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Introduction

Automotive charging systems comprise an engine-driven alternator, battery
pack, and electrical loads. The alternator supplies power for all vehicle loads and
charges the battery pack, while batteries provide energy storage, filter alternator
output, and supply power during alternator overload conditions. Battery packs
may contain single or multiple batteries in series, parallel, or hybrid configurations.

With lead-acid batteries, undercharging causes sulfation (lead sulfate formation),
a primary failure mode. Overcharging produces dangerous gassing and reduces
lifespan. Deep discharge below 70% rated capacity—often caused by parasitic
loads during extended vehicle downtime—can cause failure within few cycles.
Even in storage with no parasitic loads, lead-acid batteries self-discharge
at approximately 5% monthly (increasing to 4% weekly at 27°C). Battery
performance also varies significantly with temperature. Cold temperatures
increase internal resistance and reduce capacity, while excessive heat accelerates
corrosion and degradation.

All these varying conditions create battery imbalances in series configurations,
potentially leading to overvoltage charging. Additionally, many of these charging
system issues contribute to a decrease in the overall performance and efficiency
of an internal combustion engine, negatively impacting vehicle availability and
resulting in increased operating costs.
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Smart Charging Ecosystem

Charging System To address charging system issues and improve overall vehicle performance and
. efficiency, C.E. Niehoff & Co. (CEN) has developed an ecosystem of smart, fully
Block Diagram - . .
digital, plug-and-play products for vehicle OEMs and integrators no matter the
application, complex charging system challenge or operating environment.
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Smart Charging Ecosystem

Alternator(s) and Regulator(s)

The system utilizes heavy-duty, high-efficiency alternators in VOLTAGE VS. TEMPERATURE WITH TEMPERATURE SENSOR

single or multiple unit configurations based on available space CONNECTED

claim and output requirements to support application loads. m C_me— E:wi
Each alternator incorporates a J1939-enabled regulator that N 28:5 \ ~~~~~~ Ag GoondzmS|
communicates real-time information with other charging 8 e \ fotn B
system components and application devices connected to gm \\\

the J1939 backbone. In multiple alternator configurations, o \\\\

either two regulators exchange information to synchronize s T

operation and distribute loads proportionally or a single ’ P weaee oo
regulator manages system operation resulting in improved Fig 2.

thermal performance and efficiency. This approach differs
from standard parallel connections, where one alternator
supports the entire load until overloaded before the second
unit engages.

The regulator can receive battery pack condition data
including: voltage, current, temperature, state of charge (SOC),
and state of health (SOH) from other system components.
This information enables the regulator to adapt its charging
algorithm in real-time to optimize battery operating
conditions. Temperature compensation automatically adjusts
charging voltage: increasing voltage at low temperatures to ; ‘
prevent undercharging and sulfation and reducing voltage 1 2 3 4
at high temperatures to prevent overcharging and gassing. ‘ :
Multiple voltage-temperature curves are preprogrammed e
for different battery types (flooded, maintenance-free, AGM, Fig 3.
etc.), as illustrated in Figure 2. Additionally, the regulator

monitors voltage differential between alternator and battery,

compensating for power cable voltage drop to ensure proper

charging voltage reaches the battery.

MULTI STAGE CHARGING

VOLTAGE/CURRENT

For deeply discharged batteries (low SOC), the system limits
battery current to a safe charging rate to protect the battery
plates via a staged charging process. (Figure 3)
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Smart Charging Ecosystem

Battery Equalizer

The smart battery equalizer ensures proper balance of series-connected batteries,
particularly when application loads connect to intermediate points within the battery string.
This configuration can create battery imbalances where one battery experiences extremely
low charging voltage while the other experiences extremely high charging voltage. The
equalizer monitors individual battery voltages and transfers energy from higher-voltage
batteries to lower-voltage batteries, maintaining optimal balance.

The equalizer measures battery voltage, current, temperature, SOC, and SOH, communicating
this data via J1939 to the alternator’s regulator and other connected application devices.
Additionally, the equalizer provides Low Voltage Disconnect (LVD) functionality that monitors
batteries against predefined conditions (low voltage thresholds over specified time periods)
when the alternator is not charging. The LVD system uses multiple embedded programmable
outputs to disconnect loads based on different priorities and strategies and can disconnect
the entire battery pack if discharge levels become excessive. Battery reconnection is
accomplished via a manual reset button. The LVD function ensures batteries avoid damage
from over-discharge while maintaining vehicle starting capability when needed.

For applications with multiple battery strings, multiple equalizers can be installed, with the
regulator automatically reading and processing information from each unit.

Battery Isolator

Complementing the charging and balancing functions, battery isolators separate multiple
battery packs from each other and from specific loads, such as isolating the starting battery
pack from vehicle loads to ensure reliable engine starting capability when operating in
hazardous environments or where vehicle mobility is essential. The integrated smart charging
solution optimizes battery performance by maintaining proper charging parameters aligned
with battery chemistry requirements, extending operational life. Some field applications
have demonstrated battery life extensions from 4 months to over 2 years under comparable
operating conditions.

This structure creates a logical flow that shows how each component builds on and works
with the others in the complete charging ecosystem.
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Charging System Power Quality

Power quality within the vehicle charging system is vital.
Voltage spikes, surges, and ripple may disturb sensitive
vehicle loads, disrupting their operation and resulting
in additional inefficiencies and downtime affecting
operational performance and cost. The smart charging
ecosystem incorporates active power quality monitoring and
management features:

Over Voltage Cut Out (OVCO)

The voltage regulator continuously monitors alternator
voltage and disables the alternator if voltage exceeds a
predetermined threshold for longer than 3 seconds, while
alerting the vehicle control modules of the occurrence.

Load Dump Voltage Surge and Spike Clamping

A built-in centralized voltage surge and clamping feature
is incorporated into each alternator to effectively clamp
voltage spikes caused by load dumps to levels typically 75%
below applicable industry standards.

Figure 4 demonstrates voltage surge and spike management
capabilities. The red dashed line indicates voltage limits
imposed by the centralized clamping feature. The violet solid
line shows voltage spike amplitude with active minimization
engaged, compared to systems without this feature (brown
and orange solid lines).

Active Voltage Surge and Spike Minimization

Voltage surges and spikes commonly result from sudden
alternator speed changes during transmission shifting or
downhill operation. To address this, an active surge and
spike energy reduction feature built into the regulator
detects when one is about to occur and minimizes both the
duration and amplitude of the event, often reducing levels
to near 10% of the initial amplitude.
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Voltage Ripple Filtering

Excessive noise current through the engine block can affect
engine efficiency by disrupting engine sensor operation.
To address this, the alternator incorporates voltage ripple
filtering to minimize this noise current.

Fig 4.



Data Collection, Diagnostics and Prognostics

Alt. |Batt.| Set | ign. Fietg,| Field| Alt. | Reg. | Batt. |comp.|
Time _|Volt, \volt., Point Volt.|RPM "\, | Limit, | Temp. Temp. Temp. | Volt, |’ )

V| VL IvE VI [ 23 1 [ (S I (e I Y (R I A4

24.01|24.77| 27.23| 9

27.81|27.62| 27.81 20|

29.14|28.97] 29.00| 7]

0:11:
0:11:30
0:12:00

27.05 27.12 27.86 039 0 0
27.72 27.58 27.76 27.65 2000 25
27.86 27.65 27.83 27.76 2000 23
27.69 27.58 27.76 27.69 2000 23
27.76 27.58 27.76 27.72 2000 25
27.76 27.62 27.79 27.76 2000 24
27.79 27.62 27.79 27.72 2000 25
27.86 27.65 27.83 27.79 2000 23
27.86 27.65 27.83 27.79 2000 23
27.79 27.58 27.76 27.72 2000 25
27.76 27.62 27.79 27.76 2000 23
27.86 27.65 27.86 27.76 2000 25
27.69 27.62 27.76 27.69 2000 24
27.83 27.62 27.79 27.76 2000 25
27.83 27.62 27.79 27.72 2000 25
27.76 27.65 27.83 27.76 2000 23
27.76 27.62 27.79 27.72 2000 24
27.76 27.62 27.76 27.72 2000 23
27.76 27.58 27.76 27.69 2000 24 100
27.72 27.62 27.72 27.65 2000 22 100
27.76 27.58 27.72 27.69 2000 23 100
27.86 27.62 27.79 27.72 2000 24 100
27.76 27.51 27.69 27.69 1900 23 100
27.62 27.40 27.58 27.51 2800 18 100
27.94 27.69 27.72 27.86 3500 13 100
27.83 27.76 27.79 27.76 3700 13 100
27.76 27.62 27.72 27.72 4800 12 100
27.62 27.51 27.79 27.51 3000 20 100
27.76 27.62 27.76 27.69 2700 18 100
27.76 27.62 27.79 27.76 2900 17 100
27.69 27.69 27.79 27.62 3800 14 100
27.76 27.51 27.76 27.72 3600 15 100
27.72 27.97 27.69 27.69 4600 13 100

Fig 5.
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Data collection, diagnostics and prognostics capabilities are integral to the
complete smart charging system.

Data Collection

The system incorporates a comprehensive data logging functionality comprising
two elements: real-time data logs (Figure 5) and lifelong histograms (Figure 6).
Real-time data logs retain the last 200+ hours of all device parameters (voltages,
currents, temperatures, speed, operating parameters, and configurations).
Lifelong histograms record parameter distribution throughout the product’s
operational life.

Readers immediately know which figure corresponds to which element when
they’re first introduced, rather than having to connect them later in the detailed
descriptions.

System Voltage

System Voltage Not Available[23]
System Voltage >32.49V
System Voltage 32.00-32.49V
System Voltage 31.50-31.99V
System Voltage 31.00-31.49V
System Voltage 30.50-30.99V
System Voltage 30.00-30.49V
System Voltage 29.50-29.99V
System Voltage 29.00-29.49V
System Voltage 28.50-28.99V
System Voltage 28.00-28.49V
System Voltage 27.50-27.99V
System Voltage 27.00-27.49V
System Voltage 26.50-26.99V
System Voltage 26.00-26.49V
System Voltage 25.50-25.99V
System Voltage 25.00-25.49V
System Voltage 24.50-24.99V
System Voltage 24.00-24.49V
System Voltage 23.50-23.99V
System Voltage 23.00-23.49V
System Voltage 22.50-22.99V
System Voltage 22.00-22.49V
System Voltage <22.00V[00]

0% 5% 10% 15% 20% 25% 30% 35% 45% 50%

Alternator Temperature

Alternator Not Available...
Alternator Temperature >+179C
Alternator Temperature +170Cto+179C
Alternator Temperature +160Cto+169C
Alternator Temperature +150Cto+159C
Alternator Temperature +140Cto+149C
Alternator Temperature +130Cto+139C
Alternator Temperature +120Cto+129C
Alternator Temperature +110Cto+119C
Alternator Temperature +100Cto+109C
Alternator +90Cto+99C
Alternator +80Cto+89C
Alternator +70Cto+79C
Alternator +60Cto+69C
Alternator Temperature +50Cto+59C
Alternator Temperature +40Cto+49C
Alternator Temperature +30Cto+39C
Alternator Temperature +20Cto+29C
Alternator Temperature +10Cto+19C
Alternator Temperature 0Cto+9C
Alternator Temperature -10Cto-1C
Alternator Temperature -20Cto-11C
Alternator Temperature -30Cto-21C
Alternator Temperature -40Cto-31C[180]

10% 15% 20% 25% 30% 35% 40%

Fiq 6.
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Data Collection, Diagnostics and Prognostics

Diagnostics

Each device from the smart charging ecosystem provides multiple levels of
diagnostic capability. For base-level troubleshooting, the voltage regulator utilizes
a diagnostic LED indicator providing quick visual reference to operational status
(Figure 7). For comprehensive analysis, freely available, proprietary diagnostic
software enables system monitoring when connected to the vehicle’s 31939
backbone and displays operational information from all installed charging
system components (Figures 8 to 11). Communication between components is
enabled via the J1939 network, making data available to all connected devices
and supports Diagnostic Trouble Codes (DTC) per 31939 standard. The software
supports 31939 to USB adapters compliant with the RP1210 standard as well as Fig 8.
PEAK System CAN to USB adapters, enabling widespread serviceability without
additional specialized equipment.

LED Indicator Codes

RN

Flashing AMB - Standby or No A/C
Steady AMB - Low Voltage

uREE




Data Collection, Diagnostics and Prognostics

Prognostics

The smart charging ecosystem’s components utilize digital architectures that
allow them to collect, store, and exchange data with other devices connected
to the vehicle’s 31939 network. This digital architecture enables advanced
prognostic features by transforming operational data into actionable insights
across temperature, mechanical, and electrical domains.

The digital architecture enables a range of prognostic capabilities, with the
following examples demonstrating the system’s predictive monitoring potential:

Preventive Maintenance Identification: Temperature monitoring enables ECM
notification of out-of-spec thermal conditions, supporting proactive identification
of potential maintenance requirements, such as cleaning air-cooling paths ahead
of performance impacts.

Dynamic Power Management: Input torque measurement enables adaptive engine
power allocation by limiting alternator output current when additional engine
power is needed on demand.

Mechanical Anomaly Detection: Comparative analysis of alternator and engine
speeds enables identification of potential belt slippage, supporting early detection
of mechanical performance degradation.

Maintenance Interval Optimization: Calculating running hours, alternator speed,
and temperature enables more accurate timing of periodic bearing maintenance

Electrical System Reliability Prediction: Monitoring comparative alternator and
battery voltages for signs of increased voltage drop could alert the system to
potential thermal events caused by overheating, loose-fitting cable connections

Battery Lifecycle Management: Monitoring battery parameters enables calculation
of State of Charge and State of Health, supporting proactive battery replacement,
determining remaining runtime before Low Voltage Disconnect is engaged when
the engine is off, and optimizing Start/Stop engine function activation.
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Conclusion

The smart charging ecosystem represents a significant advancement in vehicle
electrical system management, demonstrating how integrated digital architectures
can transform performance and reliability. By providing comprehensive monitoring,
predictive maintenance capabilities, and adaptive power management, this
approach not only minimizes operational downtime but also extends component
lifecycles. As vehicle technologies continue to evolve towards more complex and
connected systems, such intelligent, data-driven charging solutions will become
increasingly vital in optimizing fleet performance, reducing operational costs, and
supporting ongoing vehicle engineering improvements.
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