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SUMMARY 

Expressions for the open-circuit admittance and short-circuit impe- 
dance of a n-unit cascade transformer have been derived. These enable 
the estimation of the above constants from a knowledge of the constants 
of any one transformer and the arrangement of the transformers. 

1. INTRODUCTION 

It is the standard practice in High Voltage Laboratories' to produce high 
voltage a.c. at power frequencies, above 500 kV, by Cascade Transformers." 
Cascading of transformers provides a connection whereby the h.t. windings of 
several similar transformers are virtually placed in series whilst only the primary 'est: 
of the first (ground end) transformer is connected to the supply, the power for the 
higher members of the group being provided by the first and intermediate trans- 
formers through a third winding known as the exciting winding. This winding 
has q1:1  ratio with the primary, i.e., low voltage winding, but is insulated from the 
tank upto the full voltage of the secondary, i.e., high voltage winding. The con- 
nection diagram of a 3-unit cascade transformer to provide 1050 kV, which has 
been installed at the High Voltage Laboratory,' Indian Institute of Science, Banga- 
lore, is shown in Fig. I. 

Since each unit of a cascade transformer is a three-winding transformer, for 
purposes of calculation of regulation, etc., it can be represented by an equivalent 
circuit'' ,  5  shown in Fig. 2, in which the three impedances ZVI, ZE and ZH represent 
the leakage impedances associated with the three windings, low voltage (00, 
exciting (E) and high voltage (11). Yx represents the excitation admittance of 
each transformer. Recently mention has been made by Hagenguth and others' 
that the ratio of transformers connected in cascade is calculable on the basis of 
a series connection of three-winding transformer equivalent circuits. In the 
present paper, with the idea of generalisation, the theory has been extended to a 
n-unit cascade transformer, in which 'ft' identical transformers are connected 
in the Dessauer cascade connectionst 3  Expressions fot the open-circuit admittance 
and short-circuit impedance have been derived. The results of testi conducted 
on the cascade transformers at the Indian Institute of Science will be published 
later. 	 _ 	 Ny. 	:t. 	• 1/4  
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2. THE it-UNIT CASCADE TRANSFORMER 

In a ti-unit cascade transformer, n identical transformers are connected in 
cascade as shown in Fig. 3. The first unit is the ground unit, its tank and one 
end of h.v. winding being solidly grounded. The tanks of the intermediate and 
the last units are suitably insulated from ground for the proper voltages. Fi g. 4 
shows the equivalent circuit diagram of a n-unit cascade transformer, in which 
each unit is represented by a three-winding transformer equivalent circuit' ,  and 
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is coupled to the next by an ideal 1: 1 transformer to preserve the voltage and 
current relations. The nth unit is represented by a two-winding transformer 
equivalent circuit. 

The values of impedances (and admittances), currents and voltages are all 
those referred to thr: low voltage winding. 

3. LIST OF SYMBOLS 

1. V r V .A.) 	L2 • • • • Vu . 4 . . 11 Lo t  _1 . VLn 	Low-side voltages of the units I to n. 

2. l a 	 = Current in the low voltage winding of 
the ground (No. 1) unit when the 
cascade set is open. 

3. In- • • • 1 0-m- • • Tin-2) (n-1)/ 1 (n-1)n = Currents in the low voltage wind- 
ings of the units 2 to n =-- currents 

in the exciting windings of the 
units 1 to (n 1) . 

4. lx,, =---- Exciting currents of the units 1 to 
1. 
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Vin, V02. . .V0 	VH(n—Th 

1 01% 1 H2. • • 	• 1 114. 	 1 1-1(n-1)• 

V101.  V20. • • VI(.0 	 V(n-1)01 

5. 

6. 

7. 

VH„ = Secondary 
voltages 
(referred). 

(high voltage winding) 
of. the units .  1 to n 

I M. = Currents in the high voltage windings 
of the units I to n (referred). 

V„„ =--- 1-1.V. terminal 
to ground 
(referred). 

voltages with respect 
of the units 1 to n 
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10. 

Yna = Tank-to-ground admittances of the 
units 2 to n (referred). 

1,4 	= Currents through the respective tank- 
to-ground admittances (referred). 

Ige The short-circuit current flowing from 
the h.v. terminal of the nth unit to 
ground when the cascade set is 
shorted to ground (referred). 

8. 	Y2G • • • YkG 	Y(n-1)G% 

9. 	1 2G • • • • I ke 	 1 (5-1)61 

4. OPEN-CIRCUIT ADMITTANCE OF A n-UNIT CASCADE TRANSFORMER 

While deriving the expression for the open-circuit admittance of a n-unit 
cascade transformer all series impedances are neglected and the modified equiva- 
lent circuit diagram is shown in Fig. 5. 

Referring to the equivalent network shown in Fig. 5, 

1 
Open-circuit admittance =-- .„--- 12- 

v Ll 

and by inspection, Ifin  = 0 

(4.01) 

(4.02) 

Considering the junction S. in the nth unit, 

1(18-1)11 	= 	 'Mn 	+ IXn 
Similarly at 

S(n-1)) 1(i.-2) (n-1) 1.-4"--  I(n—Ups + IH(n-1) 4- 

. 	 . 
	 (4.03) 

Sky 	1(k-1)k 
	

-= l k (kt-1) + 1 11k 	± 'Xi: 
. 	. 

= 1 •4 + 62 ± 1X2 

= 1 12 4 	1 H1 + 1X1 
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Adding all the equations in (4.03) 

(n-1) 
IO = Ek lick 	Ixk 	 (4. (4) 

Again considering the junction T„ in the nth unit, 

1 1101-1) 	IHn 	L NG 

similarly at T,"„ „_1  
. 	. 

•Tk  9 	 = 	 ItG 	 (4.05) 

• 

T2. 	 = 1112  i2G 

Adding all the equations in (4.05) 

1111 	= 120 ± I36 • • • n6 • • • +LC 	 (4.06) 

I3c• • • + IkG• • •  similarly 	1112  
+LIG 

• (4.07) IkG ••• 4-  InG 1H0-1) = 

• 

IH(n-1) 	 + LIG  

Adding (4.06) and (4.07), 

(s- 1) 	ft 

Ek 	= 	(lc — I) I kc 	 (4.08) 
1 	2 

Substituting in (4.04) 

= 	— 1 ) I ix ±k1Xk 	 (4.09) 

	

2 	 1 

Further, 

lJkck — 1 ) lekG 	Oc — 1)V0-1)0.YkG 	 (4.10) 
2 

where Vor..310  = V10  VH2 	+ VH(ft-1) 

but since V10  = V112 = 	= VH(k_i )  

	

V(k-1)0 = (k 	1 ) V10  

.• . Ek, (k 	1) IkG = VI0 	— 1) 2 . YkG 	
(4.11) 

2 	 2 
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And 

T  
k IXk =se  ill ); 	, Yx  

1 	 (4.12) 

but since VL1--= vL2=---" 	 VLA 	'V Ltt 

St !xi.= n VIA • YX 1 	 (4.13) 

Substituting (4.11) and (4.13) in (4.09) 

' 10 = V 10 5, (k 	1) 2 . YL-G 	Yid .(nYx) 	 (4.14) 

but since V 10 = VIA 

Jo vL, knY.) + k(k — 

1 )2 . Yla 	 (4.15) 

Substituting (4.15) in (4.01) 

Open-circuit admittance of a 
n-unit cascade transformer } = [(nYx) -1-14 (k — 1) 2  YkG 	 (4.16) - 

 2 

5. SHORT-CIRCUIT IMPEDANCE OF A n-UNIT CASCADE TRANSFORMER 

While deriving the expression for the short-circuit impedance of a n-unit 
cascade transformer all the shunt admittances are neglected and the modified 
equivalent circuit diagram is shown in Fig. 6. The high voltage terminal of the 
nth unit is shorted to ground and a current of j (referred) flows through the h.v. 
winding of the nth unit. The current distribution in the different windings of the 
other units is also shown in Fig. 6 and a current of n1, 4  flows through the low voltage 
winding of the ground unit. 

Referring to the equivalent network shown in Fig. 6, 

Short-circuit impedance =.. Vu nish  

Considering the loop L.S.H.T 0  in the nth unit, 

Vms  Vida  1911 (4v + Zia 

Again considering the loop H„_ 1 S„.. 1 E,i_1T„_1 in the (n 	1)th unit 

V idan =  VH04-1) 1 Ise • Zli 	isk • ZE 

Substituting (5.03) in (5.02) 

(5 .01) 

(5.02) 

(5.03) 

Vs„ 	VIr(s _i ) 	1.11  • Zit 	IA • ZS 	1.1. ZLV 	Isk Zg 
	• 

Ise (Zt.v 	4)
VH06-11 — 

	 (5. 04) 
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similarly 	VH0,....1, 	VH(4 -31) 	 2 la  (Ztv 	ZE) 

 

Vfik 	(n k)1„ (Z" ZE) VH04.1 , 

• 

(5.05) 

V112 	VH1 	— (n — 1)14  (Ztv  ZE) 

I. 	Adding (5.04) and (5.05) 

\Inn 	VH1 — [1 + 2... +(n  _ k). 	— 1)] 1„ (4v + ZE) 
	

(5.06) 

similarly 

Viu n  _10 =7= VH1 	[ 
	

2... + (n 	 (n 	10 (Ztv 	ZE) 

• 

VH(I+1) = VH1 — [ 
	

(n 	k) ...+ (n 	1)] J, (ZLV ZE) 
	

(5.07) 

• 

VH2  

VHI 	VH1 

(ti 	1)]I (ZLV 	ZE) 
• 

4 	Adding (5.06) and (5.07) 

ft 	 (us—i) 
EL  VHk nV Hi —Ek  ks (ZL, + 4) 
1 	 1 

But L.H.S. of (5.08) is zero since 

fik  Vak  = \co =a' 0 

( 5 .08) 

(5.09) 

(s-1.) 
Ek  k2  

I  • V 	 eb • • 1-11 	n 	
(Zis + Zs)  

(5.10) 

Again considering the loop L I S I II 1T1  in the first unit 

Vie t = VH1 + la . Zit -4-  tusk . Zjay 

Dividing throughout (5.11) by n1, 6  and rearranging, 

V 	 ZH 	Viii 
 ni,, 	ZIA/ + n •  171—  .. a 

.... •• 	-- . _ 
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VL , 
Substituting for rT;  and Vffi  in (5.12) from (5.01) and (5.10) 

(n-1) 

Li t  k 2  
Short-circuit impedance of a) 	ZIT  

=-- ZIAT 	n  + 1-n2—  (Z LI, n-unit cascade transformer 	 ZE) 	(5.13) 

6. CONCLUSIONS 

The constants of a ti-unit cascade transformer can be derived from a knowledge 
of the constants of any one transformer and the arrangement of the transformers. 
It is expected that these derived constants could be used with advantage in a two- 
winding transformer equivalent circuit for rapid and approximate calculation of 
the ratio of output voltage to input voltage of transformers connected in cascade 
with different load capacitances. 
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