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ABSTRACT

This study represents an analysis and comparison of the
practical framework of several factors such as-design, weight
and losses formed in the conventional transformer of same
KVA rating. This paper not only signifies the designing frame
out factor (i.e. core diameter) but also the calculation of
copper weight with loss effects. Magnetic flux density (&)
and Stacking factor( 5¢ 7 is considered as the most significant
part of this factor which reduces the loss and cost for same
rating transformer (i.e. 200KVA). The Cost of optimized
transformer designs varies even though it’s in the same
conventional transformer rating where as the efficiency is
nearby identical.

Keywords: Stacking Factor (5} Magnetic Flux Density
(B ), Total Core loss ( Ly ), Total Copper 10ss (Lyzz )

1. INTRODUCTION

In Bangladesh most of the cases, the 11/.415 KV transmission
line is used by the consumers and in such cases the rated
transformer is chosen as 200KVA rather than others. The
modern transformer design involves modification of its size,
loss, efficiency and cost respectively. Transmitted, distributed
and utilized electric powers of electric and electronic circuit
devices are varied by the wide ranging of designed
transformer [1]. In this paper we have examined two dry
types’ transformers having a same rating of 200 KVVA. Based
on this we have set two models named by Model 1 (#4,} and
Model 2(#;}. M; and M, is notified by the core diameter of
winding as 15.2 cm and 15.6 cm correspondingly whereas the
rating of transformer and transmission line is same.

While maintaining BPDB’s (Bangladesh Power Development
Board) guaranteed frequency, we initiate the manufacturing
design of the transformer is exaggerated by the two factors:
Magnetic Flux Density ( Ey;) and Stacking Factor ( 5;).
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1.1 Evolve of Magnetic Flux Density ( By, )

Magnetic flux density concept of transformer is espoused from
the principal of transformer which reveals the electric current
can produce a magnetic field whereas the other states that a
changing magnetic field within a coil of wire induces a
voltage across the coil end. Magnetic flux is developed by the
change of the current in the primary coil [2],[3],[4]. This
magnetic flux is the product of E,, and the area through
which it cuts. At this juncture, Flux and By, are related by
area [4]. Whereas the cross sectional area is equal to the
transformer core, the magnetic field varies with time
according to the excitation of the primary coil. So, Balso
varies due to a slight variation in the magnetic field [4]. In
practical cases, it’s been observed that this slight change in
B, can make a huge impact on core area of the transformer as
well as in the loss and cost.

1.2 Perception of Stacking Factor (5;)

Generally, Stacking factor has an impact on core area of
winding. In manufacturing, S varies for some individual
specifications (i.e. the thickness and type of steel) of each size
lamination [5]. Usually the manufacturers try to keep the 5
below 1 hence, there is no lamination. On the basis of each
coating lamination eddy current loss of core gets reduced
although it’s has a high flux carrying capacity [6],[7]. And
these variations in laminated coat can have an effect on
manufacturing.

2. SCRUTINY OF SAME RATED TRANSFORMER

The loss, efficiency and cost of a transformer vary due to its
designing factors of manufacture even though it’s being in a
same transmission line and of same rating. Assumption of cost
simply depends on the designing factor, according to our
notion we have elected two models which we have disclosed
earlier.
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Figure 1: Designing factors of manufacturing

Figure 1 shows that these models are processed inherit on
three factors (i.e. designing frame out, Loss and Weight of
Copper). From this we can conclude to our result which
divulges whether it is cost effective or not. Those factors are
briefly discussed furthermore.

2.1 Feature of Designing Frame out
The different manufacturing features opt for customers’

requirement. Figure 2 shows the operation of designing frame
out factor.
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J
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_;I Core Area of HT Windings

I Core Area of Windings I—

|_,| Core Areaof LTWindings
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Stacking Factor

I Gross Core Area of Windings }_

_.l Magnetic Flux Density
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Voltage Per Turn
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Figure 2: Designing Frame out Factor of a transformer

Due to the requirement of customer we get to know about the
rating of transformer and transmission line. According to
those values, voltage per turn is being set. From this we can
find the gross core area. While calculating the gross core area,
it’s been seen that gross core area depends on B, and 5.

Afterwards the net core area is linked by the gross core area
and 5¢. Therefore, we find the diameter (i.e inner and outer)
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of core winding. The core diameter increases when there is a
gradual increase in the area. As well as the Loss, Efficiency
and cost also increases [8].

From this analysis we observe that the core area is inversely
proportional with 5¢ and E,,..

1 1

Aoco—— and Ao —

Bm Sf
That means when E,. decreases the core area increases
gradually which makes an impact on loss, efficiency and cost.
Same goes for 5;.

From our specified models we found that the core area of
M, =181.12 cm? and M, = 193.01cm® whereas in both
casesE,,=1.7, 5 =0.96 and 5y =0.93 correspondingly.

2.2 Impact of copper weight of transformer

The Copper weight increases when the core area of winding
gets expand. This copper weight makes an impact on loss,
efficiency and cost including payback of transformer. In this
section, the cost of copper winding is expressed as a function
of copper weight which is directly related with the
transformer windings (i.e. LT and HT windings). In M, and
M., we found that the total weight of copper is 130.79 kgs and
133.37 kgs respectively.

2.3 Behavior of Losses (Copper and Core)

We originate that, the Copper Losses are summarized by the
windings due to getting different values of copper weight for
our models in previous section. We sum up the copper losses
from measuring winding (i.e. LT and HT) losses separately.
These losses were cross product by the temperature factor
through which we ascertained L ... that are 2687.32 and 2709
watts (respectively) for our mentioned models.

N.B: BPDB’s guaranteed copper loss is 2820 watts at 75°
Celsius and the manufactures try to maintain their ratings
close to it.

In the case of Core Losses, by the cross product of total core
weight, loss and workman ship per kg. The total weight of
core is the summarization of weight of yoke and limb. These
weights of yoke and limb depend on basically window height,
maximum yoke length and core area. Here, core losses for
M; = 379.50 watts and M5 =399 watts.

N.B: BPDB’s guaranteed copper loss is 2820 watts at 75°
Celsius and the manufactures try to maintain their ratings
close to it.

At last, through adding up the copper and core losses the total
loss of transformer is found. In this case, 10% tolerance is
taken as granted.
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3. ESTIMATION OF DESIGN CONCERN

In the basis of our two models according to the methodology
we compute the following factors:

A. Designing frame out factor

Here,
K = Constant (0.4 to 0.45)

Voltage per turns,
E, = K+EVA (volts)

Gross Core Area,
_ Ep 10000 (r:m:)

T 7 4adxfuBm xSy

KVA = Rating of
Transformer

E. = Voltage per turns
Net Core Area,

_ g 2
A=)

f = Frequency

Core Diameter, By, = Flux density

|4:><A

D=
W

(cm) 5= Stacking factor

Now,
LT coil inside diameter,
D.r; =D + Clearance between core to LT coil (cm)

LT coil outside diameter,
Dirp = Dy + (Thickness of LT strip x 8) +

(Insulation of strip = 8)+
Cap between two layer of LT coil (cm)

HT Coil inside Diameter,
Dyr; = Dypp + Gap between LT to HT coil (cm)

HT Coil outside diameter,
Dyrp = Dypy + Thickness of HT coil (cm)

Mean diameter of (LT+HT) Winding,
_ Imside digmeter of core+0utside digmeter of core
Dy = p (cm)

Window height,
H,, = Actual copper height + Border of coil +
Gap between coil and core youke (cm)

Maximum yoke length, L, = (2= Limb center + maximum
width of core) (cm)

B. Copper Weight extent

Length of mean turns, Ly = Dy % @
Weight of Winding per Phase, W, = L. x a x T x I,
Total weight of winding, W, = W}, x 3
Total weight of Copper = Total weight of (HT +LT) windings
per kg
Here, @ = Area of copper
T = No. of turns
D =Density of copper
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N.B: This calculation is applicable for both LT and HT
windings.

C. Loss

Total loss is computed here through summarizing the copper
and core losses together.

Copper Loss

Resistance/ Phase R = £& = ZXE<Buw®T - (5)
A A

Loss/Phase =I*R (Q)

Total loss in 3 @ = Loss /Phase % 3 (watt)

Total Copper loss= Copper loss in (HT+LT) windings (watts)
Total Copper loss at 75°C, Ly = Total copper loss x K

Here, r=0.019 (resistance/m?)
Key factor, i = 1.161

Core Loss
Weight of Yoke, W,y = Ly, x Ax 2x5;x7.16 x 107°
(kgs)
Weight of limb, Wy, = Hy, x A %3 x §¢ x 7.16 x 1072
(kgs)

Total weight of core, W, = W, + W, (kgs)
Total Core loss, Ly = Wi, 0.9 x 1.45 (watts)

Here, Core loss per kg = 0.9 watt
Workman ship per kg =1.45 watt.

Total loss = Lyqz + Lp,

4. NOTEWORTHY IMPACT

In this paper, we appraise the impact of 5, and B, by fixing
the core diameter (in case of M; and M;). From the following
Tablel, we can distinguish the variation of B, from 1.7-1.5
along with the range of 5; from 0.99-0.93 for fixed core

diameter.
Table 1: Attributes of fixed diameter

SI | Magnetic | Stacking Core

No flux factor Diameter
(Bw) (5) (D)

1 1.7 0.96 15.2

0.93 15.6

2 1.65 0.97 15.25

0.95 15.6

3 1.6 0.99 15.2

0.96 15.6

4 1.55 0.98 15.6

5 15 0.99 15.6
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Figure 3 describes the characteristics of 5¢ and By, . To keep

the diameter fixed, at 10% (almost) change of B, ,
5;changes in arate of 3%.

25 8

Figure 3: Characteristics of Sgand B,

Core diameter, D will be decreased at that point when 5 gets
increased. We observe this phenomenon from the following
Figure 4. When 5 is nearest to 1, D must be decreased that
means the lamination of core is contaminated.
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Figure 4: Emphasis of S¢upon D

In earlier section we have observed the effects of 5;and By,
on particular diameters. Also from this we analyze that the net
core area and gross core area changes due to Syand By

consequently core diameter is calculated from the net and
gross core area. The following Table 2 shows the fact.

Table 2: Impactof A, and Aon D
Sl | Magnetic | Stacking Gross Net Core
No flux factor Core area | Core area | Diameter
Gx) | (5p | (4 | A (D)
1 1.7 0.99 168.61 169.86 14.7
0.98 170.33 173.81 14.8
0.97 172.09 177.41 15
0.96 173.88 181.12 15.2
0.95 175.71 184.95 15.3
0.94 177.58 188.91 155
0.93 179.496 193.01 15.6
2 1.65 0.99 173.73 175.48 14.95
0.98 1755 179.08 15.1
0.97 177.31 182.79 15.25
0.96 179.16 186.63 15.42
0.95 181.04 190.57 15.6
0.94 182.97 194.65 15.74
0.93 184.94 198.86 15.91
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3 1.6 0.99 179.156 180.96 15.2
0.98 180.98 184.67 15.3
0.97 182.85 188.5 15.4
0.96 184.75 192.45 15.6
0.95 186.69 196.51 15.8
0.94 188.68 200.72 15.9
0.93 190.71 205.06 16.1
4 1.55 0.99 184.94 186.81 15.4
0.98 186.82 190.63 15.6
0.97 188.75 194.59 15.74
0.96 190.71 198.66 15.9
0.95 192.72 202.86 16.1
0.94 194.77 207.2 16.24
0.93 196.87 211.69 16.42
5 15 0.99 191.1 193.03 15.6
0.98 193.05 196.99 15.8
0.97 195.04 201.07 15.9
0.96 197.07 205.28 16.1
0.95 199.15 209.63 16.3
0.94 201.26 214.11 16.5
0.93 203.43 218.74 16.6
6 1.45 0.99 197.69 199.69 15.9
0.98 199.71 203.79 16.1
0.97 201.77 208.01 16.3
0.96 203.87 212.36 16.4
0.95 206.01 216.85 16.62
0.94 208.21 2215 16.8
0.93 210.44 226.78 16.99-17
7 1.4 0.99 204.75 206.82 16.2
0.98 206.83 211.1 16.3
0.97 208.97 215.43 16.5
0.96 211.14 219.93 16.7
0.95 213.17 222.38 16.8
0.94 215.64 229.4 17
0.93 217.96 234.36 17.2

5. CONCLUSION

Figure 5 pretends the block diagram of variable dependency
on loss upon cost. From this diagram we can understand that
the characteristic of loss, payback & efficiency and cost which
are merely dependent on 5; and By for our precise models.

Whereas we saw 5z, loss and cost will be decreased

hence B, , payback & efficiency is saturated or vice versa.

Dec.

Ine.
Payback
yoac M, Here,

& Cost

Loss Inc.=Increment
Effic &
it / e "\ . | Dec=Decrement

Inc. Dec. Inc.

Figure 5: Emphasis of 57upon D

From Table 3, we summarize that, for M1 due to a change in
B, and 5¢ the core loss as well as the total loss varies. In the
followed equation we sum up the core losses with the copper
losses of the value 2867.32 (watts). On this basis, we found
the variation of total loss.
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Table 3: Impact of Core Loss for My

Core Magnetic Stacking Core Loss

Diameter (D) | flux (B,,) | factor (5;) (Lrcp)
My 1.6 0.96 391(watt)
15.2cm 1.65 0.97 386(watt)
1.7 0.96 379(watt)

Total Loss. L, = 2867.32 + 3=3078.32(watts)
Total Loss, L, = 2867.32 + 3=3073.32(watts)
Total Loss,Ly, = 2867.32+ 379.=3066.82(watts)

For M2 due to a change in By, and 5 the core loss as well
as the total loss varies which has disclosed in Table 4. In the
followed equation we encapsulate the core losses with the
copper losses of the value 2709 (watt). We found the variation
of total loss based on this.

Table 4: Impact of Core Loss for My

Core Magnetic Stacking Core Loss
Diameter(D) | flux (B, ) | factor (5) (Lreo )
M, 1.6 0.96 410.67(watt)
15.6 cm 1.65 0.95 402.42(watt)
1.7 0.93 399(watt)

Total Loss, Ly, = 2709 + 410.=3119.67(watt)
Total Loss, Ly, = 2709 + 402.=3111.42(watt)
Total Loss, Ly, = 2709 + 3=3108(watt)

According to our calculation we found the variation of total
losses. Here, we concoct that if we set 5¢as 0.96 whereas
B, in the range of (1.6-1.7), loss will remain same. Hence,
we can get an average quality of efficiency with minimum
cost including minimum losses.

Ly, — Ly, 3119.67-3078.32=41.35(watt)
Ly, — Ly, 3111.42-3073.32=38.1(watt)
Ly, — Ly,. 3108-3066.82 =41.18(watt)
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