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Introduction 

Within the cladding, the connecting lines of contactors exit from the 
pipe which protects them, at a distance I from the terminals; there they divide 
and they are coupled to the corresponding phase terminals (Fig. 1). The point 
of bifurcation, in other terms the "crossing point" is critical from the aspect 
of safety against shorts [3, 4 J. Its temperature tl must not exceed the value 
permissible for the insulation [2, 5]. The current path away from the phase 
terminals leads, in several contactor types, across bimetallic thermal cut-outs 
operating at high temperatures. Part of the source heat <Po arising in the bi
metallic cutout will reach the terminal, depending on the temperature differ
ence between tb and t,c The heat flux reaching the connecting line is designated 
by <Pk • Characteristics, <P,,(tk ) of the thermic system of the connecting line and 
the transfer can be obtained bv measurement or analytically. The steadv 
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"thermic system of the connecting line" and the "thermic system of the trans
fer", and assumes a yalue ·which satisfies both characteristic curves and which, 
accordingly, can be produced even graphically, as the "Point of intersection" 
of the characteristic curves for the two systems (Fig. 2). The tl value can be 
intentionally influenced by altering the characteristic curves [1]. 

t" (cf;,,) characteristic curve of 
the conneciing fine 

Fig. 2 

The ~vlodel of the Interconnected 
Thermic Systems 

To simulate the complicated heat source distribution of the thermic 
systems of transfer and connecting lines, and the environment determining 
the thermal boundary conditions, the following simplifying assumptions 
have been made: 

1. The heat flux ifJo of the transfer is concentrated to the point where a 
temperature to prevails. 

2. ifJs is the concentrated heat flux dissipated by the transfer surface . 
. 3. The heat flux arising on the contact resistance of the hold-down 

terminals is ifJI. 

4. The internal source flux ifJ i of the connecting line and its heat loss 
ifJ3 are distributed along the line. 

5. The reference te mperature tw of the space outside the cladding is 
constant. 

6. The reference tcmperaturc of the environment of the connecting line 
within the cladding vanes along the line [two: = twAx)]. 
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7. The radial temperature yariations of the connecting line are omitted. 
The modelling and calculating assumptions ·will be dealt with in the 

course of the detailed discussion. 

The scheme of the distribution of the source and absorher currents in 
the model is shown in Fig. 3. 

The equations of the characteristic curves 

Dissect the system in Figure 3 at K and examine the characteristics 
first of the connecting line and then of the transfer. 

a) The characteristics of the connecting line 

Let the halance of the heat fluxes for the section dx of line l, cut out 
at point x he written as: 

where 

lA dtx r 

dx ·x 

(1) 

(la) 

(Ib) 

(Ic) 

and where fizb [,V,m3] is the Joule source intensity in the connecting line at 
the ·working current intensity; and 

(Id) 

the heat flux dissipated to the environment across the surface of a wire of 
circumference S, under the conditions of compound heat transfer coefficient 
:Xx [Wjm2 deg]. Heat transfer coefficient Cl: x and ambient temperature t~vx vary 
along the line. To obtain a simple solution of the differential equation involved 
by the thermal balance, the effect of the yariations in Cl: x is considered with 
a correction t?vx for the actual ambient temperature (Cl:x t~vx = ex twx), yiz. 
for ex = constant the "apparent" amhient temperature twAx) will be used in 
the calculations. The function twAx) ·was assumed on the basis of experiments: 

(2) 

This function helps to ohtain a continuous yalue for the enyironment 
of the line leaying the cladding and passing along the armoured duct, tending, 
for x -+ =, towards tWoe • 
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At the point x = I the "apparent" reference temperature twx = tIVl can 
be assumed to be equal to the wall temperature of the cladding. At point 
x -r 00, twx -r t IV "" t lV ", denoting the "apparent" inside wall temperature 
of the armoured duct surrounding the line. 

After substitutions, the equation of balance (2) can be written in the 
follo'~ing form: 

I. • tx tlVX X - • ~ [dtx I _ dtx I ] -L fhb - ~ ( - 0 ) - 0 
dx dx Ix+dx dx x I. I,A 

(3) 

Simplifying (3), taking~(l) into consideration and introducing the no
tations: 

B f"D I B 
2 = - -. - -: a3 l' 

I. 

it may be written that 

The general resolution of (4) is known [6]: 

The boundan- conditions are as follows: 

1. At the point x = =, from (5) and (1): 

Bo 
--- = txOQ 
Bl 

ltfl = 0 

2. x = 0 

whence 

(3a) 

(3b) 

(3c) 

(4) 

(5) 

(6a) 

(6b) 

(6c) 

(7) 

(7a) 



HEATLYG-UP OF C01YTACTOR LI?,-ES 

Furthermore, from (1): 

and as the equation defining (jjk: 

3. X = 1 

m _ • A dtx i 
""'/' -- 1 .• -':1. -- I 

, dx !x=o 

1 In 

Substituting the deriYatiYe of (5) into (9) we get 

(jj" = I.A, a2 B3 + I.ANI. V -BI , 
BI + a~ -

Substituting from (7 a) and resolving for tk: 

(12) is the equation of the characteristic curve of the connecting line. 

11 

(8) 

(9) 

(10) 

(11) 

(12) 

The temperature of the connecting line at the point of intersection 
x = I, according to (5), (6a) and (7a): 

B ' -_--=3_) e-1Y-B,. 
Bl + aL 

(13) 

Rearranging (13) it will be evident that the condition 

r - BI = a2 

trivially satisfies the equation. For the last member of Equ. (13), according 
to the L'Hospital rule: 

which, (3c) taken into consideration, reduces (13) into: 

(13a) 
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Also the equation of the characteristic curye can be brought into a 
simplified form: r , 

t,. = ---====- + txcc 
" i·A.l-

(12a) 

b) The characteristic curve of the transfer 

The balance of the thermal fluxes for the length of the "transfer": 

(Ps" 

'where 

(Ps=A.*xo(tm. two) 

tm . = 0.5(tb + t!J 

A. * designating the heat transmitting surface of the transfer and 
(xo the combined heat transfer coefficient on the transfer, 

(PSi' 

(14) 

(14a) 

(14b) 

(14c) 

A" is the heat transmitting surface of the terminal board and the hold
down screw 

XOlc the combined heat transfer coefficient referred to the terminal 
tJllk the reference temperature of the combined heat transfer from the 

terminal. 
As per (14), the actual heat flux reaching the terminal is decisiyely 

affected by the eyolution of (Ps (see also Fig. 3). 

and 

Assume the yalue of (Ps to be proportional to the temperature tl11.: 

If so, then in the case of 

to = tf; = f m ., l.e. 

(15) 

(15a) 

(15b) 

(15c) 

(which means that (P" can reach the terminal from the environment or from 
the connecting line only), then 

B - (Pb 
0-

tb 
(16) 
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B 0 'will be obviously influenced by factors depending on the construc
tion; this ·will be evident from (Ha) and (15): 

Bo =A*!Xo (1- ~)' 
tm· 

(1/) 

Although tWb/tm. is not constant, in the small range of examined tk 

values it may be regarded to be so. 
Substituting (14b), (15) and (16) into (14) we obtain the equation of the 

characteristic curve of the transfer: 

(18) 

Practical 

The characteristic curves of the V:MK TL-25 type contactor were deter
mined by the following empirical system of values, in the range: 
IX = 14 [Wjm2 QC], a 120 < tk < 140 cC; tIV = 35 cC; k= = 7,8 [Wjm2 QC], 
the heat transmission coefficient between the line and the environment at 

a temperature tIV (with W" = k= S(txoo - tlV))' 

f"b A 

S·k"", 

fllb A 
twCXJ = txc<> - -- • 

S'!X 

Neglecting the temperature variations on the insulation of the WIre: 

IXI = 5,4 [W 1m2 QC] is the coefficient of natural heat transfer by con
vection on the external surface A I of the cladding, and 

Wo (W) the total dissipated heat flux of the switch; 

I = 100 mm. 
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From (3a), (14) and (10) 

The above relationships determine the value system of the environment. 
a) In determining the characteristics of the connecting line, the cal

culations were performed for three different wire cross-sections A and for 
two 1/\ values, using the relationships (I2a) and (I3a). For the results see Table 
1. It has been proved by experiments that the connecting lines dissipate heat 
to a decisive degree (over 80 per cent) by radiation. 

Table I 

Temperatur~ pattern of connecting lines 

tw = 35 QC; ex 1·1 [W/m2 CC]; k 
'" 

1.8 [W/m2 °C] 

I 

'k [cC] 'wx [0C] 

A ihb 
---.---, 

[mm'] [W/m'l Q:z ['Cl WJ: = <Pk 
= 0.55 [W] = 1.25 [W] x=o .,= I x- c::: 

: 

1 ? --.;) 2.34 . 106 13.8 95 132 185 50 58.5 61.5 

2 4.0 9.1 . 105 11.6 67.8 114 154.5 78.1 58 49.6 

3 6.0 4.15 105 9.95 55.4 97.7 129 78.7 57 44.1 

Accordingly, the IX = 14 [W, m2 cC] cannot be readily applied to the 
parts of the characteristic cun-es tk (<P,.).." at different temperatures. There
fore, the characteristics had to be corrected by IX = 13 and IX = 15 [W;m2 DC] 

in the ranges 100 < t" < 120 and 140 < t" < 160 cC, respectively. The curves 
obtained this way are plotted in Fig. 4, together with the isotherms t/ = 

= constant. 
b) To calculate the curves of the transfer, again on the basis of measure

ments, the following system of data 'was used: 

therefore, according to (18), the equation of the characteristic curve is 

(19) 

The very good agreement hetween the characteristic curves calculated 
with (19) and recorded (see la and Ib in Fig 5 resp.) - indicates that the 
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simplifying assumptions are permissible. The characteristic curve of the 
transfer can be modified hy changing to and @b which are hoth dependent 
on the construction. This means that modification is possible through a 
structural interference. Curves :2, 3 and 4 in Fig 5 pertain to the coherent 
values @[, = 5.3 \\- and to = 180 cC; @b = 3 Wand to = 235 cC; and @b = 
= 3 \\! and to = 180°C, respectively. 

In steady state operation at 25 Amp rated current, the actual temper
atures tic and t! can be established hy the superposition of the characteristic 
curves according to Figs 4 and 5, and hy the examination of the working point 
P, Fig. 6 (see also Fig. 2). The working points and the temperatures t/ of the 
relevant crossings are compiled in Tahle 2. 

~ <Po 
:E [Wj 

1 5.3 

2 5.3 

3 3.0 

4 3.0 

Table 2 

Steady state values of I" and t; at 25 Amp rated current 
for different values of A, IJ)b and tb 

Ik [0C] 't [0C] 

Ib 
[0C] A = :!.5 A =4.0 A = 6.0 A = 2.5 A = 4.0 

[mm'] [mm'] [mm'] [mm'] [mm'] 

235.0 132.0 121.5 110.5 103.0 91.0 

180.0 117.5 110.0 102.5 99.0 86.0 

235.0 109.0 100.0 93.0 98.0 84.0 

180.0 99.5 92.0 86.0 96.0 83.5 

A = 6.0 
[mm'] 

82.0 

78.0 

78.0 

78.0 

1. The temperature t/ is determined hy the interaction of the thermic 
systems of the connecting line and the transfer. From this point of view t/ 

may he regarded to he a characteristic of the contactor. 
2. Upon increasing the cross-section of the connecting lines, hoth 

tic and tI will considerahly diminish. 
3. The @b and tb values of the transfer have a marked influence on the 

terminal temperature t" and a lesser influence on the crossing temperature tI. 
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Summary 

The safety of contactors against shorts requires the working temperature of the con
necting lines not to exceed the degree permissible for the insulation. The temperature con
ditions of the connecting lines depend not only on their own heat sources and thermal con
ductivity but also on the heat fluxes transferred in different solid elements by conduction 
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(henceforth named: "transfer") from other sources to the terminal. Lines and transfer, there
fore, will be examined as an integral system. Steady state temperature conditions are deter
mined by their interaction, in the form of a solution which corresponds to their thermal char
acteristics (the point of intersection of the characteristic curves). The temperature conditions 
can be influenced by the intentional modification of the thermal characteristics. 
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