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Introduction 
The growing adoption of LiFePO₄ batteries has changed expectations for RV electrical 
systems. Compared to traditional lead-acid batteries, lithium batteries provide greater 
usable capacity, faster recharge times, and longer service life. As more RV owners upgrade 
to lithium, expectations for charging performance have increased as well. Understanding 
whether those expectations are being met requires looking beyond the charging source to 
consider the complete electrical path between the converter and the battery 

A common assumption is that placing a converter into lithium mode, or confirming that Auto-
Detect has selected a lithium charging profile, is all that is required to achieve optimal 
charging. In reality, the charging profile is only one part of a much larger electrical system. 

Every charging source delivers energy to the battery through the RV's electrical system. 
Whether the charging source is a converter, inverter/charger, or another charging device, 
the electrical path between the charging source and the battery is a key factor in charging 
performance. Battery cables, circuit protection, disconnect switches, electrical connections, 
and the battery's Battery Management System (BMS) all contribute to the voltage and 
current that ultimately reach the battery. These same installation characteristics also 
influence technologies such as Auto-Detect, which evaluate battery behavior through the 
electrical system. 

Understanding the complete charging environment explains why two RVs equipped with the 
same converter and battery can exhibit very different charging performance. 

Understanding the Charging Path 
Although attention often focuses on the charging source, it represents only the starting 
point of the charging circuit. Before charging energy reaches the battery cells, current 
passes through battery cables, electrical terminals, circuit breakers or fuses, disconnect 
switches, chassis grounds, and the battery's internal BMS. Each component contributes 
some electrical resistance to the charging path. 

Throughout this paper, these components are collectively referred to as the installation 
environment. While each performs a specific function within the charging system, together 
they define the electrical characteristics of the charging path between the charging source 
and the battery. 

Each component contributes a small amount of electrical resistance. Individually these 
resistances are typically insignificant, but together they influence both the voltage available 
at the battery terminals and the amount of charging current the battery can accept. 

Resistance exists in every RV charging system, regardless of battery chemistry. The 
difference is that lithium batteries can accept substantially higher charging current than 
traditional lead-acid batteries. As charging current increases, the effects of resistance—and 
the resulting voltage drop—become more pronounced. Understanding this relationship is 
essential to understanding why the installation itself plays such an important role in 
charging performance. 



 

 

Figure 1. The Complete Charging Path 

 

 

 

 

 

 

 

 

 

Why Installation Matters 
Every conductor has electrical resistance. Whenever current flows through that conductor, 
a voltage drop develops along its length. This fundamental principle applies to every RV 
charging system. 

These electrical losses had relatively little effect on lead-acid batteries because they 
naturally reduce their current demand as their state of charge increases. As a result, 
moderate voltage losses within the installation often had little impact on overall charging 
performance. 

Lithium batteries behave differently. Because they maintain high current acceptance over a 
much larger portion of the charging cycle, they place greater demands on the electrical 
installation. A wiring system that performed adequately with lead-acid batteries may 
introduce sufficient voltage drop to prevent the charging source from delivering its full 
charging capability to the battery. 

The electrical characteristics of the charging path therefore play a significant role in overall 
charging performance. Even when every component is operating as intended, the combined 
effects of conductor resistance, electrical connections, and circuit protection influence the 
voltage and current available at the battery terminals. 

 

 

 

 



 

 

The Effects of Voltage Drop 
Voltage drop is one of the most significant installation factors affecting lithium battery 
charging. 

As charging current flows through cables and electrical connections, a portion of the 
converter's output voltage is lost before it reaches the battery terminals. The magnitude of 
this loss depends on conductor length, conductor size, connection quality, and charging 
current. 

Although the voltage drop across any individual component may be small, these losses 
accumulate throughout the charging path. 

A long battery cable contributes one portion of the loss. A resettable circuit breaker 
introduces another. Disconnect switches, terminals, and ground connections each add a 
small amount of resistance. Individually, these components rarely prevent normal operation. 
Together, however, they can reduce battery voltage enough to noticeably affect charging 
performance. 

This cumulative effect often explains why two otherwise similar RVs can produce noticeably 
different charging results. 

Figure 2. Small Electrical Losses Become Significant 

 

 

 

 

 

 

 

Recognizing the Effects of Installation Resistance 
Installation-related resistance can influence charging performance in several ways. RV 
owners and service technicians may observe longer charging times, batteries that appear 
slow to reach full charge, lower-than-expected charging current, or Auto-Detect selecting a 
lead-acid profile when a lithium battery is installed. While these symptoms are often 
attributed to the charging source, they may instead indicate characteristics of the 
installation environment that influence the voltage and current reaching the battery. 

These observations do not necessarily indicate a problem with the charging source, battery, 
or any individual component. Rather, they reinforce the importance of evaluating the 
complete charging path when assessing lithium battery charging performance. 



 

 

Installation Design and Lithium Charging 
Although voltage drop is governed by fundamental electrical principles, the amount present 
in an RV depends largely on installation design. Cable routing, conductor sizing, circuit 
protection, and packaging constraints all influence the electrical path between the 
converter and the battery. 

RV electrical systems are the result of numerous engineering tradeoffs that balance 
electrical safety, packaging constraints, manufacturability, serviceability, weight, and cost. 
Although these design tradeoffs vary from one RV to another, they all become part of the 
installation environment through which charging energy must travel before reaching the 
battery. 

Long cable runs require larger conductors to minimize voltage drop. Likewise, components 
such as resettable circuit breakers, while essential for circuit protection, become part of the 
charging circuit and contribute additional resistance. 

The purpose of recognizing these effects is not to suggest that these components are 
unnecessary or improperly designed. Rather, it is to acknowledge that every component in 
the charging path contributes to overall system performance. 

The battery itself also plays an active role in the charging process. Unlike lead-acid 
batteries, lithium batteries rely on an internal Battery Management System (BMS) to monitor 
and manage charging conditions. The BMS influences the battery's ability to accept a 
charge, making the voltage and current delivered through the charging path just as 
important as the charging profile provided by the charging source. 

Why This Also Affects Auto-Detect 
Auto-Detect technology identifies battery chemistry by evaluating the battery's electrical 
response during charging. Rather than relying on a manually selected charging profile, it 
observes battery behavior before selecting the appropriate charging algorithm. 

Because these observations occur through the same electrical path used to deliver 
charging current, installation characteristics influence what the converter can measure. 

If voltage drop or other installation-related factors alter the battery's electrical behavior as 
seen by the converter, they can also influence battery detection. As a result, concerns 
initially attributed to Auto-Detect may actually originate elsewhere in the charging system. 

This relationship illustrates an important principle: the same installation characteristics that 
affect charging performance also affect the information available to technologies designed 
to optimize charging. 

 

 

 



 

 

Understanding the Complete System 
A common misconception surrounding lithium battery upgrades is that selecting the proper 
charging profile alone guarantees optimal charging performance. 

In reality, the charging profile establishes only the converter's operating parameters. Actual 
charging performance is determined by the complete electrical path through which 
charging energy must travel. 

Appropriate conductor sizing, minimizing unnecessary resistance, maintaining clean 
electrical connections, and ensuring properly functioning circuit protection all improve the 
charging environment. These practices help the converter deliver charging energy more 
effectively while also providing technologies such as Auto-Detect with a more accurate 
representation of the battery's electrical characteristics. 

Conclusion 
Lithium battery technology has significantly increased the performance expectations placed 
on RV charging systems. Although the charging source plays an important role in lithium 
battery charging, overall charging performance cannot be evaluated independently of the 
electrical system in which it operates. 

The complete charging path, from the charging source to the battery, plays a significant role 
in determining the voltage and current ultimately available for charging. Understanding this 
relationship provides RV owners, service technicians, and manufacturers with a more 
effective framework for evaluating charging performance and diagnosing charging 
concerns. 

Rather than viewing the charging source as the sole determinant of battery charging, it is 
more accurate to view the charging system as an integrated electrical path in which every 
component influences the battery's ability to accept a charge. 

 

 

 

 

About WFCO Technical Insights 

WFCO Technical Insights are educational engineering resources created to improve understanding 
of RV electrical systems and technologies. Designed for RV owners, service technicians, dealers, 
OEMs, and industry professionals, each publication examines a single topic through practical 
engineering principles and real-world applications. The goal is to provide technically sound, 
accessible information that supports safer installations, more effective troubleshooting, and better-
informed technical decisions. 


