, 75%, and 100% (verify kW, kVA, power factor, voltage dip, frequency dip)
« m RS485 communication test with BMS or monitoring system

« m Alarm annunciation test (verify all alarms trigger correctly)

Safety Labeling and Warning Signs Requirements

Every generator control panel must display the following warning labels:

. Danger: High Voltage — On the panel exterior door

. Warning: Automatic Start — On the panel door (for auto-start systems)

. Lock-out / Tag-out procedure — On or near the panel

. Single-line diagram — On the inside of the panel door

. Emergency shutdown procedure — On or near the controller display

. Battery warning (explosive gases, acid) — On or near battery compartment

. CT secondary open-circuit warning — On CT terminal block covers

0 N o o B~ W N P

. Arc flash warning — On the panel door (for panels >250 VAC)

Related Downloads

 [ATS Wiring Diagram PDF]() — Automatic transfer switch wiring schematics

» [DeepSea Controller Wiring Diagram PDF]() — DSE controller pin assignments and connections
* [ComAp Controller Wiring Diagram PDF]() — InteliGen and InteliATS wiring reference

« [Automatic Voltage Regulator Wiring PDF]() — AVR connection and adjustment guide

* [Generator Synchronization Panel Wiring]() — Multi-generator paralleling guide

This Generator Control Panel Wiring Diagram guide is provided by HuaQuan Power — professional generator set
manufacturer with ISO 9001 certification. For custom control panel designs, wiring support, or technical training,
contact our engineering department.

© HuaQuan Power. All rights reserved. Wiring diagrams are for reference only. Always follow local electrical
codes and the specific controller manufacturer's installation manual for final wiring.
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