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Abstract— Industrial electrical equipment is often affected by power 

supply disturbances, most notably voltage sags. Numerous Electric 

Power Research Institute (EPRI) studies have found that the common 

general-purpose AC relay contributes to many of these electrical 

equipment shutdowns. Typically referred to as an “ice cube” relay 

due its clear plastic cover that resembles a square ice cube, these AC-

powered relays may be susceptible to many voltage sags that do not 

affect other elements of a control system. Therefore, they present an 

“Achilles heel” that may cause an entire machine, processing line, or 

entire factory to shut down during minor voltage sags. This paper 

discusses how EPRI set out to address the power quality issues 

endemic to the common AC “ice cube” relay and the resulting 

development a new and innovative solution to this frequent problem. 

Called the “Nice Cube”, this simple yet elegant solution greatly 

improves the general purpose relay voltage sag ride-through 

performance of a control circuit without any additional wiring 

required and with minimal equipment downtime. This paper 

discusses the background of the technology, its improvement over the 

standard AC “ice cube” relay, the reasons why this approach is ideal, 

and current applications of the new technology in industrial facilities. 

Finally, the paper describes the EPRI project to demonstrate this 

technology in field applications to lower equipment downtime and 

improve industrial productivity and subsequent profitability.  

Keywords- power quality, Nice Cube, AC general-purpose relays, 

standards, SEMI F47-0706, IEC 61000-4-11 

I. INTRODUCTION 

 

In 2009, EPRI began an effort to lead industry in creating 

improved AC “ice cube” relays that could withstand voltage 

sags without dropping out in the 2009 white paper entitled 

“AC Ice Cube Relays Applied for Improved Power Quality.” 

This white paper outlined the basic design and vulnerability of 

these common devices that, while less used than in earlier 

industrial controls, often appear in modern industrial control 

circuits in pilot relay applications in many motor-control 

circuits or when permissives or interlocks are needed between 

two elements, such as PLC and motor-control center, variable-

frequency drive, or another separate machine or control 

system. Control relays may be used in safety-related circuits 

where hardwired controls and interlocks are considered the 

best option.  

 

Among the many types of control relays available, one of the 

most common types known as the “ice cube” is shown in 

Figure 1. 

 
 

Figure 1 

Typical AC Ice Cube Style Relay 

 

The relays and contacts of these units are normally housed in 

clear plastic, which has the appearance of an ice cube. “Ice 

cube” relays with DC coils are generally robust to common 

power quality problems as long as their corresponding DC 

power supplies are robust as well. However, “ice cube” relays 

with AC coils have shown themselves to be extremely 

sensitive to common power quality problems. With an average 

dropout at or near 70 percent of nominal for a cycle or less, 

these devices can lead to as many as 13 equipment shutdowns 

per year in a distribution-fed commercial or industrial facility.   

 

EPRI has conducted detailed testing as well on AC “ice cube” 

relays. Tests reveal the susceptibility of these relays to 

extremely short-duration voltage sags, even dropping out for 

events that are as short as ¼ cycle (4 milliseconds) to 1 cycle 

(16.67 milliseconds) in duration. Because most fault events on 

the utility system cannot be cleared in less than 3 or 4 cycles, 

the relays are very likely to be effected by voltage sags.  
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As a result of standards such as SEMI F47, IEC 61000-4-11 

and IEC 61000-4-34, many devices now appearing in 

industrial control circuits show a far more robust response to 

voltage sags than those used prior to the development of these 

standards. However, only one relatively robust relay for 

applications of 3A or less at 120VAC existed—itself 

mothballed by its manufacturer for several years until recently.  

 

Therefore, EPRI took on the challenge of finding a solution to 

the conventional AC “ice cube” relay for higher current 

applications. The result of these efforts: the “Nice Cube” relay 

concept. In 2010, EPRI engineers in Knoxville, TN developed 

an early prototype that addressed the sensitivities of the “ice 

cube” in such a way that required no new or additional wiring 

and minimal downtime to effect the retrofit—at a low cost as 

well. This unique solution could address thousands of 

applications worldwide immediately as installation could be a 

simple matter of unplugging the sensitive relay and plugging 

in the Nice Cube solution. 

II. NICE CUBE TECHNOLOGY 

One approach to designing a more robust control system 

involves using DC components rather than those using AC 

voltage. The Nice Cube basically combines a bridge rectifier 

with a DC relay. Indeed, an initial concept placed the rectifier 

inside an AC “ice cube” to make it, in effect, a DC relay. 

However, the simplicity of a rectifier block that would supply 

DC current to a DC relay seemed more achievable 

economically and more practical from a manufacturing 

perspective.  

 

A vendor of power quality mitigation equipment, Power 

Quality Solutions, Incorporated (PQSI), worked with EPRI to 

produce the first prototypes and later supply UL and CSA 

certified products using EPRI’s ideas resulting in the Nice 

Cube assembly shown in Figure 2. The rectifier puck currently 

addresses the octal base relay design for 24VAC and 120VAC. 

 

 
Figure 2. 

Application of the Vertical Nice Cube Assembly 

As Figure 2 suggests, the task of addressing the sensitivity 

issue of the “ice cube” relay may be as simple as removing the 

existing relay on the left and installing the Nice Cube 

assembly on the right—a feat accomplished within ten 

seconds or less. This particular configuration is referred to as 

the Vertical Nice Cube (VNC).  With this elegant and simple 

LEGO®-like design, the entire machine could be down for 

less than a minute to install the Nice Cube. The DC relay and 

rectifier block are provided as a packaged assembly as the 

particular relays chosen for the 24 VAC and 120 VAC units 

demonstrate the best response to voltage sags when combined 

with the Nice Cube rectifier block.  

 

The design in Figure 2 is applicable to control cabinets with 

enough space for the taller Nice Cube assembly. Where such 

space is not available, the Horizontal Nice Cube (HNC) was 

also developed.  This style of unit requires a replacement of 

the original AC relay with a DC relay and places the rectifier 

block between the control wiring and the base connections on 

one side of the relay base as shown in Figure 3.  

 

 
Figure 3. 

Horizontal Nice Cube Assembly 

 

 

Testing in the EPRI lab facilities in Knoxville demonstrated 

the robustness of the Nice Cube assembly. Figure 4 illustrates 

this robust response to voltage sags compared to the response 

of typical AC “ice cube” relays. The Nice Cube may survive 

voltage sags down to around 30% of nominal, or 36VAC while 

the “ice cube” relays will succumb to voltage sags as minor as 

74% of nominal--almost 90VAC.  

 

Another important aspect of this design is that it incorporates 

no capacitor. As such, no charge may be stored that could 

result in changes to the time-delay characteristics of the 

circuit.  



EPRI 

September 7, 2012 

 

Page 3 

 
Figure 4. 

Comparison of Voltage Sag Response: Nice Cube vs. Ice Cube 

 

The significance of the Nice Cube application may be seen 

more clearly in Figure 5 where actual voltage sag data from an 

industrial facility may be seen. Each diamond shape on the 

chart corresponds to one voltage sag of some magnitude and 

duration. The “ice cubes” are vulnerable to 40 or more of the 

voltage sags shown while the Nice Cube would drop out for 

only five of the sags shown—eight times fewer. 

 

Depending on the industrial process, thousands to tens or even 

hundreds of thousands of dollars may be lost per individual 

shut down caused by one voltage sag below a certain 

threshold.  

 

 
Figure 5. 

Voltage Sag Sensitivity: Nice Cube vs. Ice Cube 

 

While robustness down to 0V might be considered the ideal, 

this is not the case for equipment such as compressors. Indeed, 

the control circuit for compressors must drop out for very deep 

voltage sags as the heavily-loaded motor may go out of phase 

with the supply voltage. Once normal voltage returns, sudden 

torque transients may damage the motor. Therefore, the Nice 

Cube offers a reasonable level of robustness for these and 

other applications as listed in Table 1. 

 

Table 1. 

Common Function and Application of AC Ice Cube Relays 

Function Application 

Safety Emergency Stop/Off Circuits 

Safety Flame Safety Interlock Circuits 

Safety 
Machine On/Cabinet Door Interlock 
Circuits 

Safety Master Control Relay Circuits 

Control Air Compressor Starter Controls 

Control Chiller Control Panels 

Control Conveyor Controls 

Control Heater/Oven Controls 

Control Logic Interlocks in Relay Control Panels 

Control MCC Motor Control Circuits 

Control PLC-Motor Control Interface Circuits 

Control PLC-ASD Run/Stop Interface 

Control ASD Start Circuit 

 

The Nice Cube is not merely a theoretical device perhaps 

having some utility in a future setting—the Nice Cube is 

proving itself in the field now. 

III. FIELD APPLICATIONS  

 

A manufacturing plant in South Carolina was experiencing 

down time at roughly $5,000 lost per shut-down event. Prior 

to the debut of the Nice Cube, mitigation solutions for the 

plant would involve the installation of mitigation equipment 

either in the control cabinet at the control power transformer 

(CPT), at the panel level, or even further back toward the 

service entrance of the facility. Such solutions may cost from 

$80,000 to over $300,000 to implement at the site.  

 

While these solutions would be more comprehensive than 

addressing the sensitivity a few relays in each critical control 

circuit, the Nice Cube solution, with material cost at less than 

$100 per device, would cost only around $2,000 to implement 

at the facility with a simple payback of less than three months 

as opposed to between two and five years for the more 

comprehensive solutions.  Having installed several of the Nice 

Cube devices, the South Carolina facility has become the first 

site in the United States—indeed, in the world—to use the 

technology. Monitoring of the results of this effort continues. 

A photo of one of the installations at the site is shown in 

Figure 6. 
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Figure 6. 

Nice Cubes in a Manufacturing Line Emergency Stop Circuit 

at the South Carolina Plant 

 

 

Further Industrial Site Work 

 

Hoping to increase the awareness in the industrial sector of the 

benefits of the Nice Cube technology, EPRI is undertaking a 

demonstration project for utilities and their industrial 

customers. The objectives of this project are to implement the 

Nice Cube technology at industrial sites and to document the 

reduction in machine, process line, and factory downtime 

resulting from voltage sags. Ideal candidates will have more 

than one electrical control system using the standard AC “ice 

cube” relays as master control/machine “on” relays, pilot 

relays for process compressor motor starters, emergency off 

relays for semiconductor tools, pilot relays for chiller 

compressor motor starters, and pilot relays for control 

interfacing between interlocking systems, drives, or machines. 

IV. CONCLUSION 

 

EPRI engineers undertook the challenge of designing a more 

robust alternative to the standard AC “ice cube” relay. This 

effort resulted in a design that meets and exceeds the 

requirements of the SEMI F47 standard as well as the IEC 

61000-4-11 and IEC 61000-4-34 standards. The Nice Cube 

unit (vertical design) does not exceed the physical footprint of 

existing octal-base AC “ice cube” relay design, has the same 

number of contacts, and uses AC voltage as does the original 

relay design. With a dropout voltage below 30% of nominal, 

the Nice Cube has direct application in air or chiller 

compressor control circuits using AC “ice cube” relays.  

 

Many power quality-related shutdowns may be avoided with 

the application of this design in control circuits using sensitive 

AC “ice cube” relays. Furthermore, industrial plants so 

affected could be expected to save from several hundred 

thousand to several million dollars each year in downtime and 

lost revenue. Worldwide, such improvements could have a 

significant impact.  

 

Utilities and Industrials who would like to participate in the 

demonstration project should contact Mark Stephens at EPRI 

(mstephens@epri.com). 

 

The EPRI role in this effort is to: 

 

1. Implement a demonstration effort for actual field 

application for Nice Cube technology where they 

would be used as replacements for existing ac “ice 

cube” relays in control system applications, 

documenting performance of the improved designs. 

2. Coordinate through electric utility funders to provide 

appropriate information for customers (white papers, 

brochures, summary test results, case studies, etc.) for 

the improved performance that is possible with the 

new technology. 
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