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PRODUCT DESCRIPTION 
 
Sustained interruptions, which usually require distribution circuit repair, are not the only events 
that cause problems for electric power customers. Momentary breaker and recloser operations 
before lockout can be just as detrimental to sensitive end-use equipment as the actual lockout 
itself. Voltage sag mitigation devices can effectively ride through the voltage disturbances 
caused by these events. This report evaluates one such power quality mitigation device, the Mini-
Electronic Voltage Regulator (EVR)™. 

Background  
Every year there are new power quality mitigation devices that come to the market. This project 
is aimed at understanding the capabilities and limitations of the emerging power quality 
mitigation devices so as to inform the readers the possible applications of such devices.   

Objectives 
• To evaluate the functional capabilities of the Mini-EVR by using a system compatibility test 

procedure developed by EPRI to characterize its performance  

• To describe the operation of the Mini-EVR and its potential applications  

Approach  
In order to evaluate the Mini-EVR, the EPRI testing team subjected the device to various voltage 
sag and swell conditions. The team conducted several tests to see if the device meets the 
manufacturer’s specifications and described the testing program and its results in detail in this 
report.   

Results 
The Mini-EVR uses solid-state switches and transformers with taps to adjust the output voltage 
in response to a variation at the input. During normal operating conditions, a control circuit 
monitors the output voltage of the unit. Should this voltage be above or below the nominal value 
of 120V +/- 3%, the solid-state switches are used to select an appropriate transformer tap 
selections to correct the output voltage. The Mini-EVR™ is specified to hold the output voltage 
within a margin of ±3% for an input voltage range of +10/-25%. Voltage sags (momentary 
under-voltages lasting for less than one second) can be responsible for a large percentage of 
equipment trips in both commercial and residential settings. In such cases, the Mini-EVR should 
protect the load by supplying additional voltage to compensate for any difference in the nominal 
voltage and the sag voltage 

The Mini-EVR met most of its specifications. However, there are certain characteristics of this 
device, such as slower response time and the lack of an energy storage capability, which would 
make it less suitable to protect very sensitive equipment. The device provides the best protection 
within the voltage range of 80% to 105% of the nominal input voltage.  
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EPRI Perspective  
EPRI’s role is to bring together members, participants, the Institute's scientists and engineers, 
and other leading experts to work collaboratively on solutions to the challenges of generating and 
distributing electric power. In the area of power quality and system compatibility, EPRI 
periodically conducts studies and evaluations of new technologies. EPRI believes that continued 
involvement in this work helps bring to the forefront new issues and solutions that will 
eventually benefit the utilities, their customers and the public. 

Keywords  
Power quality 
Voltage sag 
Voltage swell 
Inrush 
Voltage stabilizer 
Electronic voltage regulator 
Sag mitigation 
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1  
INTRODUCTION 

Problems Associated With Voltage Fluctuations 

Sustained interruptions, which usually require distribution circuit repair, are not the only events 
that cause problems for electric power customers. The momentary breaker and recloser 
operations before lockout can be just as detrimental to sensitive end-use equipment as the actual 
lockout itself. For example, semiconductor manufacturing plants can be especially vulnerable to 
momentary interruptions. The total time required to produce a semiconductor chip may be as 
long as 30 days, with numerous critical processes involved. The chip can be ruined anytime in 
this process if a voltage sag or momentary interruption causes a sensitive machine to trip or 
causes abnormal operation. Other industries that are sensitive to voltage sags and momentary 
interruptions include plastics, rubber, paper, textiles, glass, and steel manufacturing plants. 

Most plants can ride through these voltage drops by virtue of their mechanical and electrical 
inertia. However, this is not the case with electrically held-in contactors and relays that control 
the machinery. Contactors can drop out within 5 to 20 milliseconds after the start of voltage sags 
as slight as 75% of nominal voltage. Often these contactors can be responsible for shutdown of 
the entire process. This can be complicated, time-consuming, and expensive to the electric power 
customer. 

Voltage Sag Mitigation Device 

There are numerous voltage sag mitigation devices on the market that can effectively ride 
through the voltage disturbances. This report describes evaluation of the Utility Systems 
Technologies, Incorporated device called the Mini-EVR™ as a voltage sag mitigation device. 
The tested unit (Model number: MEVR-030-120-60) was a single phase unit with an operating 
voltage and frequency of 120V and 60 Hz and rated for 3 kVA. The Mini EVR available in the 
range of 1kVA to 15kVA. A photo of the Mini-EVR™ test sample is shown in Figure 1-1. Key 
specifications and features for the product line are given in Appendix-A. 

Electronic voltage regulators are single-phase power conditioners designed to maintain an output 
voltage at a constant level even though the input voltage is varying.  Critical to the device 
operation is the response time of the correction.  As stated above, some sensitive devices can fail 
to operate properly even for single cycle voltage sags at less than 75% of nominal voltage.  
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Figure 1-1 
Photograph of the 3kVA Mini-EVR™ From Utility Systems Technologies, Inc. 

Mini-EVR™ Operation 

The Mini-EVR™ uses solid state switches and transformers with taps to adjust the output 
voltage in response to a variation at the input. The functional schematic shown in Figure 1-2 
illustrates the operation of the device.  

During normal operating conditions, a control circuit monitors the output voltage of the unit.  
Should this voltage be above or below the nominal value of 120V +/- 3%, the solid state 
switches are used to select an appropriate transformer tap selections to correct the output voltage. 
The Mini-EVR™ is specified to hold the output voltage within a margin of ±3% for an input 
voltage range of +10/-25%. 
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Figure 1-2 
Simplified Schematic of the Mini-EVR™ 

Company Overview 

Utility Systems Technologies, Inc has been manufacturing electronic voltage regulation products 
since 1991. The company has several voltage mitigation and power conditioning product lines 
such as Sure-Volt, Sag Fighter and mini EVR. The company has head quartered in Latham, New 
York.  
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2  
MINI-EVR™ CHARACTERIZATION TESTS  

Mini-EVR™ Characterization tests  

The following section covers the test conducted at the EPRI Knoxville, Tennessee laboratory on 
a 3kVA Mini-EVR unit. The tests include a SEMI F47 standard compliance test, industrial load 
bank (ILB) characterization test, and inrush current test. In order to simulate the voltage sag 
conditions, EPRI’s custom-made portable sag (Porto Sag) generator was used.  

Test Description 

Rationale 

Voltage sags (momentary under-voltages lasting for less than one second) can be responsible for 
a large percentage of equipment trips in both commercial and residential settings. In such cases, 
the Mini-EVR™ should protect the load by supplying additional voltage to compensate for any 
difference in the nominal voltage and the sag voltage. The tests performed determine whether the 
device operates as specified by the vendor and whether the response time of the Mini-EVR™ is 
sufficiently fast to protect sensitive devices.  

Objectives 

The objectives of the tests are multifold as follows: 

1. To characterize the performance of the device, and verify that it meets the manufacturer’s 
specifications 

2. To find the response time of the Mini-EVR™ in switching to the compensation 
transformer during voltage sags 

3. To determine the maximum inrush current by the load that the Mini-EVR™ can 
withstand 

4. To determine the sag protection envelope of the Mini-EVR™ 
5. To uncover any application issues that will be valuable to the end-user 

Test Setup 

Figure 2-1 shows a schematic for the voltage sag test conducted on the Mini-EVR™. Initially the 
Mini-EVR™ (or unit under test – UUT) is loaded up to 50% of the rated loading. An EPRI 
designed voltage sag generator is used to apply voltage sags of various magnitudes and 
durations, including the points specified in the SEMI F47 standard.  Tests are then repeated at 
full load (100% loading) with the same test conditions. The input and the output voltages and 
currents of the Mini-EVR™ are monitored and recorded for analysis.  
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Figure 2-1 
Block Diagram of the Voltage Sag Test Setup 

 

Figure 2-2 
Test Setup at EPRI Laboratory in Knoxville, TN 
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Test Results 

The results of the sag testing of the Mini-EVR™ are summarized below.  

Voltage Regulation Tests 

During normal operating conditions, a control circuit monitors the output voltage of the unit. 
Should this voltage be above or below the nominal value of 120 V +/- 3%, the solid state 
switches are used to select an appropriate transformer tap selections to correct the output voltage. 
The Mini-EVR™ is specified to hold the output voltage within a margin of ±3% for an input 
voltage range of +10 to -25%. 

To verify this performance specification, EPRI conducted a simple test during which the input 
voltage was gradually increased from 95 V RMS to 135 V RMS. The test was repeated at five 
different levels of load between no load and full load. Since the tap locations are discrete, the 
output voltage varies in step fashion for input voltage changes as illustrated in the test results 
shown in Figure 2-3.   

 

 

Figure 2-3 
Input and Output Voltage Characteristic of Mini-EVR™ 

From the test data, it was found that the maximum voltage variation took place when Mini-
EVR™ was loaded at the 3000W (full load) power level, with a variation of ±4.34% in the 
output voltage. According to our experience, this is very typical for a tap changer circuit. The 
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minimum voltage variation was observed when the load was 2250W, with a corresponding 
voltage variation of ±3.48%. 

According to the manufacturer’s data sheet, tap switching in the Mini-EVR™ takes about 1 
cycle to occur.  Actual test data for transient voltage sags is illustrated in the sequence of figures 
given below. Figure 2-4 shows the input and output voltage waveforms of the Mini-EVR™ after 
the application of voltage sag with a sag depth of 50% through a portable sag generator at the 
EPRI Knoxville laboratory. 

 

Figure 2-4 
Mini-EVR™ Response to a 12 Cycle Sag to 50% of Nominal Voltage 

In Figure 2-4 the Mini-EVR™ was subjected to a 12 cycle, 50% sag.  After about 1.5 cycles it 
can be seen that the unit switched voltage taps and slightly increased the output voltage.  Tap 
switching appears to occur at roughly 1.5 cycles intervals in a sequential fashion.  The Mini-
EVR™ is designed to provide voltage support down to an input voltage level of 75% of nominal.  
As can be seen, there is not sufficient range in the step up taps to compensate for a 50% sag.  As 
the sag subsides it can also be seen that there is a an overvoltage condition due to the delay in tap 
switching which persists for about 8 cycles, with the first 4 cycles being larger in amplitude.   
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Figure 2-5 
Response of Mini-EVR™ to a 60 Cycle Sag to 80% of Nominal Voltage 

In Figure 2-5 the Mini-EVR™ was subjected to a 60 cycle sag to 80% of nominal voltage.  
Again, it can be seen that the voltage support does not occur for about 1.5 cycles after the start of 
the sag event and does not reach a fully compensated level for about 8 cycles. For sensitive loads 
the lack of voltage support for the initial 3 to 6 cycles could lead to unreliable behavior. 

Response Time 

Response time is the time taken by the Mini-EVR™ to switch from the input supply voltage to 
the corrected voltage during voltage sag conditions. This is an important issue for power 
conditioners because some sensitive loads can trip before the transfer is complete (less than one 
cycle). The Mini-EVR has a response time which is on the order of about 6 cycles (it appears 
that each tap change takes about 1.5 cycles to occur and it takes several tap changes to 
compensate for the voltage sag). The manufacturer’s specifications indicate that the typical 
switchover time is one cycle, but this appears to be for a single step change in voltage and does 
not account for the need to take several steps to correct for a larger voltage sag. Figure 2-6 shows 
the total response time of the Mini-EVR, which is approximately 100ms, during a 60 cycle sag to 
80% of nominal voltage.  
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Figure 2-6 
Response Time of Mini-EVR™ During a Voltage Sag Down to 80% of Nominal Voltage With 
Duration of 60 Cycle (50% load) 

With a response time of several cycles, the Mini-EVR™ does not effectively prevent electrically 
held-in devices such as contactors and relays (which drop out from 5ms to 20ms after voltage 
sag) from dropping the load. During the full load tests the sensitive elements in the EPRI’s 
industrial load bank, the PLC and the ice-cube relays dropped at voltage sag down to 50% of the 
nominal voltage for duration greater than 12 cycles. The Mini-EVR™ is unlikely to prevent 
semiconductor and similar industries from process shutdowns due to short-duration voltage 
fluctuations since the response time it not sufficiently fast to mitigate single cycle voltage sags. 

The following table is the summary of the voltage sag tests performed on the Mini-EVR™ at 
100% load condition. 

Table 2-1 
Summary of Voltage Sag Test Performed on the Mini-EVR™ at 100% Load Condition 

S. No. 
Voltage Sag 

Depth as a % of 
Nominal Voltage 

Sag 
Duration 
(Cycles) 

Results 

1 0% 12- 60 No correction by the device. Input is directly applied 
to the loads. 

2 10% 12 to 60 No correction by the device. Input is directly applied 
to the loads. 

3 20% 12 to 60 No correction by the device. Input is directly applied 
to the loads. 

4 30% 12 to 60 

5 40% 12 to 60 

6 50% 12 to 60 

7 60% 12 to 60 

The unit begins correction after 3 cycles but the 
output voltage is 1.15 times the input voltage. The 
sensitive loads, namely, ice-cube relays, contactors 
and PLC are dropped.  
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Table 2-1 (continued) 
Summary of Voltage Sag Test Performed on the Mini-EVR™ at 100% Load Condition 

S. No. 
Voltage Sag 

Depth as a % of 
Nominal Voltage 

Sag 
Duration 
(Cycles) 

Results 

8 70% < 30 Dropped only the motor load. The output voltage is 
1.15 times the input voltage 

9 70% 60 Loads are Protected 

10 80% 12 to 60 The output voltage is 1.25 times input voltage. The 
loads are protected. 

11 90% 12 to 60 The loads are protected. The output voltage is within 
the specifications. 

12 105%-115% 12 to 60 The loads are protected and the output voltage is 
within the specifications. 

 

Inrush Current  

The Mini-EVR™ was subjected to a heavy inrush current under full load conditions by 
switching the load on and off frequently several times. These loads were varied from contactors 
and relays to motor loads. During our testing the Mini-EVR™ was able to handle inrush currents 
up to 128A peak which is slightly less than four times the rated current of 35.4A peak (for a 
typical inrush current waveform, see Figure 2-3). This result shows that for typical cases where 
there are inductive loads like motor loads connected, the Mini-EVR™ can handle the inrush 
currents. The Mini-EVR™ can also effectively handle the inrush current in loads involving 
contactors, relays, and programmable logic controllers, where the inrush current is generally in 
the order of four to five times the rated current. 

 

Figure 2-7 
Inrush Current After a Voltage Sag Event, Peak Current Value is 112A 
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SEMI F47 Standard Compliance and ILB1 Characterization Tests  

Semi F47 is a stringent standard required by the Semiconductor industries to protect sensitive 
equipment in their facilities from voltage sags. Figure 2-8 shows the SemiF47 standard curve 
used by the industry. According to this curve, a power quality mitigation device is said to have 
passed the SemiF47 standard if it can protect the load from voltage sags on or above this curve. 
Any event below this curve may not be protected.  

Figure 2-8 shows the Mini-EVR™’s voltage sag ride-through capabilities at full-load conditions. 
This was developed using a programmable logic controller that trips on sags down to 80% of 
nominal for duration of 1 cycle. This device is one of the most sensitive in industry, so the curve 
was developed based on its trip level. Note that with the Mini-EVR™, the controller tripped for 
all tests with less than 80% of nominal voltage. The grey area shown in the figure represents the 
area where the load is not protected against the Semi F47 standard. 
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Figure 2-8 
SEMI F47 Curve and the Mini-EVR™ Voltage-Sag Ride Through Curve 

 

 

                                                      
 
1 ILB stands for Industrial Load Bank developed by EPRI.  
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3  
APPLICATION OF THE MINI-EVR™ 

Typical Mini-EVR™ Application  

The Mini-EVR™ is a single-phase device used to stabilize an AC power source’s variations.  
Due to the slow response time of the Mini-EVR it is not applicable as a transient voltage sag 
mitigation device.  The Mini-EVR™ is applicable in situations where the longer term (about 10 
cycles or more) stability of an AC source is desirable.    

Key Parameters for Specifying a Mini-EVR™ 

The sections below describe the parameters that should be considered by the customer before 
purchasing a Mini-EVR™ unit for a specific application.  

Inrush Current 

Inrush current is a major factor when buying any power conditioner. Typically, motor loads have 
a large inrush current and the power conditioner should be able to handle these. The Mini-
EVR™ was tested for its inrush current capability and was found to be able to handle up to at 
least 4 times the rated current under full load conditions. The rated current was 35Apk and the 
inrush current was close to 128Apk, while the load consisted of many relays, contactors, power 
supplies and programmable logic controllers. Since Mini-EVR™’s are typically used to protect 
control circuits and other electrically held-in devices such as relays and contactors, this test 
showed that the Mini-EVR™ can effectively handle the inrush current in such situations.

Installation 

The Mini-EVR™ is a single-phase power conditioner and comes in 1kVA, 1.5kVA, 2kVA, 
3kVA, 5kVA, 10kVA, and 15kVA sizes. The connection and the installation are simple. It is 
housed in a standard NEMA enclosure and it can withstand ambient working temperatures up to 
40oC. The Mini-EVR™ has a short-circuit current limit 10X for fault clearing conditions (as per 
the manufacturers specification). The customer should take these issues under consideration 
before installing the unit. Figure 3-1 shows the connection points for input and output.  
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Figure 3-1 
Terminal Screws for Installation 

The manufacturer’s installation procedures for the Mini-EVR™ are given below. 

Installation Guide 

 

Sizing of the Mini-EVR™ 

The Mini-EVR™ does not require any derating for inrush currents and can be sized to 
correspond directly with the load. According to the manufacturer the sizing of this device is 
independent of load powerfactor. For many devices, the load dictates the duration of ride-
through based on the size of the energy storage element. For the Mini-EVR™, there is no energy 
storage element so there is no limitation for compensation.  
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Switching (or Response) Time 

The response time of the power conditioner is another critical factor that determines the 
protection of the system. The Mini-EVR™ manufacturer-specified switchover time, from the 
input sag voltage to the corrected voltage is typically one cycle. The test results show that full 
output voltage support occurs anywhere from 3 to 8 cycles. The electrically held relays and 
contactors typically drop out within fraction of cycles, typically 1/4th to 1 cycle after the voltage 
sag. Thus the Mini-EVR™ may not protect these kinds of loads from dropping out during minor 
voltage fluctuations.  

Comparison With Similar Power Conditioners 

Table 3-1 gives a comparison of various power conditioners available on the market. These 
include the Mini-EVR™, constant voltage transformer (CVT), dip proofing inverter (DPI), and 
dynamic sag corrector (DySC) 

The comparison in Table 3-1 shows how the performance characteristics of the Mini-EVR™ 
compare with those of the other devices. Each has its specific advantages and disadvantages, and 
their use is application specific. In order to properly specify the Mini-EVR™, the user must 
study the process and acquire some knowledge of the equipment to be protected. It should be 
noted that the Mini-EVR™ is a single-phase power conditioner and does not have any energy 
storing elements. 

Table 3-1 
Comparison of Power Conditioners 

Attributes Mini-EVR™ CVT DPI DySC 

Sag Depth (% 
remaining) 75% 40-50% 0% 

(interruption) 0% (interruption) 

Sag Duration Indefinite Indefinite 
< 2 Sec, 

depends on 
capacitors 

2 cycles at 0%, 

2 Sec max down to 50% 

Sizing Requirement Size for load Oversize by 
2.5X Size for load Size for load 

Inrush current No issue Oversize for 
inrush also No issue No issue 

Response time 3 to 8 cycles No issue ½ cycle 2 ms 

Maintenance Low Low Low Low 

 

 

 

3-3 0



0



 

4  
SUMMARY 
The Mini-EVR is a single-phase power conditioner that can be used to mitigate long term 
voltage supply stability.  The response time of the Mini-EVR™ is too slow to protect critical 
equipment sensitive to transient of less than a few cycles. It uses a simple but effective tap-
switching arrangement on an autotransformer to compensate for a voltage drop in the input 
supply voltage.  

The tests conducted at the EPRI Knoxville laboratory indicate that the Mini-EVR™ is slightly 
slow in its response time to be compliant with SEMI F47. The Mini-EVR™ finds application 
where long term voltage stability is desired as the name aptly says it regulates the voltage within 
the specifications.  

The tests also show that the Mini-EVR™ can handle inrush currents of at least 4 times the rated 
Mini-EVR™ current. This is sufficient to start and maintain most typical control devices. Sizing 
the device is straightforward; the size can be directly matched to the load. The Mini-EVR™ can 
be a suitable choice to protect loads against steady state over or under- voltages and voltage 
fluctuations. It finds its application in wide areas such as food processing plants, manufacturing, 
industrial automation, pulp and paper industry and offices to name a few where stable voltage 
source is required.  
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A  
SPECIFICATION2 OF MINI EVR 
 

                                                      
 
2 Courtesy: Utility Systems Technologies, Inc 
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