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TRANSFORMER CONTROL DEVICE AND 
METHOD BASED ON THREE-DIMIENSIONAL 

ZONE DAGRAM POLICY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to the technical field of 
a power system transformer control, in particular to a trans 
former control device and method based on three-dimen 
sional Zone diagram policy. 
0003 2. The Prior Arts 
0004. With the rapid development of power industry, con 
tinuous grid expansion and dramatic power load growth 
enable people to have more requirements for power quality 
and reliability. The Voltage of a power system is an important 
parameter to determine power quality. Large Voltage fluctua 
tion not only can affect efficiency and worklife of electrical 
equipment, but also can lead to Voltage collapse and even 
serious accidents caused by blackout. Transformers are 
important power equipment in a power system. In a power 
system, the total number of transformers is more than that of 
generators, and the total capacity of transformers is much 
higher than the total capacity of generators and the total 
capacity of electric motors, so power loss of transformers 
accounts for total power loss of the whole power system of 
about 30%. Therefore, operating conditions of transformers 
have direct effects on economical operation of power sys 
tems, and low power factors even affect economical operation 
of wires and transformers, which are extremely unfavorable 
for energy saving and improvement of power Supply capabil 
ity of power equipment. In order to ensure stable and eco 
nomical operation of the grid, operating conditions of trans 
formers must also be optimized when power quality is 
improved, power factor is increased, and energy loss is 
reduced. 
0005 Common plane-zone diagram methods mainly 
include nine-Zone diagram method and improvements 
thereof and five-Zone diagram method. The nine-Zone dia 
gram method is a basic method for general control of substa 
tion Voltage and is a typical two-parameter control policy 
including Voltage and power factor. In the nine-Zone diagram 
method, a Voltage-reactive plane is divided into 9 Zones 
according to constant Voltage and upper and lower limits of 
the power factor, as shown in FIG. 1. In FIG. 1, the ordinate 
represents the voltage U on the low voltage side of the trans 
former, the abscissa represents the power factor cos (p on the 
high Voltage side of the transformer, U represents upper 
Voltage limit. U, represents lower Voltage limit, cos (p, rep 
resents the lower limit of the power factor, and cos (p, repre 
sents the upper limit of the power factor. The ordinate and the 
abscissa are respectively divided into three sections with the 
parameters. For the ordinate, if a point is higher than U, then 
the Voltage is out of the upper Voltage limit; if a point is lower 
than U, then the voltage is out of the lower voltage limit. For 
the abscissa, if a point is higher than cos (p, then the power 
factor is out of the upper limit; if a point is lower than cos (p. 
then the power factor is out of the lower limit. The nine-Zone 
diagram aims to control the Voltage and the power factor 
within the upper limit and the lower limit, namely within the 
range of the nine Zones. If the Voltage and the power factor do 
not meet the requirements at the same time, the Voltage should 
take precedence over the power factor. 
0006. In addition to the traditional nine-Zone diagram, 
many researchers study on the traditional nine-Zone diagram 
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for Some improvements. At present, common improved Zone 
methods include eleven-Zone diagram method, fifteen-Zone 
diagram method, seventeen-Zone diagram method, etc. 
0007. The plane of the eleven-Zone diagram method is 
shown in FIG. 2. The eleven-Zone diagram method is almost 
similar to the nine-Zone diagram method, but one Sub-Zone is 
respectively added to the original Zone 2 and Zone 6 to 
prevent equipment vibration and frequent operation. Accord 
ing to the control policy, when the operating condition is in 
Zone 8, the control policy of the traditional nine-Zone dia 
gram method is used, i.e. transformer taps should be adjusted 
first to increase the Voltage. If the transformer taps are 
adjusted to the top position, the capacitors should be switched 
on. Then, the operating condition is in Zone 9 or Zone 20, so 
adjustment is not necessary. If the transformer taps are not in 
the top position, the operating condition will enter Zone 20 
after the transformer taps are adjusted to a higher position. 
Then, the transformer taps are adjusted to a much higher 
position, and the capacitors are Switched off. So that the 
operating condition enters Zone 2 first before entering Zone 
9. Therefore, the control policy can effectively prevent equip 
ment vibration and frequent operation. 
0008. The plane-zone diagram of the fifteen-Zone diagram 
method is shown in FIG. 3. The difference between the fif 
teen-Zone diagram and the traditional nine-Zone diagram is 
that two dotted lines are added between the upper voltage 
limit and the lower voltage limit. The dotted lines in FIG. 3 
represent critical parameters, the Zone between the dotted 
lines represents the voltage acceptable Zone, and the Zones on 
two sides of the dotted lines represent voltage dead Zones. The 
critical parameters are set as required. Compared with the 
traditional nine-Zone diagram, the fifteen-Zone diagram has 
six more control Zones and has the advantages of more precise 
control and less equipment operations. 
0009. The plane-zone diagram of the seventeen-Zone dia 
gram method is shown in FIG. 4. In the seventeen-Zone dia 
gram method, the control policy adopts automatic timing and 
is self-adaptive to the wiring of the system. According to 
requirements of the system, five control policies can be 
adopted, including consideration of Voltage only, consider 
ation of reactive power only, Voltage precedence, reactive 
power precedence and overall consideration. Different Zones 
need different control policies. In general, Voltage precedence 
should be considered first for a substation, and then reactive 
power. 

0010. The five-Zone diagram adopts the voltage reactive 
power control (VQC) principle and has totally different con 
trolled objects from the traditional nine-Zone diagram. The 
principle is estimated based on operation effects, is deter 
mined according to quality distances and is used for VOC 
devices, as shown in FIG. 5. 
0011. According to characters of operating actions to 
VQC devices, the operating actions include: 
0012 No action 
0013 Higher transformer position 
0014 Lower transformer position 
0015 Switching capacitors on 
0016 Switching capacitors off 
0017. The optimal operating action is selected according 
to given controlled objects and locked constraints as the final 
operation, so the control concept forms, in which operating 
actions to VQC devices are directly utilized as controlled 
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objects. Therefore, compared with the nine-Zone diagram, the 
five-Zone diagram has more precise and more effective con 
trol policy. 
0018. A vector diagram can be obtained as shown in FIG. 
6 by vectoring current operating conditions on the U-Q plane 
with the five operations above. 
0019. In the text above, the two-parameter control policy 
of the Voltage-power factor (reactive power) is considered. 
However, in the actual operation of a Substation, another 
important parameter is not considered, namely operating con 
ditions of transformers. Therefore, some problems may 
occur, for example: 
0020 (1) A substation has multiple transformers. When 
both the Voltage and the power factor are satisfied, operators 
cannot determine the operating mode to optimize the operat 
ing mode of the Substation. 
0021 (2) The operating mode of the transformers is deter 
mined according to the economy load parameter of the trans 
formers only without considering the Voltage and the power 
factor. Although transformer load factor is equal to the 
economy load parameter, the power factor is very low, so 
transformer loss is not the minimum. 

SUMMARY OF THE INVENTION 

0022. In terms of the disadvantages of the prior art, the 
present invention provides a transformer control device 
method based on three-dimensional Zone diagram policy. The 
present invention aims to enable transformers to operate in 
the optimal operating mode and reduce transformer loss. 
0023. A transformer control device based on three-dimen 
sional Zone diagram policy according to the present invention 
comprises: a current input, a Voltage input, a channel selector, 
a rectifier, a single-chip microcomputer, a data memory, an 
interrupt processor, a data buffer, a keyboard display chip, a 
first latch and a second latch. The output terminal of the 
current input is connected with the first input terminals of the 
channel selector, the output terminal of the Voltage input is 
connected with the second input terminals of the channel 
selector, and the output terminal of the channel selector is 
connected with the input terminal of the rectifier; the output 
terminal of the rectifier is connected with the input terminal of 
the first latch, the output terminal of the first latch is con 
nected with the A/D input terminal of the single-chip micro 
computer, and the input/output terminal of the single-chip 
microcomputer is connected with the input/output terminal of 
the second latch; the output terminal of the single-chip micro 
computer is connected with the first input terminal of the data 
memory, the first output terminal of the second latch is con 
nected with the second input terminal of the data memory, and 
the second output terminal of the second latch is connected 
with the input terminal of the data buffer; the third output 
terminal of the second latch is connected with the data termi 
nal of the keyboard display chip, and the fourth output termi 
nal of the second latch is connected with the input/output 
terminal of the interrupt processor. 
0024. A transformer control method based on three-di 
mensional Zone diagram policy, in which the transformer 
control device based on three-dimensional Zone diagram 
policy is used. The method comprises the following steps of 
0025 Step 1: Setting transformers in a power system, 
including a transformer A and a transformer B, and collecting 
three-phase Voltage data and three-phase current data in the 
power system; 
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0026 Step 2: Rectifying the three-phase voltage data and 
the three-phase current data collected in Step 1, and transfer 
ring the data to the latches in a time-transfer method; the 
time-transfer method comprises the following steps of 
Directly transferring a set of original three-phase Voltage data 
to the latches; after one cycle, transferring collected real-time 
current data to the latches; after one more cycle, transferring 
power data to the latches; and outputting the three sets of data 
from the latches; 
0027. The three-phase voltage data in the latches are not 
equal to the real-time Voltage data after 2 cycles, so compen 
sation is necessary. The Voltage compensation formula is as 
follows: 

du Au u N - uo (1) 
dt At tw - to 

Where Au-Voltage variation in the 2 cycles: At=2 cycles: 
uv. Current Voltage; uo Latched Voltage; ty. Current time; 
and to Voltage latching time. 
0028. The current data in the latches are not equal to real 
time current data after 1 cycle, so compensation is necessary. 
The compensation method is the same as the Voltage com 
pensation method. The current compensation formula is as 
follows: 

di Ai iw - io 
di Art - it, 

Where Ai=Current variation after 1 cycle; At'=1 cycle: 
i-Present current; iLatched current; t'=Current time; and 
to Current latching time. 
0029 Step 3: Transferring the data processed in Step 2 to 
an A/D converter of the single-chip microcomputer to convert 
analog signals to digital signals, and constructing a three 
dimensional Zone diagram in the processor. 
0030 The three-dimensional Zone diagram means that 
Substation load is added to a two-dimensional nine-Zone dia 
gram to form a three-dimensional Zone diagram comprising 
three coordinate axes of three-phase Voltage U, reactive 
power factor COS cp and substation load S. 
0031. The three-dimensional Zone diagram is named by 
the following rule: (a) Number sequence in each layer is the 
same as that of traditional nine-Zone diagrams; (b) Serial 
numbers of the S axis are sequenced in an ascending order 
along the forward of the S axis according to critical load 
power; when the Saxis is divided into N sections, the bottom 
serial number is 1, and the top serial number is N; the critical 
load means the load value when the operating mode of a 
transformer changes. 
0032 To sum up, in the three-dimensional Zone diagram, 
each Zone number comprises double digits; the first digit 
represents the layer of the S axis, and the second digit repre 
sents the position of the Zone in the layer corresponding to the 
traditional nine-Zone diagram. Therefore, 9 zones in the bot 
tom layer are numbered from 11 to 19, 9 zones in the middle 
layer are numbered from 21 to 29, and 9 zones in the top layer 
are numbered from 31 to 39. 
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0033. The method for constructing a three-dimensional 
Zone diagram comprises the following steps of 
0034 Step 3-1: Constructing a three-dimensional coordi 
nate system with the three-phase Voltage, the reactive power 
factor and the substation load. 
0035) Step 3-2: Determining critical load power limits in 
the method that critical load is determined according to 
parameters on the nameplate of a transformer, i.e. critical load 
can be determined as long as the type of the transformer in a 
target Substation is known. 
0036 Step 3-3: Determining three-phase voltage limits in 
the following two methods: 
0037 (1) The upper limit of the voltage is set as the maxi 
mum acceptable positive offset or a value 2% less than the 
maximum offset, and the lower limit of the Voltage is set as 
the maximum acceptable negative offset or a value 2% 
greater than the maximum negative offset. 

0038 (2) A time period is divided into several sub-periods, 
and Voltage limits are set respectively based on the Sub 
periods; the time period can be 1 day, 1 week or 1 month. 

0039. The three-phase voltage limits determined in 
method (1) and method (2) are corrected in a contrary Voltage 
control method. The contrary Voltage control method is per 
formed by increasing the centerpoint Voltage at the peak load 
and reducing the center point Voltage at the trough load. 
Compensation effects of contrary Voltage control are opti 
mized by making the Voltage operate towards the upper limit 
at peak load and increasing the lower Voltage limit, or making 
the Voltage operate towards the lower limit at trough load and 
reducing the upper Voltage limit. 
0040 Step 3-4: Determining reactive power factor limits 
in the following two methods: 
0041 (1) Reactive power factor limits are set as constant 
values in the following method: The reactive power factor 
limits are set based on requirements of the substation for 
the power factor according to one of the following rules: 
0042 Rule 1: The substation requires that the power 
factor should not be less than 0.9 at the maximum load, 
and the closer to 1 the better. Therefore, the upper power 
limit is set as 1, and the lower power limit is set as 0.9. 

0043 Rule 2: Substations of 110 KV or less are not 
allowed to transfer reactive power back to the grid. 
Therefore, the lower limit of the reactive power is set as 
0, and the upper limit of the reactive power is set as 1.3 
times higher than reactive power of a single capacitor. 

0044 (2) Reactive power limits are set with curves by 
dividing a time period into several Sub-periods according 
to the requirements of the Substation, and reactive power 
factor limits are set respectively based on the sub-periods: 
the time period can be 1 day, 1 week or 1 month. 

0045 Method (1) and method (2) above are corrected in 
the same contrary Voltage control method as Step 3-3. 
0046 Step 4: Determining transformer operating condi 
tions according to points of the Voltage, the reactive power 
factor and the substation load in the three-dimensional Zone 
diagram, and adjusting the transformer in the three-dimen 
sional Zone diagram method and the three-dimensional Zone 
diagram projection method. The three-dimensional Zone dia 
gram method comprises the following steps of setting S, 
as the low critical load, and setting S, 'as the high critical 
load. 
0047. If the points are in Zone 11, then the voltage is out of 
the lower voltage limit, the power factor is out of the upper 
limit, and the load power is lower than S,'. The transform 
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ers should be adjusted by the method that transformer taps are 
raised first, the capacitors are Switched off, and meanwhile, 
transformer A operates independently. 
0048 If the points are in Zone 12, then the voltage is 
acceptable, the power factor is out of the upper limit, and the 
load power is lower than S,'. The transformers should be 
adjusted by the method that the capacitors are switched off, 
and meanwhile, transformer A operates independently. 
0049. If the points are in Zone 13, then the voltage is out of 
the upper Voltage limit, the power factor is out of the upper 
limit, and the load power is lower than S,'. The transform 
ers should be adjusted by the method that the capacitors are 
switched off, transformer taps are lowered, and meanwhile, 
transformer A operates independently. 
0050. If the points are in Zone 14, then the voltage is out of 
the upper Voltage limit, the powerfactor is acceptable, and the 
load power is lower than S, ''. The transformers should be 
adjusted by the method that transformer taps are lowered, and 
meanwhile, transformer A operates independently. 
0051. If the points are in Zone 15, then the voltage is out of 
the upper voltage limit, the power factor is out of the lower 
limit, and the load power is lower than S,'. The transform 
ers should be adjusted by the method that transformer taps are 
lowered, the capacitors are Switched on, and meanwhile, 
transformer A operates independently. 
0052. If the points are in Zone 16, then the voltage is 
acceptable, the power factor is out of the lower limit, and the 
load power is lower than S, ''. The transformers should be 
adjusted by the method that the capacitors are switched on, 
and meanwhile, transformer A operates independently. 
0053. If the points are in Zone 17, then the voltage is out of 
the lower voltage limit, the power factor is out of the lower 
limit, and the load power is lower than S,'?. The transform 
ers should be adjusted by the method that capacitors are 
Switched on, transformer taps are raised, and meanwhile, 
transformer A operates independently. 
0054 If the points are in Zone 18, then the voltage is out of 
the lower voltage limit, the power factor is acceptable, and the 
load power is lower than S,'. The transformers should be 
adjusted by the method that transformer taps are raised, and 
meanwhile, transformer A operates independently. 
0055. If the points are in Zone 19, then the voltage is 
acceptable, the powerfactor is acceptable, and the load power 
is lower than S,'. The transformers should be adjusted by 
the method that transformer taps are kept in the original 
position, the capacitors remain in the same condition, and 
meanwhile, transformer A operates independently. 
0056. If the points are in Zone 21, then the voltage is out of 
the lower voltage limit, the power factor is out of the upper 
limit, and the load power is between S,'” and S?'. The 
transformers should be adjusted by the method that trans 
former taps are raised first, the capacitors are Switched off. 
and meanwhile, transformer B operates independently. 
0057. If the points are in Zone 22, then the voltage is 
acceptable, the power factor is out of the upper limit, and the 
load power is between S,' and S,'. The transformers 
should be adjusted by the method that the capacitors are 
switched off, and meanwhile, transformer B operates inde 
pendently. 
0.058 If the points are in Zone 23, then the voltage is out of 
the upper Voltage limit, the power factor is out of the upper 
limit, and the load power is between S,' and S.'. The 
transformers should be adjusted by the method that the 
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capacitors are Switched off first, transformer taps are lowered, 
and meanwhile, transformer B operates independently. 
0059. If the points are in Zone 24, then the voltage is out of 
the upper Voltage limit, the powerfactor is acceptable, and the 
load power is between S,'” and S.'. The transformers 
should be adjusted by the method that transformer taps are 
lowered, and meanwhile, transformer B operates indepen 
dently. 
0060. If the points are in Zone 25, then the voltage is out of 
the upper voltage limit, the power factor is out of the lower 
limit, and the load power is between S, and S,'. The 
transformers should be adjusted by the method that trans 
former taps are lowered first, the capacitors are Switched on, 
and meanwhile, transformer B operates independently. 
0061. If the points are in Zone 26, then the voltage is 
acceptable, the power factor is out of the lower limit, and the 
load power is between S,'” and S.'. The transformers 
should be adjusted by the method that the capacitors are 
Switched on, and meanwhile, transformer B operates inde 
pendently. 
0062) If the points are in Zone 27, then the voltage is out of 
the lower voltage limit, the power factor is out of the lower 
limit, and the load power is between S, and S. '. The 
transformers should be adjusted by the method that capacitors 
are Switched on, transformer taps are raised, and meanwhile, 
transformer B operates independently. 
0063. If the points are in Zone 28, then the voltage is out of 
the lower voltage limit, the power factor is acceptable, and the 
load power is between S, and S.'. The transformers 
should be adjusted by the method that transformer taps are 
raised, and meanwhile, transformer B operates indepen 
dently. 
0064. If the points are in Zone 29, then the voltage is 
acceptable, the power factor is acceptable, and the load power 
is between S,'” and S. '. The transformers should be 
adjusted by the method that transformer taps are kept in the 
original position, the capacitors remain in the same condition, 
and meanwhile, transformer B operates independently. 
0065. If the points are in Zone31, then the voltage is out of 
the lower voltage limit, the power factor is out of the upper 
limit, and the load power is higher than S,?'. The trans 
formers should be adjusted by the method that transformer 
taps are raised first, the capacitors are Switched off, and mean 
while, transformers A and B operate in parallel. 
0066. If the points are in Zone 32, then the voltage is 
acceptable, the power factor is out of the upper limit, and the 
load power is higher than S,'. The transformers should be 
adjusted by the method that the capacitors are switched off, 
and meanwhile, transformers A and B operate in parallel. 
0067. If the points are in Zone33, then the voltage is out of 
the upper Voltage limit, the power factor is out of the upper 
limit, and the load power is higher than S,'. The trans 
formers should be adjusted by the method that the capacitors 
are Switched off transformer taps are lowered, and mean 
while, transformers A and B operate in parallel. 
0068. If the points are in Zone34, then the voltage is out of 
the upper Voltage limit, the powerfactor is acceptable, and the 
load power is higher than S,'. The transformers should be 
adjusted by the method that transformer taps are lowered, and 
meanwhile, transformers A and B operate in parallel. 
0069. If the points are in Zone35, then the voltage is out of 
the upper voltage limit, the power factor is out of the lower 
limit, and the load power is higher than S,?'. The trans 
formers should be adjusted by the method that transformer 
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taps are lowered first, the capacitors are Switched on, and 
meanwhile, transformers A and B operate in parallel. 
0070 If the points are in Zone 36, then the voltage is 
acceptable, the power factor is out of the lower limit, and the 
load power is higher than S,'. The transformers should be 
adjusted by the method that the capacitors are Switched on, 
and meanwhile, transformers A and B operate in parallel. 
0071. If the points are in Zone37, then the voltage is out of 
the lower voltage limit, the power factor is out of the lower 
limit, and the load power is higher than S,?'. The trans 
formers should be adjusted by the method that capacitors are 
Switched on, transformer taps are raised, and meanwhile, 
transformers A and B operate in parallel. 
0072. If the points are in Zone38, then the voltage is out of 
the lower voltage limit, the power factor is acceptable, and the 
load power is higher than S,'. The transformers should be 
adjusted by the method that transformer taps are raised, and 
meanwhile, transformers A and B operate in parallel. 
0073. If the points are in Zone 38, then the voltage is 
acceptable, the powerfactor is acceptable, and the load power 
is higher than S,?'. The transformers should be adjusted by 
the method that transformer taps are kept in the original 
position, the capacitors remain in the same condition, and 
meanwhile, transformers A and B operate in parallel. 
0074 The three-dimensional Zone diagram projection 
method is as follows: 

0075. After one parameter of the voltage, the reactive 
power factor and the substation load is omitted in the three 
dimensional Zone diagram constructed in Step 3, plane pro 
jections of the other two parameters can be obtained: 
0076. When the S-cos (p plane is projected, U represents 
low critical Voltage, and U represents high critical Voltage. 
When the voltage is between U, and U downward vertical 
projection is performed at 90 degrees, and a projection in the 
shape of a two-dimension nine-Zone diagram is obtained. 
When the voltage U is not between U, and U, the projection 
angle C. changes with U. When U is more than U, the pro 
jection angle is an acute angle, and the projection shape is 
shown in FIG.16. When S is less than U, the projection angle 
is an obtuse angle, and the projection shape is shown in FIG. 
17. Projection should be performed at C, so the projection 
angle C. is calculated with the following formula: 

U - (U - U) (2) 

0077. The 90° projection angle is obtained by adjusting 
parameters of the projection axis, and a two-dimensional 
Zone diagram forms after projection. The two-dimensional 
Zone diagram has the naming rule that the projection Zone 
formed by downward vertical projection is represented with 
three digits separated by beelines, and the three digits are 
respectively code names of three Sub-spaces along the ordi 
nate of the three-dimensional Zone diagram. 
0078. Operating conditions of the transformers are deter 
mined according to positions of points formed by the Voltage 
and the reactive power factor in the two-dimensional Zone 
diagram, and the transformers are adjusted by the following 
method: 

(0079. If the points are in Zone 15/16/17, then the power 
factor is out of the lower limit, and the load power is lower 
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than S,'. The transformers should be adjusted by the 
method that the capacitors are Switched on, and transformer A 
operates independently. 
0080. If the points are in Zone 14/18/19, then the power 
factor is acceptable, and the load power is lower than S,'. 
The transformers should be adjusted by the method that the 
existing capacitors remain in the same condition, and trans 
former A operates independently. 
I0081. If the points are in Zone 11/12/13, then the power 
factor is out of the upper limit, and the load power is lower 
than S. The transformers should be adjusted by the 
method that the capacitors are switched off, and transformer 
A operates independently. 
I0082 If the points are in Zone 25/26/27, then the power 
factor is out of the lower limit, and the load power is between 
S,' and S,'. The transformers should be adjusted by the 
method that the capacitors are switched on, and transformer B 
operates independently. 
I0083. If the point is in Zone 24/28/29, then the power 
factor is acceptable, and the load power is between S, and 
S,'. The transformers should be adjusted by the method 
that the existing capacitors remain in the same condition, and 
transformer B operates independently. 
I0084. If the points are in Zone 35/36/37, then the power 
factor is out of the lower limit, and the load power is higher 
than S,'. The transformers should be adjusted by the 
method that the capacitors are Switched on, and transformers 
A and B operate independently. 
I0085. If the points are in Zone 34/38/39, then the power 
factoris acceptable, and the load power is higher than S,?'. 
The transformers should be adjusted by the method that the 
existing capacitors remain in the same condition, and trans 
formers A and B operate independently. 
I0086). If the points are in Zone 31/32/33, then the power 
factor is out of the upper limit, and the load power is higher 
than S,'. The transformers should be adjusted by the 
method that the capacitors are switched off, and transformers 
A and B operate independently. 
0087. The other two projection methods are the same as 
the method above, no more tautology here. 
0088. The present invention has the advantages that a 
three-parameter control policy including Voltage, power fac 
tor and Substation load is adopted, and the control policy is 
simple, easy and clear; analysis of transformer operating con 
ditions is simplified, optimal Substation operation is realized, 
transformer loss is reduced, and economic benefits are 
increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0089 FIG. 1 is the nine-Zone structural diagram for the 
transformer control method based on three-dimensional Zone 
diagram policy in the prior art. 
0090 FIG. 2 is the eleven-Zone structural diagram for the 
transformer control method based on three-dimensional Zone 
diagram policy in the prior art. 
0091 FIG. 3 is the fifteen-Zone structural diagram for the 
transformer control method based on three-dimensional Zone 
diagram policy in the prior art. 
0092 FIG. 4 is the seventeen-Zone structural diagram for 
the transformer control method based on three-dimensional 
Zone diagram policy in the prior art. 
0093 FIG. 5 is the five-zone structural diagram for the 
transformer control method based on three-dimensional Zone 
diagram policy in the prior art. 
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0094 FIG. 6 is the five-Zone vector diagram for the trans 
former control method based on three-dimensional Zone dia 
gram policy in the prior art. 
(0095 FIG. 7 is the block diagram of the transformer con 
trol device based on three-dimensional Zone diagram policy 
in the present invention. 
0096 FIG. 8 is the schematic circuit diagram of the trans 
former control device based on three-dimensional Zone dia 
gram policy in the present invention. 
(0097 FIG. 9 is the schematic circuit diagram of the recti 
fier of the transformer control device based on three-dimen 
sional Zone diagram policy in the present invention. 
0098 FIG. 10 is the flow chart of the transformer control 
method based on three-dimensional Zone diagram policy in 
the present invention. 
0099 FIG. 11 is the three-dimensional Zone structural dia 
gram for the transformer control method based on three 
dimensional Zone diagram policy in the present invention. 
0100 FIG. 12 is the power station three-dimensional Zone 
diagram for the transformer control method based on three 
dimensional Zone diagram policy in the embodiment of the 
present invention. 
0101 FIG. 13 is the substation load-comprehensive power 
loss curve for the transformer control method based on three 
dimensional Zone diagram policy in the embodiment of the 
present invention. 
0102 FIG. 14 is the projection of three-dimensional Zone 
diagram for the transformer control method based on three 
dimensional Zone diagram policy on the cos (p-S plane in the 
present invention. 
0103 FIG. 15 is the projection of three-dimensional Zone 
diagram for the transformer control method based on three 
dimensional Zone diagram policy on the U-S plane in the 
present invention. 
0104 FIG. 16 is the projection shape schematic diagram 
of the transformer control method based on three-dimen 
sional Zone diagram policy in the present invention when S is 
more than S,'. 
0105 FIG. 17 is the projection shape schematic diagram 
of the transformer control method based on three-dimen 
sional Zone diagram policy in the present invention when S is 
less than St. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0106 The present invention is further described by figures 
and the embodiment as follows. 

0107. In the embodiment, the load of a power administra 
tion at 11 o'clock on Jun. 25, 2008 is taken as an example to 
describe the transformer control method based on three-di 
mensional Zone diagram policy. In the embodiment, the oper 
ating mode of transformers is that #2 transformer operates 
independently. The active power of the substation is 91.8068 
MW, the reactive power of the substation is 44.5795 Mvar, 
and average voltage on the low voltage side is 65.69 KV. 
0108. In the embodiment, the block diagram of a trans 
former control device based on three-dimensional Zone dia 
gram policy is shown in FIG. 7. The single-chip microcom 
puter is of a 87C552 type, the latches are of a 74LS373 type, 
and the data buffer is of a 8155 type; the data memory is of a 
28C512 type, the interrupt processing module chip is of a 
MC146818 type, and the keyboard display chip is of a 8279 
type; the channel selector is of a 74HC4051 type, the current 
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transformer is of a LZZBJ9-12 or TR0140-IC type, and the 
voltage transformer is of a JDZ10-10 or TR1140-IC type. 
0109. As shown in FIG. 8 and FIG. 9, Q0-Q3 of the first 
latch is connected with AD 1 of 87C552, D0 of the second 
latch is connected with P0 of 87C552, and P2 of 87C552 is 
connected with I/O-I/O of 28C512; P0 of 87C552 is con 
nected with I/O of 8155, and P0 and INT1 of 87C552 are 
connected with I/O and IRQ of MC146818. 
0110. Current sensor and Voltage sensor Sampling process 

is as follows: Continuously sampling single-phase output 
signals of the Voltage transformer and the current transformer 
alternatively in one half of the obtained signal cycle 0. During 
single-phase sampling, the Zero crossing point of the Voltage 
sensor output signal is detected firstly (if the A/D conversion 
value is within a range, the Zero crossing point is the Zero 
point). If a Zero crossing point is detected, sampling data are 
recorded right now. After the voltage is collected at that 
moment, the current is sampled immediately. Then, a second 
sampling is performed after a few cycles, so that 50 sampling 
data are respectively collected. Next, Zero crossing is deter 
mined until a Zero point is detected again, and the single 
phase sampling ends. 
0111. The interrupt processing module MC146818 has the 
following interrupt processing procedures that MC146818 is 
initially set to have one interruption every one second. During 
the interruption, the system is checked for power failure first 
by copying the time (hour, minute and second) in the 
MC146818 time Zone to the user random access memory of 
MC146818 (the random access memory is power by batter 
ies, so RAM data are not lost during blackout). In normal 
conditions, the time in the time Zone is one second later than 
the copied time during next interruption. If the system is 
powered off, time copy stops even if MC146818 still oper 
ates. Therefore, when interruption occurs, blackout can be 
determined by comparing the time in the time Zone and the 
copied time. If blackout occurs, the copied time is the start 
time of blackout, and the time in the time Zone must be the end 
time of blackout. When blackout is detected, the start time and 
the end time should be marked with special data and written 
to 28C512, and then, next time copy is performed. In normal 
conditions without blackout, time copy is performed directly, 
and then, the copied time is stored in the fixed unit of 28C512. 
0112. In the embodiment, the flow chart of a transformer 
control method based on three-dimensional Zone diagram 
policy is shown in FIG. 10. The method comprises the fol 
lowing steps of 
0113 Step 1: Collecting voltage data and current data, and 
calculating the power factor as shown in Table 1. 

TABLE 1. 

Collected Voltage and Current 

Voltage/KV Current A Power Factor 

66.5 125.6 O.922.194 
67.8 125.8 O.940554 
68.1 126.1 O.919923 
66.6 125.6 O.961524 

0114 Step 2: Storing the first set of collected voltage data 
66.5 KV to the latches; after one cycle, storing the first set of 
collected current data to the latches; after one more cycle, 
storing the first set of power factor 0.922 194 to the latches; 
outputting the three data simultaneously from the latches 
when the first set of power factors enters the latches. The 
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voltage data are the first to enter the latches and are stored in 
the latches for two cycles, so the voltage data are different 
from Voltage data transmitted in real time after two cycles 
when the power factors enter the latches. Therefore, compen 
sation on the Voltage data in the latches is necessary. The 
current data principle is the same as the Voltage data principle. 
The current data enter the latches one cycle earlier than the 
power factor data, so compensation is also necessary by the 
formula as follows: 

du Au u N - uo (3) 
dt At tw - to 

0115 Step 3: Transferring the data processed in Step 2 to 
the A/D converter of the processor, and constructing the three 
dimensional Zone diagram, as shown in FIG. 11 and FIG. 12; 
0116 Step 3-1: Constructing a three-dimensional coordi 
nate system with the Voltage, the power factor and the 
Substation load. 

0117 Step 3-2: Determining the critical load power limit 
as S, '-51.361. The acceptable voltage range is as 
specified by the power administration. In general, the fluc 
tuation range of the 66 KV voltage level is -3%-+7%, i.e. 
the acceptable voltage range is 64.02-70.62 KV. The 
acceptable power factor range is set as 0.93-0.98, so the 
threshold of the load Saxis in the three-dimensional Zone 
diagram is S,?'. As shown in FIG. 13, the S axis is 
divided into two Zones. In this case, the three-dimensional 
Zone diagram is divided into 18 Sub-Zones. 

0118 Step 3-3: Determining the voltage limits as U-64. 
02 and U–70.62: 

0119 Step 3-4: Determining the reactive powerfactor lim 
its as cos (p=0.93 and cos (p=0.98: 

I0120 If the three-dimensional Zone diagram method is 
used, Step 4 is as follows: 
The points formed by the voltage, the reactive power factor 
and the Substation load in the three-dimensional Zone dia 
gram are in Zone 26. Therefore, the current substation is in the 
operating conditions that the Voltage is acceptable, the power 
factor is out of the lower limit, and the load power is out of the 
threshold. When the transformer taps remain in the same 
position, in order to increase the power factor, the capacitors 
should be switched on to reduce the reactive power by the 
three-dimensional Zone diagram method, and the operating 
mode of the transformers should be converted from indepen 
dent operation of transformer B to parallel operation of trans 
formers A and B. 
I0121. If the three-dimensional Zone diagram projection 
method is used, Step 4 is as follows: 
In the embodiment, projection of the U-S plane is used, as 
shown in FIG. 15. The projection formula is as follows: 

cosp - (cos(pH - cospL) (4) 
coSp 

tailo E 

When the projection angle is 90 degrees by adjusting the 
reactive power factor, operating conditions of the transform 
ers are determined according to positions of points formed by 
the Voltage and the Substation load in the two-dimensional 
Zone diagram, and the transformers are adjusted by the fol 
lowing method: 
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0122) If the points are in Zone 11/17/18, then the voltage is 
out of the lower voltage limit, and the load power is lower than 
S.". The transformers should be adjusted by the method 
that transformer taps are raised, and transformer A operates 
independently. 
0123. If the points are in Zone 12/16/19, then the voltage is 
acceptable, and the load power is lower than S,'. The 
transformers should be adjusted by the method that trans 
former taps are kept in the original position, and transformer 
A operates independently. 
0.124. If the points are in Zone 13/14/15, then the voltage is 
out of the upper Voltage limit, and the load power is lower than 
S.". The transformers should be adjusted by the method 
that transformer taps are lowered, and transformer A operates 
independently. 
(0.125. If the points are in Zone 21/27/28, then the voltage is 
out of the lower voltage limit, and the load power is between 
S,'? and S?'. The transformers should be adjusted by the 
method that transformer taps are raised, and transformer B 
operates independently. 
0126. If the points are in Zone 22/26/29, then the voltage is 
acceptable, and the load power is between S,'” and S. '. 
The transformers should be adjusted by the method that trans 
former taps are kept in the original position, and transformer 
B operates independently. 
0127. If the points are in Zone 23/24/25, then the voltage is 
out of the upper voltage limit, and the load power is between 
S,'? and S?'. The transformers should be adjusted by the 
method that transformer taps are lowered, and transformer B 
operates independently. 
0128. If the points are in Zone31/37/38, then the voltage is 
out of the lower voltage limit, and the load power is higher 
than S, '. The transformers should be adjusted by the 
method that transformer taps are raised, and transformers A 
and B operate in parallel. 
0129. If the points are in Zone32/36/39, then the voltage is 
acceptable, and the load power is higher than S,'. The 
transformers should be adjusted by the method that trans 
former taps are kept in the original position, and transformers 
A and B operate in parallel. 
0130. If the points are in Zone33/34/35, then the voltage is 
out of the upper Voltage limit, and the load power is higher 
than S, '. The transformers should be adjusted by the 
method that transformer taps are lowered, and transformers A 
and B operate in parallel. 
What is claimed is: 
1. A transformer control device based on a three-dimen 

sional Zone diagram policy, comprising: a current input, a 
Voltage input, a channel selector, a rectifier, a single-chip 
microcomputer, a data memory, an interrupt processor, a data 
buffer, and a keyboard display chip, wherein the transformer 
control device further comprises a first latch and a second 
latch, an output terminal of the current input is connected with 
a first input terminal of the channel selector, an output termi 
nal of the Voltage input is connected with a second input 
terminal of the channel selector, an output terminal of the 
channel selector is connected with an input terminal of the 
rectifier, an output terminal of the rectifier is connected with 
an input terminal of the first latch, an output terminal of the 
first latch is connected with an input terminal of the single 
chip microcomputer, an input/output terminal of the single 
chip microcomputer is connected with an input/output termi 
nal of the second latch, an output terminal of the single-chip 
microcomputer is connected with a first input terminal of the 
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data memory, an first output terminal of the second latch is 
connected with a second input terminal of the data memory, a 
second output terminal of the second latch is connected with 
an input terminal of the data buffer, a third output terminal of 
the second latch is connected with an input terminal of the 
keyboard display chip, and a fourth output terminal of the 
second latch is connected with an input/output terminal of the 
interrupt processor. 

2. A transformer control method based on a three-dimen 
sional Zone diagram policy, wherein the transformer control 
device based a the three-dimensional Zone diagram policy as 
claimed in claim 1 is used to control a transformer A and a 
transformer B in a power system, and said transformer control 
method comprises the following steps of 

Step 1: collecting three-phase Voltage data and three-phase 
current data in the power system; 

Step 2: rectifying signals of the three-phase Voltage data 
and the three-phase current data collected in Step 1, and 
transferring the data to the latches in a time-transfer 
method; said time-transfer method comprises the fol 
lowing steps of directly transferring a set of original 
three-phase Voltage data to the latches; after one cycle, 
transferring collected real-time current data to the 
latches; after one more cycle, transferring power data to 
the latches; and outputting the three sets of data from the 
latches while the power data enter the latches; 

wherein when the three-phase voltage data in the latches 
are not equal to the real-time Voltage data after 2 cycles, 
compensation is needed; the Voltage compensation for 
mula is as follows: 

du Au u N - uo (1) 
dt At tw - to 

Where Au-Voltage variation in the 2 cycles: At=2 
cycles: uv Current Voltage; uo Latched Voltage; 
ty Current time; to Voltage latching time; 

when the current data in the latches are not equal to real 
time current data after 1 cycle, compensation is needed; 
the current compensation formula is as follows: 

di Ai iw - io 
di Art - it, 

Where Ai-Current variation after 1 cycle; At'=1 cycle: 
i-Present current; io-Latched current; t'=Current 
time; to Current latching time; 

Step 3: transferring the data processed in Step 2 to an A/D 
converter of the single-chip microcomputer to convert 
analog signals to digital signals, and constructing a 
three-dimensional Zone diagram in the single-chip 
microcomputer; 

wherein said three-dimensional Zone diagram means a 
three-dimensional Zone diagram comprising three coor 
dinate axes of three-phase Voltage U, reactive power 
factor COS (p and substation load S; 

said three-dimensional Zone diagram is named by the fol 
lowing rule: (a) number sequence in each layer is the 
same as that of traditional nine-Zone diagrams; (b) serial 
numbers of the S axis are sequenced in an ascending 
order along the forward of the Saxis according to critical 
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load power; when the Saxis is divided into N sections, 
the bottom serial number is 1, and the top serial number 
is N; said critical load means the load value when the 
operating mode of a transformer changes: 

In the three-dimensional Zone diagram, each Zone number 
includes double digits, wherein the first digit represents 
the layer of the Saxis, and the second digit represents the 
position of the Zone in the layer; therefore, 9 zones in the 
bottom layer are numbered from 11 to 19, 9 zones in the 
middle layer are numbered from 21 to 29, and 9 zones in 
the top layer are numbered from 31 to 39: 

said method for constructing a three-dimensional Zone dia 
gram comprises the following steps of: 
Step 3-1: constructing a three-dimensional coordinate 

system with the three-phase Voltage, the reactive 
power factor and the substation load; 

Step 3-2: determining critical load power limits in the 
method that critical load is determined according to 
parameters on the nameplate of a transformer, i.e. the 
critical load can be determined as long as the type of 
the transformer in a target substation is known; 

Step 3-3: determining three-phase voltage limits in the 
following two methods: 
(1) the upper voltage limit is set as the maximum 

acceptable positive offset or a value 2% less than 
the maximum offset, and the lower voltage limit is 
set as the maximum acceptable negative offset or a 
value 2% greater than the maximum negative off 
set; and 

(2) a time period is divided into several sub-periods, 
and voltage limits are set respectively based on the 
sub-periods; said time period can be 1 day, 1 week 
or 1 month; 

the three-phase voltage limits determined in method (1) 
and method (2) are corrected in a contrary Voltage 
control method; the contrary voltage control method 
is performed by increasing the centerpoint Voltage at 
the peak load and reducing the centerpoint Voltage at 
the trough load; compensation effects of contrary 
voltage control are optimized by making the Voltage 
operate towards the upper limit at peak load and 
increasing the lower voltage limit, or making the Volt 
age operate towards the lower limit at trough load and 
reducing the upper voltage limit; 

Step 3-4: determining reactive power factor limits in the 
following two methods: 
(1) reactive power factor limits are set as constant 

values in the following method: 
the reactive power factor limits are set based on 

requirements of the substation for the powerfac 
tor according to one of the following rules: 

Rule 1: The upper power limit is set as 1, and the 
lower power limit is set as 0.9; 

Rule 2: The lower limit of the reactive power is set 
as 0, and the upper limit of the reactive power is 
set as 1.3 times higher than reactive power of a 
single capacitor; 

(2) reactive power limits are set with curves by divid 
ing a time period into several sub-periods, and reac 
tive power factor limits are set respectively based 
on the sub-periods; the time period can be 1 day, 1 
week or 1 month; 
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Method (1) and method (2) above are corrected in the 
same contrary voltage control method as Step 3-3: 

Step 4: determining transformer operating conditions 
according to points of the voltage, the reactive power 
factor and the substation load in the three-dimensional 
Zone diagram, and adjusting the transformer in the three 
dimensional Zone diagram method and the three-dimen 
sional Zone diagram projection method, wherein the 
three-dimensional Zone diagram method comprises the 
following steps of setting S," as the low critical load, 
and setting S.' as the high critical load; 

if said points are in Zone 11, then the voltage is out of the 
lower voltage limit, the power factor is out of the upper 
limit, and the load power is lower than S, '': the trans 
formers should be adjusted by the method that trans 
former taps are raised first, the capacitors are switched 
off, and meanwhile, transformer A operates indepen 
dently; 

if said points are in Zone 12, then the Voltage is acceptable, 
the power factor is out of the upper limit, and the load 
power is lower than S.; the transformers should be 
adjusted by the method that the capacitors are switched 
off, and meanwhile, transformer A operates indepen 
dently; 

if said points are in Zone 13, then the voltage is out of the 
upper voltage limit, the power factor is out of the upper 
limit, and the load power is lower than S, '': the trans 
formers should be adjusted by the method that the 
capacitors are switched off, transformer taps are low 
ered, and meanwhile, transformer A operates indepen 
dently; 

if said points are in Zone 14, then the voltage is out of the 
upper voltage limit, the power factor is acceptable, and 
the load power is lower than S,'': the transformers 
should be adjusted by the method that transformer taps 
are lowered, and meanwhile, transformer A operates 
independently: 

if said points are in Zone 15, then the voltage is out of the 
upper voltage limit, the power factor is out of the lower 
limit, and the load power is lower than S, '': the trans 
formers should be adjusted by the method that trans 
former taps are lowered, the capacitors are switched on, 
and meanwhile, transformer A operates independently: 

if said points are in Zone 16, then the Voltage is acceptable, 
the power factor is out of the lower limit, and the load 
power is lower than S,"; the transformers should be 
adjusted by the method that the capacitors are switched 
on, and meanwhile, transformer A operates indepen 
dently; 

if said points are in Zone 17, then the voltage is out of the 
lower voltage limit, the power factor is out of the lower 
limit, and the load power is lower than S, '': the trans 
formers should be adjusted by the method that capaci 
tors are switched on, transformer taps are raised, and 
meanwhile, transformer A operates independently: 

if said points are in Zone 18, then the voltage is out of the 
lower voltage limit, the power factor is acceptable, and 
the load power is lower than S,'': the transformers 
should be adjusted by the method that transformer taps 
are raised, and meanwhile, transformer A operates inde 
pendently; 

if said points are in Zone 19, then the voltage is acceptable, 
the power factor is acceptable, and the load power is 
lower than S, ''; the transformers should be adjusted 
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by the method that transformer taps are kept in the origi 
nal position, the capacitors remain in the same condi 
tion, and meanwhile, transformer A operates indepen 
dently: 

if said points are in Zone 21, then the voltage is out of the 
lower voltage limit, the power factor is out of the upper 
limit, and the load power is between S, and S, '': 
the transformers should be adjusted by the method that 
transformer taps are raised first, the capacitors are dis 
connected, and meanwhile, transformer B operates inde 
pendently: 

if said points are in Zone 22, then the Voltage is acceptable, 
the power factor is out of the upper limit, and the load 
power is between S,' and S.'; the transformers 
should be adjusted by the method that the capacitors are 
switched off, and meanwhile, transformer B operates 
independently: 

if said points are in Zone 23, then the voltage is out of the 
upper Voltage limit, the power factor is out of the upper 
limit, and the load power is between S, and S, ': 
the transformers should be adjusted by the method that 
the capacitors are Switched off first, transformer taps are 
lowered, and meanwhile, transformer B operates inde 
pendently: 

if said points are in Zone 24, then the voltage is out of the 
upper Voltage limit, the power factor is acceptable, and 
the load power is between S,'” and S.'; the trans 
formers should be adjusted by the method that trans 
former taps are lowered, and meanwhile, transformer B 
operates independently: 

if said points are in Zone 25, then the voltage is out of the 
upper voltage limit, the power factor is out of the lower 
limit, and the load power is between S,' and S, '': 
the transformers should be adjusted by the method that 
transformer taps are lowered first, the capacitors are 
Switched on, and meanwhile, transformer B operates 
independently: 

if said points are in Zone 26, then the Voltage is acceptable, 
the power factor is out of the lower limit, and the load 
power is between S,' and S.'; the transformers 
should be adjusted by the method that the capacitors are 
Switched on, and meanwhile, transformer B operates 
independently: 

if said points are in Zone 27, then the voltage is out of the 
lower voltage limit, the power factor is out of the lower 
limit, and the load power is between S, and S, ': 
the transformers should be adjusted by the method that 
capacitors are Switched on, transformer taps are raised, 
and meanwhile, transformer B operates independently; 

if said points are in Zone 28, then the voltage is out of the 
lower Voltage limit, the power factor is acceptable, and 
the load power is between S,'” and S.'; the trans 
formers should be adjusted by the method that trans 
former taps are raised, and meanwhile, transformer B 
operates independently: 

if said points are in Zone 29, then the voltage is acceptable, 
the power factor is acceptable, and the load power is 
between S.' and S.'; the transformers should be 
adjusted by the method that transformer taps are kept in 
the original position, the capacitors remain in the same 
condition, and meanwhile, transformer B operates inde 
pendently: 

if said points are in Zone31, then the voltage is out of the 
lower voltage limit, the power factor is out of the upper 
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limit, and the load power is higher than S,'; the 
transformers should be adjusted by the method that 
transformer taps are raised first, the capacitors are 
Switched off, and meanwhile, transformers A and B 
operate in parallel: 

if said points are in Zone32, then the Voltage is acceptable, 
the power factor is out of the upper limit, and the load 
power is higher than S,'; the transformers should be 
adjusted by the method that the capacitors are switched 
off, and meanwhile, transformers A and B operate in 
parallel; 

if said points are in Zone33, then the voltage is out of the 
upper Voltage limit, the power factor is out of the upper 
limit, and the load power is higher than S,'; the 
transformers should be adjusted by the method that the 
capacitors are Switched off, transformer taps are low 
ered, and meanwhile, transformers A and B operate in 
parallel; 

if said points are in Zone34, then the voltage is out of the 
upper Voltage limit, the power factor is acceptable, and 
the load power is higher than S,'; the transformers 
should be adjusted by the method that transformer taps 
are lowered, and meanwhile, transformers A and B oper 
ate in parallel; 

if said points are in Zone35, then the voltage is out of the 
upper voltage limit, the power factor is out of the lower 
limit, and the load power is higher than S, '; the 
transformers should be adjusted by the method that 
transformer taps are lowered first, the capacitors are 
Switched on, and meanwhile, transformers A and B 
operate in parallel: 

if said points are in Zone36, then the Voltage is acceptable, 
the power factor is out of the lower limit, and the load 
power is higher than S,'; the transformers should be 
adjusted by the method that the capacitors are switched 
on, and meanwhile, transformers A and B operate in 
parallel; 

if said points are in Zone37, then the voltage is out of the 
lower voltage limit, the power factor is out of the lower 
limit, and the load power is higher than S, '; the 
transformers should be adjusted by the method that 
capacitors are Switched on, transformer taps are raised, 
and meanwhile, transformers A and B operate in paral 
lel: 

if said points are in Zone 38, then the voltage is out of the 
lower Voltage limit, the power factor is acceptable, and 
the load power is higher than S,'; the transformers 
should be adjusted by the method that transformer taps 
are raised, and meanwhile, transformers A and B operate 
in parallel; 

if said points are in Zone38, then the voltage is acceptable, 
the power factor is acceptable, and the load power is 
higher than S, '; the transformers should be adjusted 
by the method that transformer taps are kept in the origi 
nal position, the capacitors remain in the same condi 
tion, and meanwhile, transformers A and B operate in 
parallel; 

wherein said three-dimensional Zone diagram projection 
method is as follows: 

after one parameter of the Voltage, the reactive powerfactor 
and the substation load is omitted in the three-dimen 
sional Zone diagram constructed in Step 3, plane projec 
tions of the other two parameters can be obtained: 
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when the S-cos (p plane is projected, U represents low 
critical Voltage, and U represents high critical Voltage; 
when the Voltage is between U and U downward 
Vertical projection is performed at 90 degrees, and a 
projection in the shape of a two-dimension nine-Zone 
diagram is obtained; when the Voltage U is not between 
U, and U the projection angle C. changes with U, and 
projection is performed at C., said projection angle C. is 
calculated with the following formula: 

the two-dimensional Zone diagram formed by projection is 
named by the following rule: Projection zones formed 
by downward vertical projection are represented by 
three digits separated by slashes, and the three digits are 
respectively code names of 3 Sub-spaces along the ordi 
nate of the three-dimensional Zone diagram; 

operating conditions of the transformers are determined 
according to the positions of points formed by the Volt 
age and the reactive power factor in the two-dimensional 
Zone diagram, and the transformers are adjusted by the 
following method: 

if said points are in Zone 15/16/17, then the power factor is 
out of the lower limit, and the load power is lower than 
S,"; the transformers should be adjusted by the 
method that the capacitors are switched on, and trans 
former A operates independently, 

if said points are in Zone 14/18/19, then the power factor is 
acceptable, and the load power is lower than S, '': the 
transformers should be adjusted by the method that the 
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existing capacitors remain in the same condition, and 
transformer A operates independently: 

if said points are in Zone 11/12/13, then the power factor is 
out of the upper limit, and the load power is lower than 
S,"; the transformers should be adjusted by the 
method that the capacitors are Switched off, and trans 
former A operates independently, 

if said points are in Zone 25/26/27, then the power factor is 
out of the lower limit, and the load power is between 
S,'? and S, '; the transformers should be adjusted 
by the method that the capacitors are Switched on, and 
transformer B operates independently: 

if said points are in Zone 24/28/29, then the power factor is 
acceptable, and the load power is between S," and 
S'': the transformers should be adjusted by the 
method that the existing capacitors remain in the same 
condition, and transformer B operates independently; 

if said points are in Zone35/36/37, then the power factor is 
out of the lower limit, and the load power is higher than 
S'': the transformers should be adjusted by the 
method that the capacitors are Switched on, and trans 
formers A and B operate independently: 

if said points are in Zone34/38/39, then the power factor is 
acceptable, and the loadpower is higher than S,'; the 
transformers should be adjusted by the method that the 
existing capacitors remain in the same condition, and 
transformers A and B operate independently; and 

if said points are in Zone31/32/33, then the power factor is 
out of the upper limit, and the load power is higher than 
S.'; the transformers should be adjusted by the 
method that the capacitors are Switched off, and trans 
formers A and B operate independently. 
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