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This paper presents a proposed technique to solve the optimal placement and sizing problem of 
fixed capacitor banks in radial distribution systems in smart grid environment. The objective is 
to monitor and regulate the network voltage centrally, regarding the overall voltage profile in the 
power system for the online applications. Thus, it is essential to build a database that provides 
the optimal location and sizing of capacitor units for different loading conditions. This database 
can be used in a subsequently steps for online application using a heuristic algorithm as an 
optimization technique for fully-automated networks. A part of the Egyptian distribution 
network is used as a real test system to show the validity, capability and efficiency of the 
proposed technique. 
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1. Introduction 
 

Conventionally, shunt capacitors are used as reactive power compensators in electrical 
networks. The main benefits of their utilization are to minimize the power and energy 
losses, improve power factor and maintain best voltage regulations for all load buses [1]. 
The problem of the optimal placement and sizing of capacitors in electrical networks 
appears generally in radial distribution systems. Thus, defining the optimal number, 
locations and sizes of capacitor banks can maximize the voltage profile improvement, while 
maintaining requested high-quality operating conditions.  

For radial distribution systems, all active power demands and losses must be supplied by 
the source at the main node. Addition of shunt capacitors can compensate some of the 
reactive power and thus, the losses associated with the reactive power flowing through the 
branches can be minimized. However, capacitors are normally added according to the local 
situation of buses to increase the voltage level at this point. Regardless of the possible 
improvement occurring in some adjacent buses, this strategy cannot achieve the best 
improvement in the entire network. 

A number of modifications had been presented in [2] to improve the performance of the 
simple genetic algorithm technique in solving the capacitor placement problem. The 
research presented in [3] introduced a practical solution technique to improve the feeder 
performance through optimally-placed capacitors. The integer-coded genetic algorithms 
(IGA) was presented in [4-6] for solving the full reactive-power compensation planning 
problem that does not violate any system or operational constraint. Early approaches were 
based on heuristic techniques that generally use a performance criterion or a sensitivity 
indicator integrated with an optimization strategy to find quality solutions for complex 
problems [7-9]. These algorithms present the advantage of finding quality solutions with 
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small processing efforts and are generally robust and simple in understanding and 
implementation. 

The operation in the “Smart Grid” environment enables high capability of monitoring, 
protecting and optimizing the operation of interconnected components of modern electric 
power systems in all levels and under all conditions [10- 12]. This establishes new roles and 
criteria to evaluate power system performance. One aspect is to transform distribution 
system into economic, efficient, reliable and secure system and to evaluate its overall 
performance rather than local situations. This can be accomplished depending on many 
technologies such as Supervisory Control and Data Acquisition SCADA system, 
distribution management system (DMS) and enterprise geographic information system 
(GIS) [13- 15]. 

In South Delta Electricity Distribution Company (SDEDC), a small distribution system 
is renewed based on SCADA system for customer-side distribution automation system 
(DAS) [14]. It is utilized to apply automation techniques for operating and controlling the 
low voltage (LV) downstream [16-18]. The developed SCADA system provides fault 
isolation operation, monitoring and controlling functions for the operators and data 
collection for future analysis using Remote Terminal Units “RTUs” [19]. This represents 
one of the main steps for building a smart grid. The optimal operation of distribution 
networks is achieved regarding one of well-known criteria. This involves: minimizing 
network losses, minimizing voltage deviations at the customer loading points and 
maximizing the system reliability [20, 21]. 

This paper presents an effective technique to define the optimal location of capacitor 
banks (CB) in a ring distribution system using the heuristic algorithm (HA) as an 
optimization technique. The main target is to monitor and optimally switch the capacitor 
banks at suitable buses to regulate the voltage of the entire network within a fully 
automated system in the online mode. Thus, it is expected to improve the voltage profile on 
all feeders by reducing the voltage deviation at each bus. Since it is required to test the 
approach on a real distribution system, the technique is implemented on the 11kV 
distribution network in Tanta city as a part of the Egyptian distribution system. 
 
2.  Procedures of the heuristic algorithm 
 

The algorithm starts with carrying out a sensitivity analysis to define the most effective 
buses. Then, power flow calculations are performed for a certain loading conditions to 
define the buses that violate the voltage constraints.  A CB is placed at one of the buses that 
have high sensitivity factor and the power flow calculations are repeated. With no voltage-
constraint violation, the situation is saved as an acceptable solution. This step is repeated 
for CB placed at different candidate buses including placing two and three CBs. 

For the acceptable solutions only, i.e. without violating voltage constraints, the technical 
and economic situations are evaluated, where a special interest is given to the overall 
voltage deviation for all buses. The optimal solution is that satisfies all constraints and 
achieves the best technical and economic operation. A database is built to define the best 
solution for various loading conditions. 
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3. Problem formulation 
 
There are numerous ways to improve the distribution system's overall voltage profile 

such as:  
1- Balancing of loads on the primary feeders. 
2- Increasing the feeder conductor size. 
3- Transferring loads to new feeders. 
4- Installing new substations and primary feeders. 
5- Using the voltage regulators on the primary feeder. 
6- Using the shunt capacitors on the primary feeder. 

 

The capacitors are commonly used to eliminate voltage problems in local buses 
without full examination of the status of other buses. In addition, the switching process is 
performed manually or according to some procedures that require particular time. However, 
it is essential to perform the corrective actions in the online mode to ensure fast response to 
load variations. This necessitates to fully monitor and automat the power system operation 
with an effective bidirectional communication system. The operation, according to these 
principles in the smart grid environment, enables to improve the entire network in a fast and 
effective manner. 

 
4. Proposed technique 

 
The proposed technique is based on observing the voltage profile at all buses and 

taking online corrective actions for the entire network rather than the local status of certain 
buses. Once the electric network is fully observed with the aid of the RTUs, the network 
status is monitored for the voltage variation for 24 hours. According to the loading and 
voltage status, the required switched capacitors are defined online based on a pre-
established database. Hence, corrective signals can be generated to accomplish the 
switching process automatically. The bidirectional communication system enables to 
regulate the voltage at all buses in online mode  

The following basic information is assumed to be known: 
 The various types of the load demand in the main feeder such as: residential, commercial, 
industrial and important-place customers, such as hospitals, government … etc. 
 Transformer ratings and percentage loading conditions. 
 The length of each section given in meters. 
 The customer type and connected kVA at each load centre. 

Different loading conditions are studied, taking the present loading as a reference 
measurement, i.e. present load is considered as a 100% loading condition. 

 
4.1. Objective function 
 

The objective is to minimize the cost of capacitor banks installation, while the 
operating constraints are satisfied. The costs of capacitor banks can include indirect cost 
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due to the installation of new RTUs at the capacitor locations that do not contain RTUs. 
When there are different alternatives with the same cost, the solution that reduces the 
voltage deviation related to the flat voltage (1.0 per unit) will have the priority. Thus, the 
network will operate with the best voltage profile. 

a) Minimizing the cost of capacitor banks 
The utilization of capacitor banks should involve some considerations of the economic 

trade-offs associated with their installation. The capital cost of the capacitor bank Cc in a 
single installation bears a linear relationship to the capacitor current. This involves fixed 
and variable costs for the capacitor. The fixed cost represents the installation and labour 
cost and the cost of miscellaneous hardware including the support structure, fuse cut-out 
and lightning arrestor, while the variable cost depends on the kVA capacity of the 
capacitor. 

RTU
n

1j
cjc1 Ckd.ai.eMinCFMin ⋅++== ∑

=
                         (1) 

 where, e is the variable cost component of a capacitor bank, icj is the capacitive 
current flowing in segment j, d is the fixed cost component of a capacitor bank, k is the 
number of new RTUs that will be installed at the capacitor locations that initially have no 
RTUs and CRTU is the cost of RTU unit. The factor "a" is a decision factor that depends on 
the existence of a capacitor bank at this node. 
a=1     icj>0 
a=0     icj=0 
and, n,....3,2,1jIIi cj1cjcj =−= −                                       (2) 

If r is the annual discount rate during the life period of the capacitor, the general cost 
model of the capacitor bank can be written as: 

 ∑ ∑
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c                       (3) 

For each loading condition, the network is investigated to define all buses that violate 
the minimum voltage constraint. According to each case, the minimum number of 
capacitors required to eliminate this violation is determined. The evaluation is 
accomplished according to the voltage profile of the entire network rather than local bus 
problems. The possibility of connecting capacitors at different buses is deeply studied using 
sensitivity analysis to get the optimal placement. Then, a database is built to obtain the 
optimal solution of the voltage deviation problem for various loading conditions. 

b) Minimizing the voltage deviation 
This objective function is applied for cases that have the same cost of capacitor banks. 

In this case, the voltage deviation is minimized with respect to the flat voltage, so that the 
regulation factor at the load buses in the distribution system can be modified. This objective 
function can be expressed as: 

)VV(FMin sp
N

1j
j2 −=∑

=

                       (4) 
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Where, Vj is the voltage magnitude at bus j, Vsp is the 1.0 pu flat voltage and N is the 
number of load buses. 
 
4.2. System Constraints 

a) Voltage level constraints 
Each loading condition needs capacitor banks to maintain the voltage magnitude at 

each bus within their permissible limits as:  
N,......3,2,1jVVV max

jj
min
j =≤≤                  (5) 

where, Vj
min and Vj

max are the minimum and maximum voltage magnitude at bus j. 
b) Active and reactive power generation constraints 

Active and reactive power generation must be within their specified limits as: 
max
jj

min
j PPP ≤≤                          (6) 

max
jj

min
j QQQ ≤≤                         (7) 

where, Pj and Qj are the active and reactive power generation at node j. 
 

c) Active and reactive power balance constraint 
The active and reactive power balance equations are: 

b
N

1j
pbjb PLP δ+=∑

=
                        (8) 

b
N

1j
qbjb QLQ δ+=∑

=
                        (9) 

where, Pjb is the active power flow from bus j to bus b, Lpb is the real power demand at 
bus b, δPb is the active power imbalance tolerance at bus b, Qjb is the reactive power flow 
from bus j to bus b, Lqb is the reactive power demand at bus b and δQb is the reactive power 
imbalance tolerance at bus b. 

 
d) The number of permissible capacitor banks constraint 

The number of capacitor banks can be expressed to satisfy the following expression: 

total
m

1i
c QQ∑

=
≤                           (10) 

where, Qc is the kvar obtained from the capacitor bank, Qtotal  is the total reactive 
power flow requirement and m is the total number of capacitor banks. 

 
5.  Case study 

A part of the Egyptian distribution network is used as a real distribution test system to 
show the capability of the proposed technique to find the optimal sitting and sizing of the 
capacitor banks. The ring distribution system is divided into two radial feeders, each feeder 
having many sections and each section has a lumped load centre as shown in Fig. 1. The 
two radial feeders are connected by a tie switch at bus number 22 to connect the two 
feeders at emergency condition and disconnect them at normally condition. This network 
has 29 possible buses for installing the capacitor banks. Some of these buses have RTUs, 
while the others haven't RTUs. 
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The investigated network is simulated by the Electrical Transient Analyser Program 
“ETAP” package in order to obtain the power flow solution. The loading conditions and the 
results of the power flow are indicated in Table 1. 

 
Fig. 1, The single line diagram for the investigated network (full data are summarized in the appendix) 
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It is not practical to carry out the heuristic technique for all possible solutions. This will 
take a huge number of tries especially for large networks. Therefore, it is proper to carry 
out a sensitivity analysis (SA) to define the most sensitive buses that will take the priority 
in adding the capacitors. The SA is accomplished for investigating the network by 
sequentially placing a capacitor bank at one by one bus of the 29 buses and run the load 
flow calculations at each time. The voltage deviation for all buses is calculated and the 
average voltage deviation of the whole system is provided. The previous steps are repeated 
again considering two and three capacitor banks instead of one, which are installed at 
different locations regarding the most sensitive buses. 

 
TABLE 1: NETWORK DATA AND POWER FLOW RESULTS 

Bus 
No. 

Voltage 
(kv) 

kw 
Loading

kvar 
loading

Bus 
No.

Voltage 
(kv) 

kw 
Loading

kvar 
loading 

B1 10.516 2875 1814 B30 10.442 184 116 
B2 10.507 1100 695 B32 10.442 316 199 
B4 10.505 1058 669 B34 10.443 346 218 
B6 10.499 899 568 B36 10.452 434 273 
B8 10.495 770 486 B38 10.456 550 347 

B10 10.491 668 423 B40 10.459 716 452 
B12 10.489 598 378 B42 10.463 827 521 
B14 10.483 546 345 B44 10.467 953 602 
B16 10.481 380 240 B46 10.47 1086 685 
B18 10.48 210 132 B48 10.471 1212 765 
B20 10.479 94.586 59.368 B50 10.484 1434 904 
B22 10.479 34.423 21.518 B53 10.486 1452 915 
B24 10.439 34.25 21.734 B55 10.49 1640 1035 
B26 10.439 113 71.734 B57 10.503 1772 1118 
B28 10.442 139 87.911     

The location and size of the CB can affect the voltage profile of the distribution 
network. For each loading condition, there will be a huge number of possible solutions. 
Therefore, an index that reflects how the system voltage profile will be affected by placing 
CB at a certain location has to be defined. A normalized sensitivity factor SFj is calculated 
for the jth to determine the candidate ones in the following form: 

j

k

1i
i

j C

V
SF

Δ

Δ∑
==                                                                        (11) 

Where, iVΔ  is the voltage change at bus i due to inserting a capacitor of CΔ at bus j. 
Thus, the sensitivity factor reflects the overall effect of capacitance insertion on the system 
voltage profile.  The SF is calculated for each bus as shown in Table 2 and the buses are 
arranged from the higher value downward. 
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 As shown from Table 1, the voltage value is lower than the permissible level of 95% at 
six buses: from B24 to B34. Therefore, a special interest has to be directed to observe such 
buses. The HA is applied to eliminate the voltage violation problem according to the 
objective function. This process is repeated for different loading conditions to build a 
database containing a scenario for solving voltage violation problem at different loading 
conditions. This database is required in a futuristic step to be used in the online mode for 
the smart-grid environment.  

 

TABLE 2: SENSITIVITY FACTORS FOR CAPACITOR BANK'S LOCATIONS 

SF 1 1 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 

Bus. No. 26 32 28 24 6 8 16 18 46 48 
 

SF 0.7 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4 

Bus. No. 53 30 34 36 38 40 42 44 50 55 
 

SF 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Bus. No. 57 2 4 10 12 14 20 22 

 

 
6. Results and discussion 

 The HA determines the optimal number and sitting of a 150 kvar capacitor banks as 
shown in Table 3. The optimal solution is given for different loading conditions starting 
from the present loading status (100%). The cost mentioned in this Table is the capacitor's 
installation cost only. The other loading conditions reflect the loading within the next years, 
where the loads will increase dramatically. Thus, the compensation of the reactive power 
can maintain the voltage deviation at different loading conditions of the network within 
acceptable levels. 

 
TABLE 3: OPTIMAL LOCATIONS OF CB USING HA FOR DIFFERENT LOADING CONDITIONS  

Bus. No.  
% loading 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 

100% 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
124% 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 2 
131% 0 0 0 0 0 0 0 0 0 0 0 1 2 1 1 2 
138% 0 0 1 1 0 0 0 1 1 0 0 1 2 1 1 2 

 

Bus. No.  
% loading 

34 36 38 40 42 44 46 48 50 53 55 57 Cost (LE) 

100% 0 0 0 0 0 0 0 0 0 0 0 0 12000 
124% 1 0 0 0 0 0 0 0 0 0 0 0 48000 
131% 1 1 1 1 1 1 1 1 1 0 0 0 96000 
138% 1 1 1 1 1 1 1 1 1 1 1 0 132000 

  

Fig. 2 shows the number of capacitors required for each loading condition to eliminate 
the voltage violation of the network. The number of capacitors mentioned for each loading 
condition is the minimum number of capacitors to eliminate the voltage violation in the 
whole system. Each level of increasing the load demand represents a future load point, 
where the 138% loading refers to the maximum load for all distribution transformers after 
ten years approximately. 
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Since the target is to achieve full automated operation, the capacitor locations must be 
monitored and hence, RTUs has to be installed in these locations to facilitate the switching 
on and off process. Thus, according to the voltage violation levels and loading conditions, 
the capacitor units will be switched on or off automatically. 
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Fig. 2 Number of capacitors required for each loading condition 

 

In a previous research of the authors [14], a study is performed to determine the 
optimal locations of RTUs according to economic and technical factors, where the optimal 
locations are shown in Table 4. However, the full monitoring and the automatic switching 
process of capacitor units require redefining the locations of RTUs. The buses at which 
capacitor banks are installed have to be provided with RTUs, which can affect the 
economic status of the technique. Therefore, the optimization study has to be repeated 
considering the locations of the capacitors within the distribution network. 

 
TABLE 4: OPTIMAL LOCATIONS OF RTUS USING GA  

Bus. No. 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 
Optimal locations 1 1 1 0 0 0 1 0 0 0 0 1 1 0 0 1 

 

Bus. No. 34 36 38 40 42 44 46 48 50 53 55 57 Cost value (LE) 
Optimal locations 0 0 1 1 0 0 0 0 1 0 1 1 20795 
 
The optimization process is repeated to define the optimal locations of RTUs 

considering the locations of the capacitor bank. A special importance is appointed to the 
locations of the capacitor bank, which affects the optimal location of RTUs. Table 5 shows 
the new locations of RTUs considering the locations of the capacitor banks.  

 
TABLE 5: OPTIMAL LOCATIONS OF RTUS USING GA AT DIFFERENT LOADING CONDITIONS CONSIDERING 

LOCATIONS OF CAPACITOR BANKS  
Bus No. 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 
100% 0 1 0 0 0 0 1 0 0 0 0 1 1 0 0 1 
124% 0 1 0 0 0 0 1 0 0 0 0 1 1 1 1 1 
131% 0 1 0 0 0 0 1 0 0 0 0 1 1 1 1 1 
138% 0 1 1 1 0 0 1 1 1 0 0 1 1 1 1 1 

 

Bus No. 34 36 38 40 42 44 46 48 50 53 55 57 Cost (LE) 
100% 0 0 1 1 0 0 0 0 1 0 0 1 35834 
124% 0 0 1 1 0 0 0 0 1 0 0 1 80013 
131% 1 1 1 1 1 1 1 1 1 0 0 1 141575 
138% 1 1 1 1 1 1 1 1 1 1 1 1 196006 

In addition, the overall cost according to the optimal location of RTUs and capacitor 
banks is also given in the same table. This cost includes the cost of RTUs and capacitor 
banks in addition to the cost of installing a room to contain all equipment and units. 
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Figure 3 shows the relation between the abovementioned overall cost and the number 
of capacitor banks. It is obviously seen from the previous curve that the overall cost 
increases with the number of capacitors in almost a linear form.  

To evaluate the effect of installing the capacitor banks on the feeder performance, the 
voltage profiles of the two feeders are shown in Figs. 4 and 5. The figures represent the 
present loading condition without any increase in load demand, i.e. 100% loading. 
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Fig. 3 A relation between the overall cost and the number of capacitors 

 

 
Fig 4 Voltage profile for the right hand side feeder of test system 

 

 
Fig 5 Voltage profile for the left hand side feeder of test system 

 

The capacitor installation succeeded to eliminate the voltage violation at the right 
hand side of test system. In addition, the voltage profile on the other side is considerably 
improved. It is important to notice once again that the target is to monitor and regulate the 
overall performance not to solve the local problems. 
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As an extreme case, the performance of the network at 138% loading condition as a 
future situation is investigated. From Figures 6 and 7, there are voltage violations at almost 
all buses without using the capacitor banks. The minimum voltage at the far end of right 
hand side feeder is about 0.93 p.u. After capacitor installation, the voltage violations are 
eliminated at all buses. In the two cases, the minimum voltage in the network after 
installing the capacitor banks is slightly higher than the minimum allowable voltage level. 
This means that the used capacitor banks represent the minimum number of capacitors to 
solve the voltage violation problem, which leads to minimizing the capacitor cost. The 
observation of the entire network and using feedback signals from load centres result in an 
improvement in the voltage profile for the whole network. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 6 Voltage profile for the right hand side feeder of test system 

 
Fig 7 Voltage profile for the left hand side feeder of test system 

 
7. Conclusion 
 A heuristic algorithm has been presented in this paper to define the optimal capacitor 
placement in radial distribution systems. The purpose is to monitor and improve the voltage 
profile and to eliminate the voltage violation problem regarding the performance of the 
entire network rather than at local buses. The full-automation of CB switching requires 
using RTUs at buses, where CBs are installed, which is considered in the economic 
analysis. The proposed algorithm succeeded to eliminate violation of voltage constraints 
with minimum possible number of CBs. In addition a significant improvement in the 
voltage profile is achieved through all buses of the network. This is attributed to the choice 
of CB locations that minimize the voltage deviation when a number of solutions with the 
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same costs are obtained. This step is intended for online application with fully automated 
system inside smart grid environment. 
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Appendix 
 

Full data of the investigated network 
Cable data Transformers data 

Cable positive 
sequence 

parameters 
 (ohms/1000 km) 

Cable zero 
sequence 

parameters 
 (ohms/1000 

km) 

Cable 
ID 

From 
Bus 

To 
Bus 

length 
(m) 

r x y r x 

Tr. 
ID 

Rated 
voltage 

(kV) 

Rated 
power 
(kVA) 

% 
z x/r 

1 B1 B2 270  265 96.2 0 421.35 244.35 T1 11 / 0.4 300  4 3.09 

2 B2 B4 70  265 96.2 0 421.35 244.35 T2 11 / 0.4 500  4 3.09 

3 B4 B6 210  265 96.2 0 421.35 244.35 T3 11 / 0.4 500  4 3.09 

4 B6 B8 200  265 96.2 0 421.35 244.35 T4 11 / 0.4 800  5 5.79 

5 B8 B10 200  265 96.2 0 421.35 244.35 T5 11 / 0.4 250  4 3.09 

6 B10 B12 80  265 96.2 0 421.35 244.35 T6 11 / 0.4 250  4 3.09 

7 B12 B14 380  265 96.2 0 421.35 244.35 T7 11 / 0.4 500  4 3.09 

8 B14 B16 170  265 96.2 0 421.35 244.35 T8 11 / 0.4 500  4 3.09 

9 B16 B18 150  265 96.2 0 421.35 244.35 T9 11 / 0.4 500  4 3.09 

10 B18 B20 420  265 96.2 0 421.35 244.35 T10 11 / 0.4 300  4 3.09 

11 B20 B22 50  265 96.2 0 421.35 244.35 T11 11 / 0.4 300  4 3.09 

12 B22 B24 650  265 96.2 0 421.35 244.35 T12 11 / 0.4 100  4 2.47 

13 B24 B26 30  265 96.2 0 421.35 244.35 T13 11 / 0.4 300  4 3.09 

14 B26 B28 650  265 96.2 0 421.35 244.35 T14 11 / 0.4 100  4 2.47 

15 B28 B30 50  265 96.2 0 421.35 244.35 T15 11 / 0.4 500  4 3.09 

16 B32 B30 100  265 96.2 0 421.35 244.35 T16 11 / 0.4 1000  5 5.79 

17 B34 B32 100  265 96.2 0 421.35 244.35 T17 11 / 0.4 200  4 3.09 

18 B36 B34 850  265 96.2 0 421.35 244.35 T18 11 / 0.4 300  4 3.09 

19 B38 B36 250  265 96.2 0 421.35 244.35 T19 11 / 0.4 500  4 3.09 

20 B40 B38 200  265 96.2 0 421.35 244.35 T20 11 / 0.4 500  4 3.09 

21 B42 B40 200  265 96.2 0 421.35 244.35 T21 11 / 0.4 500  4 3.09 

22 B44 B42 170  265 96.2 0 421.35 244.35 T22 11 / 0.4 500  4 3.09 

23 B46 B44 100  265 96.2 0 421.35 244.35 T23 11 / 0.4 500  4 3.09 

24 B48 B46 40  265 96.2 0 421.35 244.35 T24 11 / 0.4 500  4 3.09 

25 B50 B48 350  265 96.2 0 421.35 244.35 T25 11 / 0.4 500  4 3.09 

26 B53 B50 40  265 96.2 0 421.35 244.35 T26 11 / 0.4 500  4 3.09 

27 B55 B53 100  265 96.2 0 421.35 244.35 T27 11 / 0.4 500  4 3.09 

28 B57 B55 270  265 96.2 0 421.35 244.35 T28 11 / 0.4 500  4 3.09 

29 B1 B57 240  265 96.2 0 421.35 244.35 T29 11 / 0.4 500  4 3.09 

30 B59 B1 3200  161 90 0.141 255.99 228.6  
 
 
 


