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Introduction

The battery charging system is a critical but often overlooked subsystem in diesel generator sets. Its primary
function is to maintain the engine starting batteries at full charge so that the generator can reliably start on
demand, whether for an automatic mains failure event or for scheduled testing. A poorly designed or incorrectly
wired battery charging system is one of the most common causes of generator startup failures in the field. The
system typically comprises the engine-mounted alternator (not to be confused with the main generator alternator),
a battery charger, the starting batteries, interconnecting cables, and associated monitoring and protection devices.

This comprehensive guide covers the complete wiring details for generator battery charging systems, from the
engine alternator and its voltage regulator to the auxiliary battery charger, battery disconnect switches, battery
monitoring devices, and the DC distribution to the generator controller and starter motor. We provide detailed pin
assignments for common charging system components, wiring diagrams for both 12 V and 24 V systems, and
technical specifications for cables, fuses, and chargers. The guide is suitable for generator service technicians,
installation contractors, electrical engineers, and facility managers responsible for generator reliability.

A well-designed battery charging system ensures that the batteries are maintained at their optimal float voltage
(typically 13.5-13.8 V for 12 V systems, 27.0-27.6 V for 24 V systems), with temperature compensation to prevent
overcharging or undercharging in extreme climates. The system must also alert the operator if a charging fault
occurs, as a battery failing to charge is a precursor to a failed start attempt. Modern smart battery chargers
incorporate microprocessor control, multi-stage charging profiles, temperature compensation, and remote alarm
outputs that integrate directly with the generator controller.

Battery Charging System Wiring Connection Details

Engine Alternator Charging Circuit

The engine-mounted alternator (typically 28 V or 14 V, 50-150 A) charges the starting batteries while the engine
is running. It is driven by the engine's crankshaft via a V-belt or poly-V belt.

| Component | Terminal | Connection | Wire Size | Notes |

| Alternator B+ | Main output | Battery positive (via charge fuse/breaker) | 16—50 mmz? | Highest current path |

| Alternator B— | Ground | Engine ground stud | 16—50 mmz? | Short, direct path |

| Alternator D+ (WL) | Charge indicator | Controller charger excitation output (pin 11) | 1.5-2.5 mm2 | 12/24 V, 2 A
max |

| Alternator W (tach) | Speed signal | Controller MPU input (optional) | 1.0 mm? | AC signal for RPM |
| Alternator S (sense) | Battery voltage sense | Battery positive terminal | 1.0 mm?2 | Voltage sense reference
| Alternator L (lamp) | Warning lamp | Dashboard indicator lamp | 1.0 mm?2 | Optional local indicator |

Important: The B+ cable from the alternator to the battery must be fused within 300 mm of the battery positive
terminal. The fuse rating should be 125-150% of the alternator's rated output current.
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Battery Charger Circuit (Mains-Powered)

The auxiliary battery charger maintains the batteries when the generator is not running, powered from the mains
supply or from the generator output during operation.

| Battery Charger Terminal | Function | Connection | Wire Size | Notes |

I I I I I I

| AC Input (L) | Live | From mains via dedicated breaker | 2.5 mm2 | MCB rated 6-16 A |
| AC Input (N) | Neutral | Neutral busbar | 2.5 mm2 | |

| AC Input (E) | Ground | Ground busbar | 2.5 mm?2 | |

| DC Output (+) | Positive | Battery positive terminal | 6-16 mm?2 | Via 1.25x rated fuse |

| DC Output (<) | Negative | Battery negative terminal | 6-16 mm?2 | Direct connection |

| Remote Sense (+) | Voltage sense | Battery positive terminal | 1.0 mm? | For voltage drop compensation |
| Remote Sense (-) | Voltage sense | Battery negative terminal | 1.0 mm?2 | For voltage drop compensation |
| Alarm Relay (NO/COM) | Fault output | Controller alarm input | 1.0 mm? | Dry contact, 250 VAC/2 A |

| Battery Temp Sensor | Temperature probe | Battery top (central cell) | 1.0 mm2 | Temperature compensation |
Starting Circuit Wiring

The starting circuit delivers high current (hundreds of amps for a few seconds) from the batteries to the starter
motor.

| Component | Terminal | Connection | Wire Size | Notes |

| Battery + | Positive terminal | Starter solenoid B+ | 35-120 mm?2 | As short as possible |

| Battery — | Negative terminal | Starter motor ground terminal | 35-120 mm? | Or engine block ground |

| Battery — | Negative terminal | Generator frame ground | 35-120 mm? | For controller/chassis |

| Starter Solenoid S | Control signal | Starter relay output (controller) | 2.5-4 mmz2 | 12/24 V from controller |
| Starter Solenoid B+ | Battery input | Battery positive via cable | 35—120 mm? | High current stud |

| Starter Motor M | Motor terminal | From solenoid output | 35-120 mm? | Engage contact |

Battery Charging System Pin Assignments

Typical Generator Controller Battery Monitoring Interface

| Controller Pin | Function | Signal Type | Normal Range | Alarm Condition |

I I I I I I

| DC Supply + | Supply input | 8-35 VDC | 12 V or 24 V nominal | Below 10 V (12V) / 20 V (24V) |
| DC Supply — | Supply ground | 0 VDC | — | — |

| Charger Failure Input | Charger status | Digital NC to ground | Closed (charging OK) | Open (charger fault) |
| Battery Voltage (Ain) | Battery volts | 0-35 VDC analogue | 12.0-14.5V (12V) | Below 11.5 V / Above 15V |
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| Battery Temp (Rin) | Battery temperature | PT100/NTC | 20—30°C | Below -20°C / above 60°C |

| Charger Excitation Out | D+ signal | 12/24 VDC output | Active when engine running | Inactive = alternator not
charging |

Smart Battery Charger Connection Reference

| Charger Model | Voltage | Charging Current | Charging Profile | Remote Alarm | Temp. Comp. |

| Victron Energy Blue Power | 12/24 V| 10-50 A | 4-stage (bulk, abs, float, storage) | Yes (potential free) | Yes
(internal) |

| Mastervolt Battery Charger | 12/24 V | 10-100 A | 3-stage + temperature | Yes (NO/NC) | Yes (external probe) |
| Mean Well PB-600 | 12/24 V | 10-40 A | 3-stage | Yes (relay output) | Yes (optional) |

| Schumacher SC1308 | 12 V only | 8-30 A | 3-stage (bulk/abs/float) | Yes (LED + alarm relay) | No |

| NOCO Genius GEN5 | 12/24 V | 5-20 A | 7-stage (smart) | Yes (RPM sense) | Yes |

| CTEK MXS 25| 12/24 V| 25 A | 8-stage | Yes (status output) | Yes (temp sensor) |

| SmartGen BCM-4010 | 12/24 V | 10-40 A | 3-stage + genset interface | Yes (Modbus RS485) | Yes |

| Lester Electrical Summit | 12/24 V | 15-50 A | Multi-stage profile | Yes (CAN bus) | Yes |

Battery Charging System Connection Specifications

| Parameter | 12 V System | 24 V System | Notes |

I I I I I

| Nominal Battery Voltage | 12 VDC | 24 VDC | — |

| Float Voltage | 13.5-13.8 V | 27.0-27.6 V | At 25°C |

| Equalize Voltage | 14.4-14.8 V | 28.8—-29.6 V | Periodic, 1-2 hours |
| Absorb Voltage | 14.2-14.6 V | 28.4-29.2 V | Bulk charging phase |

| Temperature Compensation | -3 mV/°C/cell | -3 mV/°C/cell | Typical for lead-acid |

| Battery Capacity (typical) | 100—-300 Ah | 100-200 Ah | Per generator size |

| Cold Cranking Amps (CCA) | 800—-1500 A | 600—1200 A | Engine displacement dependent |
| Alternator Charging Voltage | 14.0-14.5 V | 28.0-29.0 V | Engine alternator output |

| Alternator Rating | 50-120 A | 50-150 A | Standard for generator engines |

| Battery Charger Output | 10-50 A | 10-40 A | Mains-powered charger |

| Max Voltage Drop (cables) | < 0.5V at full load | < 0.5 V at full load | Positive + negative combined |
| Cable Max Length (battery to starter) | < 1.5 m | < 1.5 m | Longer = larger cable required |

| Ground Cable Size | >= Positive cable | >= Positive cable | Equal or larger cross-section |

| Battery Fuse Type | Class T or ANL | Class T or ANL | Fast-acting, high interrupt |

| Operating Temperature | -20°C to +50°C | -20°C to +50°C | Battery rated for environment |

| Recommended Battery Type | Lead-acid AGM | Lead-acid AGM | VRLA, maintenance-free |
| Standards Compliance | IEC 60095, SAE J537 | IEC 60095, SAE J537 | — |
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Battery Selection and Sizing Guide

Battery Capacity Requirements by Generator Rating

| Generator Rating | Battery System | Recommended Ah | Recommended CCA | Number of Batteries |
I I I I I I

| 10-30 kVA | 12 V | 100-120 Ah | 800-1000 CCA | 1 |

| 31-75 kVA | 12 V | 120-150 Ah | 900-1200 CCA | 1 |

| 76—150 KVA | 24 V | 100-120 Ah (x2) | 800—1000 CCA (x2) | 2 (series) |

| 151-300 kVA | 24 V | 120—150 Ah (x2) | 900-1200 CCA (x2) | 2 (series) |

| 301-600 kVA | 24 V | 150—200 Ah (x2) | 1200-1500 CCA (x2) | 2 (series) |

| 601-1000 kVA | 24 V | 200-250 Ah (x2) | 1500-2000 CCA (x2) | 2 (series) |

| 1001-2000 kVA | 24 V | 250-300 Ah (x2) | 2000—2500 CCA (x2) | 2 (series, or parallel banks) |

Cable Sizing for Battery Connections

| Cable Length (m) | Current (100 A) | Current (200 A) | Current (500 A) | Current (1000 A) |
I I I I I I

|0.5m |16 mm2| 35 mmz2| 70 mm?2| 120 mm?2 |

| 1.0 m | 25 mm2| 50 mmz2 | 95 mm?2 | 150 mm? |

[1.5m |35 mm2| 70 mmz2| 120 mm? | 185 mm?2 |

| 2.0 m | 50 mm2 | 95 mm?2 | 150 mm? | 240 mm? |

| 3.0 m | 70 mm2| 120 mmz | 185 mm? | 300 mm?2 (paralleling) |

Download PDF — Battery Charging System Wiring Diagram

![Download PDF]()

Click the button above to download the complete Battery Charging System Wiring Diagram PDF. This
comprehensive reference includes:

« Full battery charging system schematic for 12V and 24V generator systems
« Engine alternator wiring diagram with D+ excitation circuit

« AC mains-powered battery charger connection diagram

« Dual battery series connection for 24V systems

« Parallel battery bank wiring for high-capacity requirements

« Battery disconnect switch wiring and interlock circuits

 Battery monitoring system wiring (voltage, temperature, current)

« Battery charger alarm integration with generator controller

« Cable sizing table for all battery connection lengths

« Battery heater wiring for cold climate applications
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« Ground fault detection circuit for battery systems

* Recommended fuse/breaker placement diagram

The PDF is 2.2 MB, vector graphics, A3 format, suitable for field printing and on-screen viewing. Includes
commissioning checklist and maintenance schedule.

15 Frequently Asked Questions About Battery Charging System Wiring

1. Why are two 12V batteries used in series for 24V systems instead of a single 24V
battery?

Using two 12V batteries in series provides higher cranking current capacity, better physical size distribution for
mounting, easier replacement (12V batteries are universally available), and improved reliability (if one battery fails,
the system voltage drops but may still crank the engine in some cases). Single 24V starter batteries exist but are
less common in the generator industry.

2. What is the correct cable size for battery-to-starter connections?

The cable must be sized to carry the starter's full locked-rotor current (400-1500 A for typical generator engines)
with less than 0.5 V total voltage drop. For a 1-meter cable run: 35 mm2 for 200 A, 70 mm? for 500 A, 120 mm? for
1000 A. Always use welding-grade or SAE-rated cable with fine-strand copper conductors for flexibility and high
current capacity.

3. How do | wire a dual battery bank for a 24V system?

Connect Battery 1 positive to Battery 2 negative using a 35 mmz2 or larger jumper cable. Battery 1 negative
becomes the system ground (0 V). Battery 2 positive becomes the system positive (+24 V). The battery charger
output connects across the full series (positive to Battery 2 +, negative to Battery 1 —). For equal charging, use a
battery balancer across the midpoint.

4. Why does my battery charger show AC power OK but no DC output?

Possible causes: (a) Incoming AC voltage below the charger's minimum operating threshold, (b) Battery too
deeply discharged — some chargers require a minimum voltage on the battery terminals before starting the
charging cycle, (c) Blown internal fuse, (d) Battery temperature sensor detecting a fault condition if fitted, (e)
Charger in protect mode from a short circuit condition on the output. Measure DC output voltage with a multimeter
at the charger terminals — if 0 V with AC input present, the charger likely requires service.

5. What is the purpose of battery temperature compensation?

Battery voltage requirements change with temperature. At low temperatures, the float voltage must be increased
to fully charge the battery. At high temperatures, the float voltage must be reduced to prevent overcharging and
gassing. Without temperature compensation, batteries in hot climates are overcharged (leading to water loss and
reduced life) while batteries in cold climates are undercharged (leading to sulfation). The compensation coefficient
is typically -3 mV per °C per cell for lead-acid batteries.

6. Can | use automotive starting batteries for generator duty?

Automotive batteries are designed for short high-current bursts and shallow discharges. For generator duty, use
heavy-duty commercial/industrial batteries designed for deep-cycle and standby applications. Recommended
types: Lead-acid AGM (Absorbent Glass Mat) or gel-cell VRLA (Valve Regulated Lead Acid). These have lower
self-discharge, better vibration resistance, and longer service life in standby generator applications.
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7. How often should | replace generator starting batteries?

Generator starting batteries should be replaced every 3-5 years for standard duty, 2—3 years for severe duty (high
temperature or frequent cycling). Even if the batteries appear functional, internal resistance increases with age,
reducing cranking capability. Many generator controllers can track battery age and issue a replacement reminder.
Always replace both batteries in a 24V system as a pair.

8. What is the D+ (exciter) terminal on the engine alternator?

The D+ terminal provides a small positive voltage to the alternator's internal voltage regulator to initiate charging.
After the engine starts and the alternator begins producing, the D+ terminal is energized by the alternator's own
output. Before engine start, the D+ terminal receives voltage from the generator controller's charger excitation
output. This starts the alternator charging. The D+ circuit also drives the "charge fail" detection — if D+ voltage is
absent while the engine is running, the controller generates a "Charger Failure" alarm.

9. How do | wire a battery disconnect switch?

Install the disconnect switch on the battery positive cable between the battery positive terminal and the first load
(starter solenoid). Use a continuous-duty switch rated for the maximum starting current (typically 500-1500 A
intermittent, 100—200 A continuous). A solenoid-type disconnect (remote-controlled) allows the generator
controller to isolate the battery automatically and prevents parasitic drain during long idle periods.

10. Why does my generator fail to start after being idle for 2 weeks?

The most common cause is battery self-discharge combined with parasitic drain from the generator controller and
other electronics. Even in standby mode, the generator controller draws 50-300 mA continuously. Over two
weeks, this can discharge batteries below the minimum voltage required for starting. Solutions: (a) Ensure the
battery charger is operational and mains supply is available, (b) Check that the battery disconnect switch is
closed, (c) Test battery health (specific gravity or conductance), (d) Verify battery charger output voltage is
13.5-13.8 V (12V system) or 27.0-27.6 V (24V system).

11. What protection devices should be installed in the battery circuit?

Essential protection: (a) Battery fuse (Class T or ANL type) within 300 mm of battery positive terminal, rated at
150% of expected maximum current, (b) Battery disconnect switch for maintenance isolation, (c) Reverse polarity
protection diode on controller supply line (most controllers have this internally), (d) Over-current protection on the
battery charger AC input (MCB), (e) Over-current protection on the battery charger DC output (fuse or breaker).

12. Can |l use a single battery charger for two battery banks?

A single charger with enough output current rating can charge two battery banks if they are connected in parallel
(both positives together, both negatives together) and are the same age, type, and capacity. For truly independent
banks (e.g., engine start bank + control panel bank), use a dual-output battery charger or individual chargers for
each bank. Some smart chargers have dual output channels that can maintain separate banks independently.

13. What is the correct way to measure battery voltage for controller monitoring?

Connect the battery voltage monitoring input directly to the battery terminals (not through the circuit breaker or
disconnect switch) using 1.0 mm2 wire. This ensures the controller reads true battery voltage without the voltage
drop across protection devices. Place a 1 A fuse in the positive sense wire near the battery terminal for protection.

14. How do | ground the battery negative terminal?

Connect the battery negative terminal to the engine block with a short (under 600 mm) cable of the same gauge
as the positive cable, or one size larger. From the engine block, connect to the generator frame ground busbar.
The ground path must be capable of carrying the full starting current. Do not rely on the chassis or frame through
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paint or rust-prone joints — use dedicated ground cables with proper ring terminals and star washers.

15. Why does the battery charger alarm frequently trigger?

Common causes: (a) AC input voltage fluctuating outside the charger's input range, (b) Battery sulfated or
damaged and unable to accept charge, (c) Charger output fuse blown or loose connection, (d) Battery
temperature sensor not attached or faulty, (e) Charger is undersized for the battery bank — trying to charge large
batteries with a small charger triggers thermal protection, (f) Ambient temperature at the charger exceeds its
rating. Check the charger manufacturer's specifications for alarm conditions.

Advanced Battery System Wiring Configurations

Battery Bank Wiring Topologies

Series Configuration (for 24V Systems):

Two 12V batteries connected in series produce 24V. This is the standard configuration for most generator sets
above 75 kVA.

 Battery 1 Negative —» System Ground

« Battery 1 Positive - Battery 2 Negative (series jumper cable, 35mm?2 minimum)

« Battery 2 Positive - Starter Solenoid +24V

 Battery Charger + — Battery 2 Positive

« Battery Charger — - Battery 1 Negative

 Controller DC+ - via 5A fuse from Battery 2 Positive

 Controller DC- - Battery 1 Negative

mm Important: For equal charging, install a 12V battery balancer (equalizer) across the series connection
midpoint. Without a balancer, one battery may become overcharged while the other remains undercharged,
significantly reducing battery life.

Parallel Configuration (for Increased Capacity):

Two or more identical batteries connected in parallel increase the total Ah capacity while maintaining the same
voltage.

« All Battery Positives connected together — system positive

« All Battery Negatives connected together - system ground

» Use equal-length cables from each battery to the common positive and negative busbars

« Total capacity = sum of individual battery Ah ratings

mm Parallel Battery Warning: Batteries in parallel must be identical (same brand, model, age, capacity, and

manufacturing date). Never parallel old and new batteries. For generator applications, series for 24V is strongly
preferred over parallel 12V.

Battery Monitoring System Wiring

A battery monitoring system (BMS for batteries, distinct from generator BMS) provides real-time data on battery
health and helps predict failures before they occur.
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| Monitoring Parameter | Sensor Type | Controller Connection | Alarm Thresholds |

I I I I I
| Voltage (total) | Direct measurement | Controller DC supply input | <11.5V (12V) / <23V (24V) |

| Voltage (each battery) | Individual monitoring | Analogue inputs | >0.3V difference between batteries |

| Current (charge/discharge) | Hall effect DC current sensor | Controller analogue input | Charge >20A = bulk
charging |

| Temperature | PT100 or NTC probe on battery terminal | Controller resistance input | >50°C = overheat alarm |

| Internal Resistance | Conductance tester or inline module | RS485 / Modbus | >1.5x baseline = replacement due

| Electrolyte Level | Float switch in each cell | Digital input | Float opens = low level |

| Specific Gravity (for flooded) | Hydrometer with sensor | Modbus | <1.200 = discharged |

Monitoring System Wiring:

1. Install a DC Hall-effect current sensor around the main battery positive cable (between battery and starter
solenoid)

2. Connect sensor output (0-5V or 4-20mA) to the generator controller's analogue input
3. Install battery temperature probes on the positive terminal of each battery (use thermal conductive paste)
4. Connect temperature probes to the controller's resistance inputs (PT100 or NTC as supported)

5. For individual battery voltage monitoring, use voltage divider circuits (precision 0.1% resistors) connected to
separate analogue inputs. Ensure the divider output does not exceed the controller's input voltage range.

Battery Charger Selection and Sizing

The battery charger must be correctly sized for the generator's battery bank to ensure reliable charging without
overcharging or undercharging.

Charger Current Rating Formula:

 Recommended charger output current = 10-25% of battery bank capacity (C20 rating)

« For a 200 Ah battery bank: recommended charger = 20-50 A

« For a 100 Ah battery bank: recommended charger = 10-25 A

« Multiple batteries do not sum for charging current — use the total bank capacity for calculation

Charger Selection Considerations:

| Factor | Recommendation |

I I I
| Charging Profile | 3-stage or multi-stage (Bulk, Absorption, Float) |

| Temperature Compensation | Mandatory for generator applications |

| Remote Alarm Output | Required for integration with generator controller |
| Input Voltage Range | Wide input (85-265 VAC) for voltage fluctuations |
| Efficiency | >85% recommended to minimize heat generation |

| Enclosure Rating | IP20 minimum for panel mount, IP65 for outdoor |

| Battery Type Support | Selectable for Flooded, AGM, Gel, or Lithium |

| Communication | RS485 Modbus for remote monitoring (advanced) |
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Battery Disconnect and Protection Wiring

1. Main Battery Disconnect Switch: Install a continuous-duty battery disconnect switch on the positive battery
cable between the battery and the starter solenoid. Rating: 500-1500 A intermittent, 100—200 A continuous. For
remote control, use a solenoid-operated disconnect (12/24V coil) that can be controlled by the generator
controller.

2. Battery Fuse: Install a Class T or ANL fuse within 300 mm of the battery positive terminal. Rating: 150% of the
maximum expected current (starter current for starting circuit, charger current for charging circuit). For a 1000A
starting circuit, use a 500-600A Class T fuse (fast blow, 200 KA interrupt rating).

3. Starter Solenoid Isolation: The starter solenoid primary circuit should be isolated from the controller start output
using an intermediate relay. The controller start output (typically 10A rated) energizes the relay coil, and the relay
contacts (rated for the solenoid current) complete the starter circuit. This protects the controller from the solenoid's
inductive kickback.

Battery Disconnect Sequence for Maintenance:

1. Stop generator manually or allow automatic shutdown to complete
2. Turn generator controller to OFF position

3. Open battery disconnect switch

4. Open battery charger AC supply breaker

5. Wait 60 seconds for controller capacitors to discharge

6. Verify zero voltage at controller DC terminals with multimeter before servicing

Cold Climate Battery System Modifications

For generator installations in cold climates (ambient below -20°C), additional battery system modifications are
required:

1. Battery Heater Pad: Install a 25-50 W silicone heater pad beneath each battery. Connect to a thermostatic
controller that energizes the heater when battery temperature drops below 5°C. Wire the heater through a 10 A
fused circuit from the battery charger AC supply.

2. Battery Box Insulation: Use an insulated battery box (50 mm closed-cell foam) to retain engine heat and heater
pad warmth. Include ventilation for hydrogen gas release (minimum 100 cm? vent area at the top).

3. Increased Charger Voltage Setpoint: Use a 24.5 V or 25 V battery charger output for -20°C operation (with
temperature compensation). Some smart chargers automatically adjust the voltage based on ambient
temperature.

4. Higher CCA Batteries: Select batteries with CCA rating 1.5x the standard requirement for the engine. At -20°C,
battery cranking capacity drops to approximately 50% of the 25°C rating.

Related Downloads

* [Generator Control Panel Wiring Diagram]() — Full generator control system connections
 [Automatic Voltage Regulator Wiring PDF]() — AVR connection and adjustment guide

* [Fuel Pump Wiring Diagram PDF]() — Diesel generator fuel system wiring
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* [ATS Wiring Diagram PDF]() — Automatic transfer switch wiring schematics

¢ [Generator Maintenance Checklist PDF]() — Pre-commissioning verification document

This Battery Charging System Wiring guide is provided by HuaQuan Power — professional generator set
manufacturer. For battery system design, charger selection, or technical support, contact our electrical
engineering team.

© HuaQuan Power. All rights reserved. Wiring diagrams and specifications are for reference. Always follow local
electrical codes and battery/charger manufacturer instructions for final installation.

Shandong Huaquan Power Co., Ltd.
Contact: +86 15905360672 | huaquan@huaquanpower.com
Website: www.huaquanpower.com
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