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Table 1 Main Design Requirements for the Off-Grid Vehicle-Mounted Power Supply

ERERE P Wit B MR
. AR EE ), B 25 (R T RRA FSBB TE /LA
Hedr R B PR IR A TR Bt MPPT
e KHR. imﬁ%ﬁﬁé“m)%m‘ B i
B [SENN=] RN Sy At
R ST e SRS (BMS)
. s e WA LLC 5
JRTE, AFTCHA RS HERAIET
AR e y GIP7IES ¢
RAE S e 7 P Ty SR B ﬂﬁ%iﬂiﬁEﬂWO/

https://doi.org/10.68070/0t7jya02

www.bsjn.com/astr/zh_Hans



2026 £ 7 H

1 B 1 T B 2R O 00 P2 — (A FRLR™ A & 5 P RE S IE ‘9

et | BRI R R
Table 1(continued) Main Design Requirements for the Off-Grid Vehicle-Mounted Power Supply
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Figure 1. Operating schematic of the off-grid vehicle-mounted integrated photovoltaic—energy storage-inverter—control power supply
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Figure 2 Schematic Diagram of the Operating-Mode Division of the FSBB Converter
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Figure 3 Comparison of Output-Voltage THD under Three Inverter Control Strategies
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Table 4 Product Development Stages and Resulting Achievements
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Figure 4 Prototype Hardware and Complete-System Experimental Test Platform
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Product Development and Performance Verification of an Off-Grid
Vehicle-Mounted Photovoltaic—Storage—Inverter Integrated Power

Supply

MAN Jiale
Jiangsu Hanheng Dehuan Intelligent Technology Co., Ltd., Lianyungang, Jiangsu

Abstract: To develop an integrated off-grid vehicle-mounted power product for recreational vehicles and
mobile operations, addressing the limitations of dispersed equipment, restricted photovoltaic input adaptability,
bidirectional energy management and parallel expansion. A power chain comprising a four-switch buck—boost
wide-voltage photovoltaic interface, a 51.2 V lithium iron phosphate battery, a bidirectional full-bridge LLC
converter and a bidirectional power-factor-correction/inverter stage was established. Maximum-power-point
tracking, compound repetitive control and adaptive virtual-impedance strategies were applied, followed by
staged verification of core modules, a 4 kW integrated prototype and a dual-inverter parallel platform. The
system accepted a photovoltaic input of 15-130 V, with a maximum steady-state tracking efficiency of 99%.
The charging power factor was 0.99 and the input-current total harmonic distortion was 1.44%. The 4 kW
prototype achieved an output-voltage total harmonic distortion of 0.69% under a linear load, and adaptive
virtual impedance reduced the parallel current-sharing settling time to 0.08 s. The product has established an
integrated technical system combining wide-voltage photovoltaic access, bidirectional isolated conversion,
intelligent battery management, low-distortion AC output and modular expansion. The staged transition from
core modules to an integrated prototype and a parallel platform provides a technical basis for 3-6 kW product
series and 10 kW-class expanded systems.

Keywords: off-grid vehicle power supply; photovoltaic—storage—inverter integration; four-switch buck—boost;
parallel control; product development

https://doi.org/10.68070/0t7jya02 www.bsjn.com/astr/zh_Hans



	0 引言
	1 应用需求与总体方案
	1.1 移动离网供能需求
	1.2 典型产品方案及不足
	1.3 系统总体架构与运行模式

	2 关键功率拓扑与硬件设计
	2.1 四开关升降压（FSBB）宽压光伏变换模块
	2.2 双向全桥LLC隔离变换模块
	2.3 双向 PFC/逆变模块
	2.4 BMS与通信硬件
	2.5 关键参数设计与损耗估算

	3 控制策略设计
	3.1 基于行为阶段策略的MPPT算法
	3.2 双向PFC平均电流控制
	3.3 逆变电压复合控制与参数优化
	3.4 并机功率分配与二次调节

	4 产品研发进展与性能验证
	4.1 产品研发阶段与样机迭代
	4.2 测试条件、数据处理与可靠性说明
	4.3 FSBB 模态与 MPPT 实验
	4.4 交流充电与双向变换实验
	4.5 逆变输出与动态响应
	4.6 并机电流均分实验

	5 产品技术先进性与竞争优势分析
	5.1 高集成与宽输入适应优势
	5.2 双向隔离与能量调度特征
	5.3 电能质量与动态响应性能
	5.4 系列化与平台化研发能力
	5.5 产品定型与产业化推进方向

	6 结论
	参考文献

