CALCULATING PRECISION VOLTAGE DIVIDERS

£. Z. Rozenson UDC 621.317.727,1,001.24

In recent years precision dc voltage dividers (R313—accuracy class 0,001; R35 and R356—accuracy class 0,005)
have been developed and manufactured commercially, These voltage dividers are equipped with switching and ad-
justment systems which provide fast checking and adjustments without the use of measurement resistance coils, and
with reduction of the division-factor errors to a2 minimum regardless of whether the errors are caused by time insta-
bility of the resistances, the effect of the external temperature, or by other factors,

The basis of the design of the voltage-divider circuits is the idea developed in [1] whose essence reduces to
the fact that in the presence of a group of n resistors R;, Ry, ..., Ry which have identical nominal values R, and are
close in absolute magnitude, the ratio between the equivalent values for series (Rg) and parallel (Rp) connections is
equal to
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with a high degree of accuracy, where 6= (7 2 v l-) T 4 v; . is the relative error of the ratio Rs/ Rp; b

=l =1
is the relative deviation of the real value R; of the resistance of the i-th resistor from Rp.
From the expression for S it follows that both terms of the formula are positive; if y, = y, = ... = yp, then

i=n
8 = 0, for fairly large n the appearance of y; > 0 and y; < 0 is equiprobable, as a result of which 2 y; = 0 and
i=1 :

then the maximum value of the conversion error is equal to

For example, if y, =y, =... = y, = 5+ 107%(0,05%), then &pay = —25-107° (=25-10"° ).

Consequently, Ry, R,, ..., R, can be adjusted in such a way that &,y is a negligibly small quantity. In this
case

Rs/Rp = n*. (2
The transformation of the circuits from a row of resistors connected in series to a row of resistors connected in
parallel is carried out by means of switches S,, S,, ..., Sp, which form jumpers between resistors.

Equation (1) was obtained on the assumption that with the switches Sy, S,,..., Sy closed,the resistance I of
the jumpers is equal to zero, while with the switches open the insulation resistance rjp between the contacts ofeach
switch is equal to infinity. Under practical conditions rj and rips have finite values which distort the value of Rg/
Rp and lead to the appearance of additional errors §; and &;,¢ of the division factors of the voltage divider,

This paper represents an attempt to find the expressions for determining the allowable values of I and rjpc as
a function of stipulated values r of the section resistances of the transformed part of the voltage divider, and the al-
lowable error &y, of the division factor.
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The effect of the resistance of the jumpers shall be considered using a voltage divider circuit having a nominal
division factor K, = 10:1; the circuit is illustrated in Fig. 1, where 8r; =r, = 13 = 14 = 1; Vip is the input voltage;
Vout I8 the output voltage; S, and S, are switches.

In checking the voltage divider the switches S, and S, are closed, and the equivalent resistance rp of the sec-
tor be is compared with the resistance r, taken as the reference, We assume that the resistance of the jumpers are
equal to r; with the switches closed. Under these conditions the circuit of the voltage divider takes the form shown
in Fig, 2.

The resistance p of the sector bc (see Fig. 2) is equal to

o rry (3r 4+ ri) - 2r (r4-rj)? 3)
N e

A comparison of the real value of Ip with its nominal value Ip,n= r/ 3 (for Iy = 0) shows that p > Ip,n by
the amount
5 8
r ro 4
14+3—
rj
If the voltage divider is adjustable [3] and just one of the resistances of the resistors ry, rz or r, (see Fig, 1) is
variable, then by means of the adjustment one can achieve a situation in which Ip=1;. Under these conditions it
is necessary to reduce the adjustable resistor by 3 &, in order to reduce I, by 6P. As a result we have the following
expression after S, and S, have opened: '
r's=9r1 (1—38p. (5)
With allowance for (5) the real value of the division factor of the voltage divider, as determined from K = 1 +
rg/ 1y, will be
K =101 —0.98,).
From this we find that, making allowance for (4), the error 6; of the division factor caused by the resistance r; of the
jumpers is equal to
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Forr > 1 we have

§:—2.43 (6)
r

From (6) it follows that for r; = const the value of 6; increases with decreasing r.

Assuming &; = d¢/m where m > 1, we use (6) to find the largest allowable value of the jumper resistance
I'jmax:
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Example. In a voltage divider of the R35 type (accuracy class 0.005) with an error (8¢ = 5° 107%) the smallest
resistance of a section is ryjp = 3+ 10*Q. Having assumed n = 10, we find I max = 0.06 Q from (7).

The effect of the insulation resistance between the contacts of the switches S, and S, when they are open is
considered using the circuit shown in Fig. 2, where the resistors rjpg are connected in place of the resistors r;.

In this case the resistance rg of the sector bc can be determined from (2), where rj has been replaced by rjpg.

From the difference between rg and its nominal value rg, n = 3r (for rjpg = =) we find

8r

_— 8)
3r +ring (

"
re=3r—

With allowance for (8) the real value of the division factor will be

K" =10(1—8 ;)

where &ipg = 2.41/(3r + 1ypg) is the 1elative error of the division factor caused by the resistances ripg. For rjps >,
we have

’
Sips= 2.4 ——. 9
Tins
From (9) it follows that for ;¢ = const the value jps increases with increasing r, Assuming Sips = 8¢/, where
I>1, we find the least allowable value rjncmin of the insulation resistance between switch contacts from (9):

M (10)

r. _—
ins, min Sf

Example. In the R35 voltage divider the largest section resistance is rp,, = 3+ 10° Q. Having assumed I = 10,
we find g mip = 144+ 10% Q from (10).

CONCLUSIONS

In adjustable voltage dividers the resistance of the jumpers and the insulation resistance between the contacts
of the switches in the jumper circuits cause a positive systematic error of the division factor.

The effect of the resistance of the jumpers increases as the resistance of the sections of the transformed portion
of the voltage divider decreases, which is one of the causes which limit the reduction of the voltage~divider resis-
tance, The effect of the insulation resistance between switch contacts in the jumper circuits increases as the resis-
tance of the sections of the transformed part of the voltage divider increases, This latter factor is one of the causes
limiting the increase in the resistance of the voltage divider,

These conclusions apply equally to measurement of a ratio of resistances under conditions in which the meth-
od of series-parallel wansformation is used.
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