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SUMMARY 
 
Performance of a production process during a voltage dip depends on the immunity of the 
equipment to the magnitude and duration of the voltage dip, and on the process immunity 
against the loss of the equipment. The magnitude of voltage dip depends on the fault current; 
the duration of voltage dip is determined by the setting values of protection. Together they 
determine if a device trips or not due to a voltage dip. The concept of process immunity time 
was first introduced by CIGRE/CIRED/UIE working group C4.110. 
Based on the Process immunity time (PIT) and the different equipment dip immunity for 
different end-users, the performance of a process is classified as one of three labels: AAA 
(full operation), AA (self-recovery) and A (assisted-recovery). The paper studies the 
association between the setting value of the protection and PIT, presents a method to optimize 
protection and improve the performance of process due to voltage dip. The behaviour of 
sensitive processes due to voltage dip in IEEE-14 buses distribution system and a practical 
distribution system are both simulated in Matlab. The result proves that the proposed method 
can improve the performance of the process due to voltage dip, especially for the process with 
the longer PIT. 
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1. INTRODUCTION 

Voltage dip is an inevitable event in the power system, and effects the sensitive equipment 
and the production process (referred to as “process”) [1-2]. Mitigating the effect of voltage 
dips with low-cost solution has become a hot research area. Voltage dips are mainly caused 
by short-circuits and earth faults in the power system. The longest, and therewith most severe, 
dips are typically due to distribution-system faults. The residual voltage and duration of a 
voltage dip are associated with the protection and setting value of the protection. There are 
many factors that contribute to the impact on the process of a voltage dip; most important are 
residual voltage, dip duration, process immunity and users’ acceptable behavior. As a result, 
an increasing need has emerged to study the relationship between protection and extent of 
impact, research on the process immunity and user acceptable consequence, and to explore the 
mitigation program in low-cost to voltage dip. 

Evaluation methods on voltage tolerance and susceptibility of equipment to voltage dips are 
addressed in the literature [3-5]. Different assessment methods have been proposed, for 
example fault positions method [6] and critical distance method [7]. From various methods, 
frequency of voltage dips due to fault can be obtained; however, the duration of the voltage 
dip cannot be assessed [8-9]. The stochastic and fuzzy methods in [10-12] can assess 
equipment voltage tolerance, however they cannot release the relation between voltage dip 
and equipment response. Considering previous contributions, the aim of the present paper is 
to research on the process immunity and mitigate the industry loss by voltage dip. 

Overcurrent protection is widely used in medium and low distribution in China. Protection 
current and setting value of the protection for the fault determine the duration of voltage dip 
[13-14]. It means, there is some relationship between the operation time of protection and the 
duration of voltage dip. The process behavior, which can be presented by the process 
immunity time, depends on duration of voltage dip when the magnitude of voltage dip is 
given. A determinant that whether the process will trip to voltage dip is the relationship 
between the action time of protection and the process immunity time.  

The concept of process immunity time (PIT) was first introduced by CIGRE/CIRED/UIE 
working group C4.110 [3]. Based on the Process immunity time (PIT) and the different 
equipment dip immunity for different end-users, the performances of a process are classified 
as one of three labels: AAA (full operation), AA (self-recovery) and A (assisted-recovery). 
The paper studies the association between the setting value of the protection and PIT, presents 
a method to optimize setting value of protection and mitigate the performance of process due 
to voltage dip. The behavior of sensitive processes due to voltage dip in IEEE-14 buses 
distribution system and a practical distribution system are both simulated in PSCAD. The 
result proves that the proposed method can mitigate the performance of the process due to 
voltage dip, especially for the process with the longer PIT. It is shown that the method can 
mitigate the effect on voltages dip without affecting selectivity and speed of protection. 

 
2.  PIT AND IMMUNITY LABELS 

The definition of PIT is: The maximum time that the process parameter (pressure, 
temperature, tank level, speed, acceleration, etc) can keep above the limit value after a voltage 
dip occurs [3]. Shown in Fig.1 (a), PIT is immunity time of the process with a given 
magnitude. t1 is the time that voltage dip starts, the process parameter starts to deviate from its 
nominal value after a time interval Δt. The delay might be associated with the tripping of the 
equipment Δt seconds after the actual supply voltage interruption, or with a “dead time” in the 
process response. Even in the same process, Δt is not always the same, but depends on  the 
magnitude of the voltage dip, shown in Fig.1 (b). At time t2 , the process parameter value 
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crosses the lower boundary Plimit, below which nominal operation of the process cannot be 
maintained.  

2 1 2 1 1 1( ( )) (( ) )PIT t t t t t t t t                                                          (1) 

2 1( ( ))t t t   is the time from the voltage dip starts to the process parameter limited value.

1 1(( ) )t t t t     is the delay of the process response. Δt depends on the structure and the 

configuration of the process, for example the dc-link capacitor of the supply in PC. 

 
(a) PIT in a single voltage dip 

 
(b)PIT in different voltage dip with different magnitude 

Fig. 1.  Process immunity time (PIT). 
 

The extent the which the process is affected by a voltage dip depends on the magnitude, 
duration, some other characteristic of voltage dip, and process immunity. The magnitude is 
determined by the fault location and the fault current which leads to the voltage dip. The 
duration is determined by the time it takes for the fault to be cleared by the protection, which 
in turns depends on the setting value of the protection. Thus, given the fault, the protection 
current and the setting value of action determine the characteristic of voltage dip in system. 
The phenomenon that the process is affected by the voltage dip is the process parameter is 
below the limit value.  The current research about the equipment and process voltage 
tolerance shows that the process voltage tolerance is uncertain [15], depending on the process 
parameter changing and the consumers’ acceptable consequence. Consumers’ acceptable 
consequences can be classified into three labels: full operation (I1), self-recovery (I2) and 
assisted-recovery (I3), which shown in Fig.2. 

 
Fig.2. Division of process immunity levels considering acceptable outcome state. 

From Fig.2, process operates normally when the duration of voltage dip is shorter than the 
delay Δt. The process self-recoveries when the duration is between [Δt, PIT]. The process 
assisted-recoveries, when the duration is longer than PIT. The behavior of the process 
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consequence depends on the relationship between the duration and PIT. Based on PIT and the 
three behaviors mentioned above, three process immunity labels are proposed in this paper: 
AAA (full operation), AA (self-recovery) and A (assisted-recovery). 

3. OPTIMIZATION PROTECTION SCHEME BASED ON PIT 

As the example shown in Fig.2, assuming the acceptable voltage dip duration is PIT. When 
protection setting value and the voltage dip duration which is determined by the former is 
shorter than PIT, the process operates normally or self-recovers, which is acceptable. When 
the duration is longer than the PIT, the behavior is unacceptable. Thus, the unacceptable 
behavior does not appear when the setting value is shorter than PIT. It is the same in other 
process immunity label. Therefore, the paper proposes the optimization protection strategy 
based on PIT. 

The magnitude of voltage dip and protection starting relies on fault current, while the 
duration of voltage dip depends on the action setting value. Therefore, it is feasible to 
optimize the action setting value by considering PIT. 

The typical protection of 35 kV and 10 kV in China consists of three section overcurrent 
protection: Section I is instantaneous protection setting, Section II is current limited 
protection, Section III is definite time overcurrent protection. As the example shown in Fig.3, 
the current and setting value of the line WL1 are following in (2)-(4): 

 
Fig.3. Three-step overcurrent protection of distribution line. 
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I
relK , II

relK  and III
relK  are reliability coefficient, which usually 1.2-1.3, 1.1-1.2, 1.15-1.25, 

respectively. 
(3)

.maxkBI , (3)
.maxkCI is the short-circuit currents when Bus B, C is in the maximum 

operation mode, respectively. t is the protection delay of the definite time, the value of t  
is 0.3-0.5s generally. I

BT , III
BT is the protection action time of the Section I, III for WL2, 

respectively. 
maxLI is the maximum load current. Kst is the starting coefficient, the value of Kst  

is usually 1.5-3. Kre is return coefficient, the value of 
reK  is usually 0.85-0.95 [16]. 
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Fig.4. The relationship between fault location and process immunity. 

 
From the equations, setting value of the three section protection depends on the short-

circuit current. The magnitude and duration of voltage dip rely on the setting value and short-
circuit current. The relationship between protection and process immunity is shown in Fig.4, 
the example process is in the A class immunity. The protection current setting value is 
incremented of section I, II, III, and the three magnitudes are decremented. The duration 
depends on the protection setting value by the different section. In Fig.4, the protection time 
of the three fault current are all longer than PIT, the process immunity label is A. With 
adjusting the protection setting value, the unacceptable consequence will not appear when the 
setting value is shorter than PIT. It is the same about the other immunity label, which not 
repeat here. 

4. METHOD OF OPTIMIZING PROTECTION 

By comparison between setting value and PIT, the setting value can be adjusted by the 
comparison and the effect of voltage dip is mitigated, without reducing the selectivity, 
reliability and speed of the protection. The method of optimizing protection proceeds as 
follows: 

(1) Based on the requirement on the fault level, selectivity, reliability and speed of the 
protection, calculate the setting values of protection using the normal setting rules. 

(2) Based on the magnitude and duration of the voltage dip and properties of the process, 
PIT and process response delay Δt can be obtained. 

(3) Comparing the initial setting value, PIT and Δt, optimize the setting value by 
considering the PIT and Δt. If the PIT and Δt are both shorter than initial setting value and 
have negative effect on the selection and other properties of protection, it is proposed to set 
the setting value in according to the PIT and Δt. If the PIT and Δt are longer, it is proposed to 
use the initial setting value. When the setting value is no longer than Δt, the process immunity 
label is AAA; when the setting value is between PIT and Δt, the process immunity label is 
AA; when the setting value is no shorter than Δt, the process immunity label is A.  
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5. PIT-BASED PROTECTION AND APPLICATION IN DISTRIBUTION 

Reasonable optimizing protection can mitigate the effect by voltage dip, based on the PIT 
and process immunity label. A way of meeting this demand is to determine the PIT in 
according to the users’ acceptable behavior. When the PIT is longer than duration of voltage 
dip, the process behavior can be acceptable. Therefore, within the allowable range, the PIT-
based protection is as follows: 

In section I, the protection area is small and the residual voltage of voltage dip is small. 
Usually, the setting value of protection is close to 0 s, leading to the shortest duration of 
voltage dip. Increasing the protection area of Section I can enlarge the area, while do negative 
effect on the selection of protection. There is not so much room for improvement in Section I, 
due to the setting value already being close to 0 s. 

In section II, the protection current determines the residual voltage of the voltage dip, while 
the setting value determines the duration. On the premise that there is sufficient time 
difference between section I and II, if the fault is cleared by the section II protection, reducing 
the setting value can shorten the dip duration.  

In section III, the current setting value is less, and the action time setting value is longer, 
which leads to the longer duration of voltage dip. On the premise that there is sufficient time 
difference, reset the setting value for action time in according to the PIT and Δt. If the 
duration of voltage dip by the resetting value is less than PIT, the process can operate in the 
AA immunity label. 

In actual power system, distribution line is often available for the small supply area. As 
shown in Fig. 2, the electrical distance is less and with less resistance. The short-circuit 
current difference between the end of the WL2 and the end of the WL1 is small. If set the 
value of protection by the typical method for the sections, there will be a small current setting 
value difference between WL1 and WL2 of section I protection. When a fault occurs on the 
WL2, the relay on WL1 may no longer be selective. By the typical protection method in 
WL2, the protection of WL1 is by the current delay protection in section I usually, which 
leads to that setting value in section II and III is longer and the duration of voltage dip is 
longer accordingly. In this kind of condition, it is better to set the current value and delay 
value by the typical protection method, and then calculate the voltage magnitude. The PIT and 
t  are obtained from the magnitude of the voltage dip. Using the proposed method to adjust 

the setting value in the acceptable range by typical method according to the PIT and t . The 
delay setting value in section III is increasing by the range. The method for setting the delay 
value of section I and II on WL1 is similar to the proposed method for setting the delay value 
of section II and III. Therefore, the proposed method also can be used in the distribution 
system, which includes the short “electrical distance” from the line. 

As mentioned above, it is feasible to mitigate the effect by voltage dip due to the faults that 
cleared by the Section II, Section II protection and the delay protection in the short 
“electricity distance” line. The paper uses the Particle Swarm Optimization (PSO) to initialize 
the setting value of protection.  
 

6. SIMULATION AND DISCUSSION 

Two distribution networks have been simulated using PSCAD: the IEEE 14 buses 
distribution system shown in Fig.5 and a real test system shown in Fig.6. The process 
behavior has been compared when the line 1-4 and line 1-7 are use  different setting values. 
The line 7-8 is a short line. There is a sensitive process connected to the Bus 1. 
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Fig.5. IEEE14-bus test system. 

 
Fig.6. The real test system. 

 
A chemical reactor process with the oxygen measuring equipment and cooling controller is 

described in [3]. The process is connected to Bus 1. PIT of the two devices are 1 s and 3 s, 
respectively. The process response delay Δt of the two devices are 0.4 s and 1 s, respectively. 
Under the same fault level, the setting schemes of the traditional method and proposed 
method are shown in the Tab.1. Simulation 20 times in each immunity label of different 
methods, the number of satisfying the three immunity labels is shown in Tab.2 and Tab.3. The 
voltage dips in the same fault level are shown in the Fig.7 and Fig.8. 

 
Tab. 1. The protection setting scheme 

  Tradtional scheme The proposed scheme 

IEEE14 
Buses Test 

System 

Section I:5.64kA  0s Section I: 5.64kA  0s 

Section II:2.30kA 0.5s Section II: 2.30kA 0.3s 

Section III:0.62kA 1.0s Section III: 0.62kA 0.8s 

Real Test 
System 

Section I:1.23kA  0.5s Section I:1.23kA  0.3s 

Section II:0.56kA 1.0s Section II:0.56kA 0.6s 

Section III: 0.31kA 1.5s Section III:0.31kA 1.1s 

 
From the Tab.2, the behaviors of the process with the shorter PIT (the oxygen measuring 

equipment) are all in the AAA and AA immunity labels by the proposed method. The 
behavior of label A does not occur. The proposed method obviously mitigates the effect of 
voltage dip. In the real distribution system, there is the short line that increases the severity of 
the voltage dip. The proposed method can greatly improve the equipment immunity by the 
proposed method. 

From the Tab.3, the behaviors of the process with the longer PIT (cooling controller) are all 
in the AAA immunity labels by the proposed method. The equipment will not trip to the 
voltage dip. In the real distribution system, the times of behavior with the AAA immunity 
labels by proposed method is much more than by traditional method. 

 
Tab. 2. The number of different immunity labels for the oxygen measurement equipment 

Voltage dip Immunity label AAA /times AA /times A /times 

IEEE14 
Buses Test 

System 

Tradtional scheme 4 10 6 

The proposed scheme 14 6 0 

Real Test 
System 

Tradtional scheme 0 6 14 

The proposed scheme 6 7 7 
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Tab. 3. The number of different immunity levelsfor the requirement of internal compressor cooling control 
Voltage dip Immunity label AAA /times AA /times A /times 

IEEE14 
Buses Test 

System 

Tradtional scheme 14 6 0 

The proposed scheme 20 0 0 

Real Test 
System 

Tradtional scheme 6 14 0 

The proposed scheme 13 7 0 

 

 
Fig.7. Dip characteristics of traditional scheme and the proposed scheme in IEEE14-node test system. 

 

Fig.8. Dip characteristics of traditional scheme and the proposed scheme in practical test system. 

 
The results prove that the proposed method is suitable for the distribution protection, both 

for the normal distribution system and the system with shorter line. The proposed method can 
mitigate the effect of voltage dip, especially for the immunity with longer PIT. The PIT is 
longer, the effect of the proposed method is greater. Therefore, users, that have a high 
requirement on the process immunity, should make specific requests to the equipment 
manufacturers based on the PIT and process response delay Δt. They can make their own 
industry distribution protection scheme based on PIT. When an industry process is planning, 
the PCC and the equipment protection should be designed by considering the protection in the 
power system set by utility. The PIT of process which is in operation should be improved by 
new technological innovation or some other ways. The improvement of PIT is a low-costs 
solution for mitigating the effect of voltage dips. 
 

7. CONCLUSION 

1）PIT is a measure of the process immunity. Optimizing the protection by considering the 
PIT and users’ acceptable behavior is a low-cost solution to mitigate the effect of voltage 
dips. 

2) Setting value is mainly determined by the system configuration and system 
requirements. The proposed method does not have negative effect on the distribution system. 
Especially, the proposed method is suitable for applying in industrial power systems. 

3) The proposed method is suitable for mitigating the effect of voltage dip, due to faults 
cleared by the section II and III protection. The mitigation potential becomes obvious from 
the simulation. Furthermore, the proposed method can significantly improve the process 
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immunity to the voltage dip, which due to the fault that occurred on the shorter line and 
cleared by the definite time overcurrent protection. 

4) The conception of PIT and immunity process label also can be used in equipment 
selection, development of power supply and optimization of the process operation. The 
conception provides an effective way to solve the issues about sensitive equipment response 
to voltage dip. 

Process designers, equipment manufacturers, utility and users’ anti-risk ability are all 
involved in the voltage dip issue. A lot more work should should be done after research on the 
PIT calculation method, and further study on the relationship between the protection and PIT. 
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