APPENDIX

| FORMULAS AND DEFINITIONS

The following formulas and definitions apply to all Wire
applications:

A. = ndL x 10 (metric] [6]
DEFINITION: Resistivity, p  Qmm?/m (Q/cmf]

A, =ndL x 12 (imperial) [6]

The resistance of a conductor, R,;, is directly propor-
tional to its length, L and inversely proportional to its Strip
cross-sectional area, q:

A.=2(b+t)L x 10 (metric) [7]

£

R0 =Py a 1 A, =2(b+tLx 12 (imperial) [7]
The proportional constant, p is defined as the resistivity
of the material and is temperature dependent. The unit
of p is Amm?/m (Q/cmf).

General formulas

U = Ryl v [8]
DEFINITION: Temperature factor, C,
Resistivity or change in resistance with temperature, p=Ul w1l
is non-linear for most resistance heating alloys.
Hence, the temperature factor, C,, is often used instead Combining equations [8] and [9] gives:
of temperature coefficient. C is defined as the ratio
between the resistivity or resistance at some selected
temperature T °C and the resistivity or resistance at
20°C (68°F).

Rating Current

Ry = CRy o [2]
R

Co=— [3]
Rzo

C,=1+(T-20)a [4]

Voltage Resistance

DEFINITION: Surface load, p W/cm? (W/in?)

The surface load of a heating conductor, p, is its power, Combining equations [2], [5], [8] and [9] gives:

P, divided by its surface area, A.. A 12C
n= e 2=t cm2/Q (in2/Q) [10]
P . Ry p
p=— W/cm2 (W/in2) [5]
A
AC
The ratio E used for determining wire, strip or

ribbon size, is tabulated for all alloys in the handbook
for ‘Resistance heating alloys and systems for industrial
furnaces’.

141



APPENDIX

142

DEFINITION: Cross sectional area,q mm?(in?

Round wire
T .
q=Zd2 mm2 (in2) [11]

Combining equations [1], [5], [6] and [11] gives the wire
diameter, d:

3| 4pP
d=|———
PRy

mm (in) [12]

3| 4 pP

d= (metric) [12]
1072 pR,g
a=’ 4 PP (imp.) [12]
15.28 x 10° X 12 pR,,
Example:
p = 1.35Q mm?/m (812 O/cmf) for Kanthal® D (according
to section 2)
P = 1,000W
p = 8W/cm?(51.6 W/in?)
R= 40Q
Strip
q = bt mm?2 (in2) [13]

DEFINITION: Number of turns, n

Le

—e [15]
s

N =

DEFINITION: Coil pitch,s  mm (in]

A round wire is often wound as a coil. For calculating coil
pitch, s, the equation [16] applies:

O 1= () -

Le
(D — d) mm  [16]
*f 2
() -1
_ n(D —d)
1,000 x £\* (metric) [16']
( L, ) -1
09 (imperial) [167
N o imperia '
(12]:: {’)2 1

When the pitch, s, is small relatively to coil diameter, D,
and wire diameter, d.

s
Than (D - q) <<L, so that equation [16] can be
simplified to:

_n(D—d)L,
ST

mm (in) [17]

DEFINITION: Relative pitch, r
The ratio s/d is often used. It is called the relative pitch

or the stretch factor, and may affect the heat dissipation
from the coil.

r=- [18]

The ratio D/d is essential for the coiling operation, as well
as the mechanical stability of the coil in a hot state.



FORMULAS FOR VALUES IN TABLES

In the chapter "Tables,” the values for surface area,
weight, and resistance of each material and dimension
are calculated per meter. Additionally, cross-sectional
area and area per ohm (Q) are presented. The formulas
below include unit corrections:

Metric units
Resistance per meter, R
Based on equation [1]

0/m

20/m

Wire

4p .
Rzo/m = d? (11

Strip

p )
Rao/m = bt (1]

Weight per meter, m_ g/m

m = volume Xy =qf Xy =>my = qy

Wire
nd?y
Strip
m,, = bty [19]

Surface area per meter, A, cm?’/m
Based on equation [6] respectively [7]

Wire
A¢/m =10 X d (6]

Strip
Acjm = 10 X 2(b + t) (7]

APPENDIX

Cross sectional area, g mm?
Based on equation [11], [13] respectively [14]

Wire
Strip
q=bt [131

Surface area per 1 cm?/(Q
Combining [1'] and [6'] respectively [1'] and [7']

Wire
_ Agm  10xmdxq 10 x n?d®
Rzo/m p 4p
Strip
_ Agm 10X 2(b +t) X bt B 20(b + t)bt
R20/m p P

Other equations which could be helpful

Length per kilo, L, m/kg
Based on equation f1 9] » L= l'n@

m

Wire
_1,000x4 4,000 [19]
ke T ndzy T md?y
Strip
1,000 .
kg = th [19]

Resistance per kilo, R, (/kg
Combining [1'] and [19]>

R R 1 1,000xR
—20M 1,000 X —x — = ————

Rig = 1000 = 9" qy q?y
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Wire
_ 1,000 X p _ 16,000 X p
kg = nd2\2 - n2dty
() v
Strip
1,000 x p
kg = b2ty

Relationship between metric and imperial units

1 Qmm?/m (pQm) = 601.54 Q/cmf
1 Omm?/m (uQm) = 472.44 Qf/smf
1 Q/smf = 1.2732 Q/cmf

= 1000 mil
=12in
=0.001 inch

=0.0254 m
=0.3048 m
=0.0254 mm
= 6.45 W/in?
=0.155 W/cm?

1inch (in)
1 foot (ft)
1 mil

1 W/ecm?

1 W/in?

Imperial units
P = Q/cmf  respectively
p’ .= Q/smf

strip

Resistance per foot, R 0O/ft

Based on equation [1]

20/ft

Wire

P’ :
Rao/tt = 106 x a2 (1]

Strip

. |
Rao/tt = g6 bt i

Weight per foot, m_  lb/ft
m=volume-y=q-l-y>m =q-y

Wire

m = volume Xy = qf Xy = mg = qy [19°]

Strip
12 X nd?
mft=—y=3><nd2y
4
Surface area per foot, A in?/ft

Based on equation [6] respectively [7]
Wire

AC/ft =12 xnd

Strip

Acjne =12 x nd

Cross sectional area, q in?
Based on equation [11], [13] respectively [14]

Wire

T
— 42
q 4d

Strip

q=Dbt

Surface area per 0 in?/Q
Combining [1'] and [6'] respectively [1'] and [7']

Wire
Age 12X 10°xnd xq 3 x10°x n?d®
R0/t p’ p’

Strip

Age 12X 106 x 2(b +t) Xbt

RZO/ft p

24 x 10° x (b + t)bt

rr

p

[191

(6]

(71

111

[131]



Other equations which could be helpful

Iéeng;h per potl.!nd,ml_(l?b] ft/le :
ased on equation - L, =m-
Wire
Ly, = 4 _ 1
12 X nd?y 3 X nd?y

Strip

1
L = 15X bty

Resistance per pound, R, Q/lb
Combining [1'] and [19]—

R =R20/f1= p___P
LM T gy g2y

Wire

o’

R = =
™ 3% 106 x nd? x d?y ~ 3 x 106 x nd*y

Strip

rr

p

Rio = 195106 x b2ezy

(191

[19]
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