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Design of a programmable power supply and electronic load experimental device
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(1. School of Aviation Engineering, Jiangsu Aviation Technical College, Zhenjiang 212134, China;
2. School of Electronic Information, Soochow University, Suzhou 215021, China;
3. Suzhou Ulicar Technology Limited Company, Suzhou 215000, China)

Abstract: [Objective] With the continuous advancement of technology, the traditional on-board USB Type-A interface will be gradually
replaced by the new generation of on-board USB Type-C interface, which supports Power Delivery (PD) protocol and offers output power
of up to 100 W. This interface is equipped with a corresponding USB HUB device. For efficient power transmission, the on-board USB
HUB device can provide dynamic load sharing without compromising charging efficiency and reliability. However, currently, few
on-board USB Type-C HUB devices exist that support the PD protocol, and their operational effectiveness requires further validation. To
evaluate these on-board USB HUB devices, an experimental setup was designed comprising a 1-channel programmable power supply with
5~20 V and a 2-channel programmable electronic load with 0~10 A. [Methods] The experimental device independently designs the
programmable power module and electronic load module, considering the isolation of the power supply and various signals. A core
processor module is used to connect each submodule to ensure the safety and stability of each module. The main circuit of the
programmable power module follows the voltage control Buck circuit principle, achieving programmable voltage output using an
adjustable constant current source circuit. Loop compensation is incorporated to improve output voltage stability. The programmable
electronic load module mainly uses MOSFETSs and zero-drift operational amplifiers, leading to a simple circuit structure that effectively
meets the application requirements. In addition, the programmable power supply and electronic load modules are equipped with voltage
and current measurement feedback circuits, enabling real-time acquisition of test data. [Results] The test and practical application results
demonstrate that the experimental device can provide a flexible and adjustable 5~20 V DC power supply and a 0~10 A electronic load.
The device effectively characterizes the high power, low power, and protection features of the USB HUB product under test. The
experimental device offers several advantages, including high output stability, minimal error, and a noise disturbance error of
approximately 2.7%. In addition, it exhibits a fast response time, with the ability to turn off the output within 10 ms and resume it within
20 ms. Furthermore, the experimental device features real-time data collection, enabling the voltage and current values to be read using an
ADC acquisition port and uploaded to the upper computer for real-time monitoring, ensuring good intuitiveness. [Conclusions] The
experimental device designed in this study demonstrates high safety, stability, and corresponding speed. In addition, the device can
successfully complete the product testing of vehicle USB Type-C HUBs supporting the PD protocol and is applied in actual product
testing. Simultaneously, based on the design principles outlined, the 2-channel programmable electronic load in the experimental device
can be expanded to multiple channels. Through the modification of the corresponding software, the device can be further adapted for use
in other fields to support PD protocol USB Type-C interface and related HUB device testing, offering substantial practical application
potential and value.

Key words; USB PD; programmable power supply; programmable electronic load; loop compensation
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