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Test objectives and methodology

The widespread use of Artificial Intelligence (AI) workloads 
and instances necessitates uninterruptible power supply 
(UPS) systems capable of managing step changes in graphics 
processing unit (GPU) load during operations without power 
supply disruptions. This technical note details how Vertiv’s 
large UPSs successfully maintain IEC 62024-3 Class 1 power 
supply stability under various conditions, serving as a 
performance reference for UPS deployments supporting AI 
clusters. 

A performance test was conducted on the Vertiv™ Liebert® 
EXL S1, Vertiv's large UPS system that shares component 
architecture with the recently launched Vertiv™ Trinergy™. In 
the test, the Liebert® EXL S1 is interfaced with power loads 
from high-performance computing applications in AI data 
centers. The primary objective was to evaluate the UPS 
system’s ability to maintain stable output voltage and current. 

The test involved detailed monitoring and analysis of the 
UPS’s performance parameters, including input and output 
voltage, current, and frequency. Throughout multiple AI 
training cycles, specific focus was given to the UPS system's 
response to the AI workload's high compute and idle cycles.

Key performance metrics were assessed in three 
different scenarios:

1. During operation on utility 

2. During the transition from utility to generator

3. During operation on generator

AI training cycle in high-performance computing

The AI power load (running on NVIDIA H100 GPU) consists 
of 2 seconds of high computing load at 90% of the nominal 
large UPS power followed by 2 seconds of idle at 50% of the 
nominal UPS systems power in AI data centers.

AI power load profile zoom view:

AI power load profile macro view:

https://www.vertiv.com/en-us/solutions/artificial-intelligence/
https://www.vertiv.com/en-us/about/news-and-insights/articles/educational-articles/what-is-a-ups/
https://www.vertiv.com/en-us/about/news-and-insights/articles/educational-articles/what-is-a-ups/
https://www.vertiv.com/en-us/products-catalog/critical-power/uninterruptible-power-supplies-ups/liebert-exl-s1/
https://www.vertiv.com/en-us/products-catalog/critical-power/uninterruptible-power-supplies-ups/liebert-exl-s1/
https://www.vertiv.com/en-us/campaigns/vertiv-trinergy-campaign/
https://www.vertiv.com/en-us/about/news-and-insights/articles/educational-articles/what-is-high-performance-computing/
https://www.vertiv.com/en-us/products-catalog/critical-power/uninterruptible-power-supplies-ups/#/
https://www.vertiv.com/en-us/products-catalog/critical-power/uninterruptible-power-supplies-ups/#/
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Scenario 1: Operation on utility

In this scenario, the performance of Vertiv™ Liebert® EXL S1 in handling AI 
workloads while operating on utility power was evaluated. The analysis focused on 
input and output voltage, current, and frequency during multiple AI training cycles. 
The AI power load introduced rapid changes in current, creating significant 
fluctuations in the input signals. Despite these fluctuations, the UPS system 
effectively regulated the output, maintaining stable voltage and frequency. Detailed 
observations showed that the UPS handled the pulsing AI power load without 
significantly impacting the output parameters.

Instantaneous output voltage and current over several AI training cycle:
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Battery usage analysis

The following shows the macro view of the battery voltage and UPS DC Link 
voltage (top trace), Phase A Input current (2nd trace), Phase A Output voltage (3rd 
trace), and Phase A Output current (4th trace). The battery current was not able to 
be measured since the battery was only used during the break-before-make 
transfer from the utility to the generator. Otherwise, the battery is never used as 
the load from high-performance computing applications pulses. The output 
voltage is maintained well within IEC Class 1.

https://www.vertiv.com/en-emea/about/news-and-insights/articles/educational-articles/what-is-an-hpc-data-center/
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Scenario 2: Transition from utility to generator

In this scenario, the performance of Vertiv™ Liebert® EXL S1 during a transition 
from utility power to generator power was analyzed. Key parameters such as input 
voltage, current, and frequency were recorded to observe the effects of the 
automatic transfer switch's break-before-make transition. The primary focus was to 
assess the UPS's capability to maintain stable output voltage, current, and 
frequency during this critical transition period. The AI power load's pulsing nature 
introduced fluctuations in the input signals. Despite this, the UPS system 
successfully maintained consistent output parameters, managing power source 
transitions without compromising the load's stability.

Output voltage, current, and frequency:
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Input voltage, current, and frequency
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Scenario 3: Operation under generator

In this scenario, Vertiv™ Liebert® EXL S1 was tested with AI power load while 
operating on generator power. The test included zoomed-in and extended views of 
the AI training cycles, focusing on input and output voltage, current, and frequency. 
The generator created fluctuations in voltage and frequency, but the UPS system 
effectively regulated the output, allowing a minimal variation in voltage and 
frequency supplied to the AI power load. Detailed observations revealed that the 
large UPS could handle rapid fluctuations and high slew rates in input current and 
maintain stability in output currents and voltages.
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Test outcome

The testing of Vertiv™ Liebert® EXL S1 demonstrated the system’s capability to provide 
a reliable power supply to AI power loads across multiple scenarios, including operation 
under generator, utility, and transition conditions. This facilitates continuous and 
consistent operation of accelerated computing applications.

The tests demonstrated that Liebert® EXL S1 can provide consistent power to AI 
workloads having a unique load profile, that effectively looks like a repetitive load step 
followed by a load drop and maintain compliance with IEC 62040-3 Class 1 voltage 
performance specifications.

Vertiv™ large UPS systems are designed to  
manage AI power loads

Vertiv™ UPS solutions are designed to handle step load changes. Although these tests 
were carried out on Vertiv™ Liebert® EXL S1, same behavior is shared with other large 
power UPS, including the recently launched Vertiv™ Trinergy™ and Vertiv™ PowerUPS 
9000. 

In addition, Vertiv™ large UPS have unmatched overload capabilities and are designed 
to support also load increases well beyond the rated power. Below are the superior 
overload capabilities of Vertiv Trinergy: 

All Vertiv UPS are rugged and resilient, with the ability to handle the pulsing load profile of high-performance computing applications.

Vertiv™ Trinergy™

Overload Capabilities 
at 25°C

110% continuous
125% for 10 min
150% for 1 min

Overload Capabilities 
at 40°C

110% for 550 sec
125% for 130 sec
150% for 25 sec

Table 1. Vertiv™ Trinergy™ overload capabilities 
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As artificial intelligence (AI) advances, it imposes new demands on critical power infrastructure. This shift requires 
innovative solutions to handle higher power density servers, spikey and dynamic AI power loads, and the integration of 
liquid cooling systems with very low thermal inertia. Traditional power sources are becoming constrained, necessitating the 
adoption of alternatives. Vertiv addresses these evolving needs with resilient solutions designed to minimize the impact of 
single-point failures and support distributed power protection.

AI Load Challenges:

1 Power Fluctuations:

• Artificial intelligence (AI) has a unique load profile, characterized by rapidly fluctuating power demand and in turn Spikey/Fast 
dynamic loads.

• Power fluctuations may be reflected on the grid or local generator leading to power quality and grid stability issues.

• Quick but repeated overloads may cause voltage sags and equipment to switch to back up power.

2 Thermal Cycling:

• Thermal cycling of UPS components may impact equipment life.

3 Coolant Distribution Units (CDUs):

• Liquid cooling for GPU has very low thermal inertia (1-10 secs).

4 Power Density Requirements:

• Adopting higher voltage distribution to handle increasing power demands.

AI load management solutions for data centers
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Adapt to variable AI power loads with Vertiv™ Trinergy™

Vertiv™ Large UPS systems are engineered to efficiently 
manage AI applications, handling rapid load changes without 
performance degradation to enable continuous operation. 
These systems protect power sources from sudden step 
loads and support increased rack power density by operating 
at higher voltages, making them ideal for the demanding 
requirements of AI applications. 

Vertiv's approach emphasizes modular and scalable solutions 
to meet the increasing demands of AI and high-density 
computing. Vertiv™ Trinergy™ enhances performance, 
modularity, resilience, reliability, and efficiency. It represents 
the next generation of power management systems built on 
over 40 years of technical innovation and global field-proven 
experience.
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