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A llmlten conslsts of a sultably enclosed and tenml
nated fuslble element of sllverr copperr oI copper al-3-oy, 
vshtoh melts and lnterrupts an electrlcal clncult nhen ex
cesslve current flows through lt. 

Ll.ulters are used In alrcraft to protect wlnes, Sener
atlng equlpment, and swltchlng equlpment from damaglng cur
rents. Tlrey are aLso used to lsolate faulted feeders and. 
busee ln approprlatel,y-deslgned muJ.tlp3-e-path olrcults. 

The current vs blowlng-tlme characterlstlcs for Ltn
lters hsve been establlshed 1n the past. Metbods tlave also 
been establlshed for coondlnatlng the Ilmlters In branch 
clrcults wlth those fue meln clrcults; and coordlnatlng
lLmlter ratlngs slth cable damage-characterlstLcs. 

In a b3-owlng l-fuu1ter, the temperature of the fuslble 
eleuent rlses from approxlmateLy anblent to the meltlng
polnt of the uetal. Ail lncrease 1n the reslstance of the 
llmlter elemeut aceompanles thls temperature nlse. In the 
resoanch upon uhlch thls thesls ls based, th€ change ln re
sletance of 1lm1ters durlng bloulng was experlmentall-y
measured. It was found -that a siLver-el-emeut llmlter, rhlcb 
ls comronly used 1n 2ogh20 voLt alrcnaft clncults, uilL 
have about-4.Z tlmes 1ts ooLd reslstance at tbe lnstant be-' 
foro bLorulng. A copper-eLement L1m1ter, such as used m, 
Z8-voLt clrcults, w111 lncrease to about 5.2 tlmes 1ts cold 
reslstance before bJ.orlng. 

In practlcally aLl alrcraft clrcults, thls change ln 
Ilulter reslstanco u111 not oause a slgnlflcant change t^o, 

totaL fault curront. Eorrever, ln a clrcult havlng parallel
lfusltens wlth uaequal reslstance paths, the elrenge 1n 



limiter resistance may appreciably affect the current divi
sion between such limiters. The effect is to tend to equal
ize the currents in parallel limiters. 

In most parallel aircraft circuits the equalizing 
effect will tend to slow down limiter blowing, but it will 
probably not result in the blowing of the wrong limiter 
first. This thesis provides a quick way to check a circuit 
to see if the current diversion will be critical; and then 
outlines a method of analyzing critical circuits. 

The conventional method of analyzing the damaging ef
fect of transient current flowing through a limiter assumes 
that the resistance of the limiter element remains constant, 
and hence the heat absorbed is proportional to current 
squared times time. However, if the variable resistance of 
the limiter were taken into account, this conventional 
method of analysis would appear conservative. 
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CHANGE IN AIRCRAFT LIMITER RESISTANCE DURING BLOWING AND 

ITS EFFECT ON CURRENT DIVISION BE~VEEN PARALLEL LIMITERS 

I. Introduction 

In electric power systems, limiters and fuses are used 

to protect wires, generating equipment, and switching equip

ment from excessive currents. They are also used to isolate 

faulted feeders and buses in appropriately-designed multiple

path circuits. 

Fuses are commonly used in industrial and domestic 

electric-power systems. A fuse has its fusible element made 

from a low-melting-point alloy. 

Limiters are used in aircraft electrical installations, 

and in certain types of public utility installations where 

an attempt is made to protect cable from overheating. An 

aircraft limiter's fusible element is made from pure silver, 

copper, or copper alloy, all of which have high melting 

points. This high melting point gives the limiter greater 

insensitivity to ambient temperature. In addition, a high 

melting point, combined with sound design, results in a lim

iter with a time-temperature blowing characteristic that rea

sonably matches the time-temperature damage characteristic 

of insulated cable (4, pp. 4-10). 

The blowing-time vs current characteristics of aircraft 

limiters are quite well known (1, pp. 7-15; 3; 7, p.3). 

The design procedure for coordinating the limiter blowing

time vs current curve with the damage characteristics of 
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aircraft wire and cable has been quite well developed 

(2, pp.27 and 30). These two subjects are not within the 

scope of this thesis. 

A question which apparently had not been explored un

til the research for this thesis was initiated is this: 

What happens to the resistance of an aircraft limiter be

tween the instant when fault current starts to flow, and the 

instant just before the limiter blows and clears the cir

cuit? As the fusible element of the limiter heats, the re

sistance will obviously increase; but no quantitative data 

were available on the amount of resistance increase. 

The next logical question is: What is the quantitative 

effect of this change in resistance on practical aircraft 

circuits? In .previous tests of a mocked-up 120-volt air

craft electrical system, it was discovered that parallel 

limiters displayed an equalizing effect during the blowing 

period. The limiter that was supposed to blow first because 

of its lower resistance path, diverted some of its current 

to the parallel path. 

As a result of the above experience and thinking, this 

limiter research project was organized for the purpose of 

finding out the following: 

1. How much will the resistance of a limiter in

crease before it blows? 

2. How can the equalizing effect of this increase 

in resistance be predicted in the case of 



3 

parallel limiters with unequal resistance 

paths? 

3. Can the equalizing effect be great enough to 

endanger proper limiter coordination in air

craft power circuits? 

This research project has satisfactorily answered the 

above three questions, and has raised several others. In 

general, the resistance of a silver-element limiter rises 

to about 4.2 times its cold value before the limiter clears 

the circuit; and the resistance of a copper-element limiter 

rises to about 5.2 times its cold value before clearing. A 

method for analyzing parallel-limiter circuits for the ex

tent of equalization has been developed. However, it can 

be shown that in most parallel aircraft circuits the equal

izing effect will tend to slow down limiter blowing, but it 

will probably not result in the blowing of the wrong lim
• 

iter first. 

DESCRIPTION OF AIRCRAFT LIMITERS 

There are two types of limiters that are commonly used 

in aircraft. One has its fusible element and terminals 

stamped out of a sheet of copper of appropriate thickness. 

A ceramic case, with or without a glass window, is then 

built around the fusible element. This type of limiter is 

used on 28-volt d-e aircraft circuits and is available in 

various sizes in the range of 35 to 500 amperes. This type 
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of limiter is bolted to a bus or stud. Samples of this 

type of limiter are shown on the left side of Fig. 1. 

The other type of limiter has a fusible element fabr i 

cated from silver wire of appropriate diameter and length. 

The wire is welded to comparatively heavy terminals. The 

fusible element is surrounded with a glass tube, filled or 

,coated on the inside with metal-vapor absorbing sand or 

glass cloth. The terminals are attached to the glass tube 

with a phenolic cap, which also serves as a grip and shield. 

This type of limiter is installed in clips, and the limiter 

and limiter base are so constructed that limiters can be 

readily changed with minimum danger of shock. These silver

element limiters are used in 120 volt-to-ground circuits, 

and are available in various sizes in the current range of 

5 to 100 amperes. Samples of silver-element limiters are 

shown on the right side of Figure 1. 

At the time this research project was initiated, the 

only manufacturer of limiters acceptable to the U. S. Air 

Force was Burndy Engineering Co. Since then, other manufac

turers have developed acceptable limiters, but only Burndy 

limiters were used in this research project. 

Typical melting points for the fusible elements of lim

iters are: 

Burndy Rating Type 
Type Range Cir- Limiter Melting

Limiter AmEs· cuit Element Point 
FlL 5 - 100 208/120 v. Silver 1761~ (960.5°C) 

FLL 35 - 500 28 v. Copper 1981DF (1083°C) 

• 
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TYPE FLL TYPE Fl L 

COPPER ELEMENT SILVER ELEMENT 

LIMITE 

Fig. 1. Air Force approved aircraft limiters. 
Left - for 28 volt circuits. 
Right - for 208/120 volt circuits. 
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CHARACTERISTICS OF LIMITERS 

In studying limiters, one must keep in mind that lim

iter blowing is not a precise phenomenon, but rather a sta

tistical phenomenon. For example, the manufacturer seems to 

have some difficulty in controlling limiter tolerances ade

quately to produce units that will blow within a 12% band on 

the current-time characteristic. It naturally follows that 

there is no exact value for the resistance at the instant be

fore blowing. 

It will be observed that the test results produced a 

pattern of pre-blowing resistances, from which the values of 

4.2 for silver-element limiters and 5.2 for copper-element 

limiters were picked. It must be kept in mind that these 

figures are not precise values, but rather, useful approxi

mations. Further research could establish more precise val

ues and also could result in a better understanding of the 

relation of pre-blowing resistance to blowing time. 

One of the objectives of this research program was to ob

tain a workable method of predicting limiter performance in 

parallel circuits. In order to get a method that ·is prac

ticable, it was necessary to assign constants to these 

ratios of blowing resistance to cold resistance of limiters . 

In spite of their lack of preciseness, the ratios of 

4.2 and 5.2 are quite useful. With them, it has been pos

sible to compute curves from which the seriousness of the 

equalization effect of parallel limiters in unequal 
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resistance paths can be determined. In limiter coordination 

studies adequate allowances must be made for nonuniformity 

of individual limiters. 

At the time this project was planned, it was expected 

that the change in resistance of a limiter might cause ap

preciable change in the current flowing through a circuit. 

However, tests and analyses indicate that in practically a11 · 

overloads and faults, circuit components other than limiters 

will offer the major portion of resistance. For example, 

below are tabulated the maximum fault currents expected in 

two types of airplane electrical systems: 

Type 
Circuit 

Max. Fault 
Current 

Size 
Limiter 

Limiter 
Res. 

Voltase DroE 
Limiter Limiter 

AmEeres AmEeres Ohms Cold Hot 

28 Volt D-C 6000 275 .0002 1.2 6.24 

110 Volt A-C 6000 60 .0006 3.6 15.1 

An actual airplane fault will in all probability in

volve much smaller limiter voltage drops. Consequently, all 

parallel limiter situations in this thesis were computed on 

the basis of constant total current. 
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II. Analysis of Limiter Resistance During Blowing 

If a limiter blows in less than 0.1 second, the element 

does not lose any appreciable amount of heat through conduc

tion, radiation, or convection (4, p. 1). Therefore, all 

the heat generated by the passage of current through the re

sistance of the limiter element is converted into increased 

temperature. 

If the blowing time is greater than 0.1 second, then 

there may be appreciable heat dissipated from the limiter 

element. If the blowing time is long, say many seconds, 

then only a small part of the total heat generated will go 

toward heating the element to its melting temperature. Thu~, 

it would be extremely difficult to make a general mathemati

cal analysis of the resistance of a slow-blowing limiter. 

Fortunately, as will be seen later in this thesis, a par

allel circuit that is safe from an equalization standpoint 

with fast-blowing limiters, will be even safer if the lim

iters blow slowly. 

Thus, the desired practical results can be accomplished 

with an expression which will give the value of limiter re

sistance as a function of time for the quick-blowing condi

tion. Such an expression will be derived in this section. 

To derive this expression for limiter resistance during 

blowing, two assumptions are made: 

1. That the limiter blows in less than 0.1 sec. 
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2. That constant current flows through the lim

iter (see page 7 ). 

The expression for the temperature rise of copper is 

.018 x watt sec. 
Temp. rise (°C) - i ivolume n cu. n • 

•018 r 2Rt 
cu. in. 

or A T = p Rt 

where AT = temp. rise in c 
.018 r2p - cu. in. 

R = resistance of element 

t = time in seconds 

The expression for the resistance change in a conduc

tor when it heats is: 

where R = resistance at temperature T 

R
0 

= resistance at initial temperature 

T = final temperature 

= initial temperatureT0 

0( = thermal resistance coefficient 

revising, 

R = R0 + R0 cc T - R0 0C T0 

Let - b = R0ot and a :::~ R0 - bT 0 

R = a+ bT 

In a given limiter having a constant current passing through 

it, the variables will be time, temperature, and resistance. 
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6 T = pR A t 

substituting, 

A T = p o t ( e.+bT) 

dT = pdta + bT 

Integrating T 

fpdt 

0 
1 

log (e.+-bT) =pt+ c t 

e.+ tir = e(bpt+ bc) 

T _ ~(bpt + be) 
- b 

At t = O,T = T0 

eoebc _ e. ebc _ e. 
b b 

ebc = bTo+ e. a = R0 - bT0 

ebc = bT0 + R0 - bT0 = R0 

Substituting to eliminate the constant of integration, 

T = Roebpt - a 
b 

However, 

R = a + bT 

Therefore, 

R ebpt - a~
R = a + b -0-~----1-[~ b 

= e. + Roebpt - a = Roebpt 

( Eq. 1) 

In conclusion, 
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where Rt = limiter resistance at time t 

~ = 2.718 

R0 = initial resistance of limiter 

I = current which remains constant 

t = time in seconds 

k = constant for a given limiter design 

The significance of this equation is that the resis

tance of a limiter will increase exponentially with time. 

It is interesting to note the correlation of this 

theoretical expression for limiter resistance with actual 

data. Figs. 2 and 3 show the limiter resistance plotted 

against time for several blowing times of copper-element 

and silver-element limiters respectively. It will be noted 

that the resistances of fast-blowing limiters closely follow 

the theoretical curve. 
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10~--------,---------~--------~------~~--------

1000 20 qO 60 80 
PERCEMT OF BLOWIMG TIME 

Fig . 2. Limtter resistance as a function of percent of 
blowing time (copper element). Rating of test li~iters: 

200-amp, 28-volt, type FLLF. Average resistance at 21C 
was .00032 ohms • . 
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EVALUATION OF k 

The value of k depends on the physical size of the lim

iter element and its thermal resistance coefficient. 

k - .018 oC for copper
- cu. iii. volume 

The value of k can also be computed if the resistance 

of a limiter just before blowing is known. 

For a given limiter, k can be determined by taking 

blowing time and current from Ref. 1 (copper element lim

iters) or Ref. 7 (silver element limiters). Equation 1 is 

applicable only when the limiter blows so fast that heat 

losses are negligible, so for computing k the current at a 

very short blowing time should be used. 

Figs. 5 and 6 give values for R0 • Values of k for sil

ver element limiters are: 

k = __l_,og"""""'4_._2___ 
R0 I 

2 t 
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Limiter I t Ro k 
Rating Amps Sec. Ohms 

Amps 

10 A 330 .01 .0052 .253 

30 A 800 .01 .0013 .1725 

40 A 1070 .01 .0010 .125 

60 A 1600 .01 .0006 .0934 

Values of k for copper element limiters are: 

los 5.2k = 
R0 I 2 t 

Limiter I t Ro k 
Rating Amps Sec. Ohms 

Amps 

100 3150 .01 .00054 .0307 

130 3800 .01 .00043 .0266 

200 5700 .01 .00032 .0158 

275 9000 .01 .00020 .0102 

400 13800 .01 .00013 .00667 
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III. Effect of Limiter Heating on Distribution 

of Current Between Parallel Limiters 

Having Unequal Resistance Paths 

One of the principal objectives of this research proj

ect was the development of a practicable method of predict

ing how much equalizing effect will take place in parallel 

circuits as a result of limiter heating during blowing. 

In this section will be developed quick-check curves 

with which most parallel circuits with limiters can be easily 

analyzed for the possibility of excessive current equaliza

tion. Then a positive method of determining the extent of 

current equalization in parallel limiters will be developed 

for those cases where the quick-check curves indicate that 

excessive equalization is a possibility. 

Fortunately, in the case of parallel limiters having 

unequal resistance paths, the equalizing effect is greater 

at blowing times of less than 0.1 second than at longer 

blowing times. Appendix B outlines experimental confirms~ 

tion of this. 

DEVELOPMENT OF QUICK-CHECK CURVES FOR ANALYZING PARALLEL 

LIMITERS 

In this analysis of parallel circuits, two assumptions 

are made: 

(1) That the to~al current through the combination 

of limiters remains constant. 
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I 

(2) That the limiter blows in less than 0.1 second. 

The following symbols will be used: 

It = total current 

R1 =a non-varying resistance 

R3 =a non-varying resistance 

R2 =limiter intended to blow 

first 
Fig. 4. Par

R4= limiter not intended to blow first allel circuit 
with limiters. 

Il= current through R2 

I2= current through R4 

rl= Rl+ R2 

r2= R3+ R4 

It= Il+ I2 

A silver element limiter will increase to about 4.2 

times its cold resistance before blowing. A copper element 

limiter will increase to about 5.2 times its cold resistance 

before blowing. 

If constant current flows through a limiter, the re

sistance of the limiter changes according to 

2
R = RoekRt>I t 

where R
0 
=cold resistance 

k =constant for a given limiter de sign 
(See Chapter II) 

I =current in amps 

t =time in seconds 

If the current flowing through a limiter is not con

stant, then the above equation will not hold. 
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Any attempt to derive an exact expression for the cur

rents or limiter resistances in Fig. 4 will lead to a non

linear differential equation. Such an equation could be 

solved by approximations, but it would be so unwieldy that 

it would have little practical value in airplane design. 

Therefore, the problem of parallel limiters was ap

proached from another angle. The problem was divided into 

two categories, viz: (1) determine worst possible equaliza

tion conditions; and (2) provide point-by~point method of 

approximating what will actually happen in a specific cir

cuit as the limiters heat. 

The worst possible equalization conditions w.ill exist 

if R4 does not increase its resistance at all. Thus, as R2 

gets hotter and hotter, it will divert more and more of its 

current into R4 • The limiting condition will usually occur 

when R2 reaches 4.2 (silver) or 5.2 (copper) times its cold 

resistance and blows. 

In a parallel circuit, 

Il= It r2 
rl+ r2 

In Fig. 4, 

I, - I2 (flo+-R4) 
- Rl+ R2+ R3+ R4 

Just before R2 blows, 

where x = 4.2 for silver 

= 5.2 for copper 
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The percentage of initial current 11 that will be 

diverted into R4 is 

D = 100 [ 1 1 - 1i] = 100 r1 - 1i] 
I1 [ 11 

where D =percent current 
diverted. 

- ((R3+ R4)1t Rl +R2+ R3 +R4t]
R1+ x R2 -r R3 + R4• It (R3 +- R4 ) J 

By using various ratios for R1 and R3+-R4 The data for 
R2 R2 

Figs. 5 and 6 were calculated • 
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QUICK CHECK TO SEE IF TWO PARALLEL LIMITERS ARE IN CRITICAL 

ZONE WITH RESPECT TO EQUALIZATION 

1. General Information 

a. If R2 = 
Rl = 

R4 and 

R3 

Equalization will be perfect. 

b. If R1 is not equal to R3 then the limiter that is 

to blow first will divert some of its current to the 

other circuit. In this discussion, it will always 

be assumed that R2 is intended to blow first. 

c. The resistance of R2 just before blowing will be 

about 4.2 times its cold resistance in the case of 

type FIL (silver element) limiters; and about 5.2 

times in the case of FLL (copper element) limiters. 

d. In practically every aircraft electrical fault, it 

may be assumed that total current will change only 

a negligible amount as a result of limiter heating. 

However, the current distribution in parallel cir

cuits may be appreciably changed. 

2. How 

a. 

b. 

to Determine Equalizing Effect. 

It is assumed that R2 is intended to blow first. 

The usual problem is: Is there any danger of R4 
being damaged or blown before R2 blows? 

Most parallel limiter equalizing problems can be 
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solved with Fig. 5 or 6, which give the percent of 

current I,, that is diverted into R3 and R4 under 

the most unfavorable conditions. If, even though 

the current is diverted, R2 blows well ahead of R4 , 

then the circuit may be considered safe from an 

equalization standpoint. 

Example: R2 and R4 are 30-amp. silver element lim

iters. Rl R2 

= .026 ohms .026 .0013R1 

= .052 ohmsR3 052 .0013 
From Fig. 6, 

R2 = R4 =.0013 ohms 

R1 =20R2 ; R3+ R4 =41 R2 

Diverted current= 5% 

Assume that initially I 1 = 400 amps 

(Rl+ R2) _ 400 ( 20 + 1) _ 205 amps(R3+ R4 ) - 40+" 1 

After diversion 

I1= .95 x 400 = 380 amps. 
I2= 205 + ( .05 x 400) = 225 amps 

Obviously, R2 will blow before R4, so this particu

lar problem is solved. 

c. If step (b) indicates that there is same question 

about R2 clearing first, then a more complete anal

ysis will have to be made. 

Example: Two 30 amp limiters in circuit as shown. 
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= R4 =.0013R2 

= 3.46 R2R1 

= 5.0 R2R3 

From Fig. 6, diversion of I 1=25% 

Assume I,= 400 amps at start 
I 2 = 400 (R1+ R2 ) = 296 amps 

(R3+ R4 

After diversion 

I1= .75 x 400 = 300 amps 

I2= 296 + ( .25 x 400) = 396 amps. 

On the basis of Fig. 6, there is reason to question 

which limiter will blow first. The next section pr o

vides a method of accurately determining the extent 

of equalization in a circuit where the above method 

indicates that equalization may be excessive. 
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POSITIVE CHECK OF EXTENT OF CURRENT EQUALIZATION IN 

PARALLEL LIMITERS 

Assume that the limiters will blow in less than 0.1 

second. Then the resistance of each limiter will be 

k = constant for a given lim
iter design (See end of 
Chapter II) 

Take a current that will blow the limiter in .04 sec

onds. Tabulate resistance against time, correcting the cur

rent in each branch each .01 second. From the resulting 

data, the accumulated heat energy in each limiter can be 

computed from the formula, 

Limiter R2 will blow after its resistance reaches 4.2 

(silver element} or 5.2 (copper element) times its cold re

sistance. If the energy in R4 at this time is less than 

52% of the energy in R2, then it may be concluded that R4 

was not damaged (6, P. 32). This criterion of damage is now 

believed to be quite conservative. 

Example: (Same as in Page 23 of this thesis). 

Two 30-amp. limiters in circuit as shown. 

= .0013 ohmsR2 = R4 

R1 = 3.46 R2 

R3 = 5.0 R2 

k = .1725 (Chapter II) 

I 
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At 400 amps constant current, R2 would blow in .04 

seconds. 

Calculating R2 and R4 in a step by step manner pro

duces the following tabulation. For convenience, resistance 

is computed on a per-unit basis. 

I 2Branch Current At R at t ate2. 24t C'Imr)
Beginning, End of Period End of Pen 

Amps P. U. Sec. 

1 400 1.431 1.431 .01 
2 296 1.218 1.218 .01 

1 391 1.409 2.02 .02 
2 306 1.234 1.50 .02 

1 378 1.378 2.78 .03 
2 318 1.253 1.88 .03 

1 365 1.348 3.74 .04 
2 331 1.279 2.40 .04 

1 353 1.325 4.96 .05 
2 343 1.303 3.13 .05 

Curves "B" in Fig. 7 show the resistances R2 and R4 

plotted against time. Curves ••en show the same resistances 

calculated with corrections in current made every .005 sec

onds instead of every .01 seconds. 

Fig. 8 shows the current I1 and I2 plotted against 

time based on Curve "c" resistances. 

From Fig. 7 and 8, the accumulated heat energy in 
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each limiter can be computed. The following table gives 

the values for R2 • 

Time Period 
Sec. 

R2 
P.U. 

H 
r 2Rt 

Accumulated 
H 

0 - .01 395 1.2 838 838 

.01 - .02 385 1.75 1160 1998 

.02 - .03 373 2.37 1480 3478 

.03 - .04 361 3.22 1880 5358 

.04 - .05 353 3.97 1111 6469 

The heat content of R4 can be similarly computed. 

The solid lines in Fig, 9 show the accumulated energy 

in each limiter. Apparently R2 will blow first, but R4, 

having absorbed 56% of its blowing heat energy, would be 

considered damaged by present standards (6, p. 32). 

Evidence in Appendix B indicates that the quick-blow

ing condition is worse from an equalizing standpoint than 

the slow-blowing (over 0.1 second blowing time) condition. 

Accordingly, a circuit which is safe on the basis of the 

above calculations will also be safe for all other blowing 

times. 

This step-by-step procedure is applicable to circuits 

having more than two limiters in parallel. It is also ap

plicable to circuits having heterogeneous limiters. 
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IV. General Descri ption of Laboratory Tests 

The major laboratory work for this project involved the 

measurement of resistances of limiters just before blowing. 

Since the blowing times ranged from .004 second to 50 sec

onds, all records were taken with an oscillograph. Fig. 10 

shows the circuit used for most of the testing. 

The current could be measured by conventional means. 

An oscillograph element of suitable frequency response and 

sensitivity was connected to an appropriate ammeter shunt 

through an attenuator. The oscillograph element could be 

calibrated by short-circuiting the limiter holder with a 

switch and recording the oscillograph-element deflection 

when a known value of current was passed through the cir

cuit. 

Measurement of the voltage drop across the limiter pre

sented a more difficult problem. An oscillograph element 

could not be connected directly across the limiter because 

the high voltage across the blown limiter would have dam

aged the galvanometer. Consequently, it was necessary to 

interpose a direct-coupled, limited-output amplifier be

tween the limiter and oscillograph. A suitable circuit was 

provided for calibrating the combination with a known vol

tage. 

During calibration, the main current-carrying circuit 

was opened and closed with a heavy-duty industrial-type con

tactor. During tests, the circuit was closed with a 
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light-weight aircraft-type contactor having little contact 

bounce. 

Suitable auxiliary equipment was provided to enable 

the operator to test limiters efficiently. An auxiliary re

lay made possible the synchronizing of the limiter blowing 

with the oscillograph when the drum-type film magazine was 

used for recording high-speed blowings. 

The d-e oscillograph amplifier showed signs of drift 

and non-linearity. However, enough oscillograms were taken 

to insure reasonably accurate results. A summary of the 

tests made is given below: 

Type 
Limiters 

Number 
Blown 

Useful Oscillograms 
Obtained 

Purpose 

FlL 100 64 Find out resis
tance at blowing 
point. 

FLL 70 50 Find out resis
tance at blowing 
point. 

FlL-30 36 12 Experimentally 
determine equal
izing effect of 
parallel limiter s . 

Fig. ll shows the oscillograph, d-e amplifier, and 

power supply as set up with a drum-type paper holder for re

cording high-speed blowings. 

The results of the laboratory tests are discussed in 

Appendices A and B. 



Fig. 11. Lab. setup for limiter research showing oscillograph and 
amplifier. 
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V. Conclusions 

In general, the laboratory test results of this re

s earch project seem to concur with the mathematical analy

sis (Appendices A and B). 

The increases in resistance of limiters were deter

mined from such a large number of tests that they ~uld ap

pear to be reasonably close. The mathematical analysis of 

parallel limiters was confirmed by test. 

It would seem that only under extremely rare condi

tions would there be danger of the wrong limiter blowing 

first as the result of current equalization in a circuit 

with limiters in parallel. The example cited in Chapter 

III represents a limiter and about 6 feet of wire in one cir

cuit; and a limiter and 5 feet of wire in the other circuit. 

This is about the worst condition that could be expected in 

actual practice. Longer wires, with reasonable differences 

in length, will reduce the equalizing effect. 

However, the blowing time of a limiter can be appre

ciably delayed by its current being diverted to another 

path. In some cases, this delay may influence the limiter 

coordination of a system. 

A new concept of limiter damage was a by-product of 

this limiter research project. In the present method of 

system analysis, the energy a limiter has absorbed is com

puted on the basis of the I2t which has passed through it. 

As explained in Appendix D, this method appears conservative 
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because a limiter absorbs energy at a much greater rate at 

the instant before blowing than it does at the instant fault 

current starts to flow. 

In this connection, a number of limiters which had been 

subject to near-blowing transients were tested. These "use~' 

limiters did not seem to have been seriously damaged by pre

vious transients, for their blowing times were nearly nor

mal. The "used" limiter tests are discussed in Appendix C. 

Only a limited amount of time was spent on the limiter 

damage problem, inasmuch as it was not a major objective of 

this limiter research project. Further research might be 

warranted on the subject of "What constitutes limiter dam

age?'' 
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APPENDIX A - Summary of Laboratory Test Results -

Determination of Limiter Resistance at Instant 

Before Blowing 

One of the major objectives of this research project 

was to find out what the resistance of a limiter is just 

before it blows. 

Some 170 limiters were blown in this phase of the re

search, and 114 useful oscillograms were obtained. TQe cur

rent through each limiter was recorded by an oscillograph 

element connected to a shunt in series with the limiter. 

The voltage drop across the limiter was recorded by another 

oscillograph element through an amplifier. The amplifier 

was of such a design that it would not allow more than 60 

ma. to flow through the oscillograph element, thus protect

ing the element from the open-circuit voltage after the 

limiter had blown. 

Blowing time was measured from the oscillograph timing 

lines. 

Different oscillograph elements had different frequency 

responses. Fortunately, when high-speed blowings were re

corded, high currents had to be used. As a result, ample 

voltage drop across the ammeter shunts was available for 

operating fast oscillograph elements. 

Current and voltage calibration oscillograms, as nece& 

sary, were taken before each limiter blowing. These calibra

tions are not recorded in this document. 
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Unfortunately, the results are not as accurate as 

might be desired. The only available oscillograph ampli

fier capable of driving the high-speed oscillograph ele

ments had appreciable drift and non-linearity. The error 

from these factors in some cases may have been as high as 7 

to 10%. Before each test the amplifier was calibrated at a 

voltage approximately equal to the voltage expected across 

the limiter. This method of calibration reduced the effec~ 

of non-linearity, but drift could not be controlled. 

A newly developed amplifier that has been subsequently 

made available promises to have much better characteristics. 

Further research on limiters can undoubtedly establish more 

accurate values for pre-blowing limiter resistance. 

Also, limiter research with an improved amplifier might 

establish a rational relationship between pre-blowing resis

tance and blowing time. The present data offers nothing 

conclusive on this relationship. The variation of indicated 

pre-blowing resistance resulting from amplifier error was in 

the same order as the variation resulting from different 

blowing times. 

28 VOLT LIMITERS 

The limiters tested were Burndy Type FLL. Their melt

ing-time-current characteristic curves are given in Ref. 1, 

PP• 7-15. 

The limiter sizes tested were: 
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Burndy Type Rating, Amps. 

FLLC 100 
FLLD 130 
FLLF 200 
FLLH 275 
FLLL 400 

Blowing times varied from 0.07 to 70 seconds, with 

most shots taken ne ar 0.1, 1.0 and 10 second times. Rise 

time became noticeable on high-current short-time shots. 

Limiter resistance at room temperature was measured on 

a bridge. BAC Ll8 A-FSH limiter holders were used and wire 

sizes, test enclosure, and test conditions were in accord

ance with Ref. 3. 

From each oscillogram was calculated the ratio ·of re

sistance at the instant before blowing to cold resistance 

as measured on a bridge. These values are plotted on Fig. 

A-1. On the basis of Fig. A-1, the average ratio of pre-

blowing to cold resistance for copper-element limiters has 

been tentatively established at 5.2. Measurements on more 

limiters with better equipment may result in a revision of 

this 5.2 ratio. 

The variation of the resistance of a limiter during the 

current-carrying period is also of interest. This variaticn 

is plotted for three of the limiters in Fig. 2 discussed in 

Chapter II of this thesis. It will be noted that fast-

blowing limiters follow the theoretical curve quite close

ly. This seems to confirm the valid ity of the theoretical 

approach. 
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Fig. A-2 is a typical oscillogram showing the change 

in voltage drop across the limiter as the limiter blows. 

The voltage sensing leads were attached to the copper of 

the limit er element. The limiter in Fig. A-2 blew in .99 

•seconds. Fig. A-3 is a similar oscillogram for a limiter 

that blew in 6.95 seconds. 

The following tabulation summarizes data taken from os

cillograms of blowing FLL copper-element limiters. The 

colummare headed as described below: 

Ave. Current - Current that determines blowing time 

Time - Time for limiter to blow 

R-Initial - Resistance of limiter element as measured 
with a Kelvin bridge 

R-Final - Resistance computed from current in limiter 
and voltage drop across 
blowing. 

limiter just before 

- Ratio of final resistance to initial resis
tance. 
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LIMITER RESISTANCE CHARACTERISTICS 

100 AMP. LIMITERS, BURNDY FLLC 

Osc. Ave. Blowing R-Initial R-Final Rr/Ri 
No. Current Time (Bridge) 

Amps. Sec. ..A x 1o-6 _n. x lo-6 

103 213 17.98 542 2540 4.68 
105 238 7.8 538 2570 4.88 
158 384 1.11 534 2860 5.35 
160 384 1.07 542 2760 5.10 
162 216 70.88 530 2460 4.64 
165 240 9.15 551 2290 4.16 
107 374 1.115 541 2870 5.32 

LIMITER RESISTANCE CHARACTERISTICS 

130 AMP. LIMITERS, BURNDY FLLD 

Osc. Ave. Blowing R-Initia1 R-Fina1 Rr/Ri
No. Current Time (Bridge~ 

Amps. Sec. ...nx 10- ..n.x 1o-6 

13 266 9.31 438 2130 4.87 
19 276 6.99 434 2400 5.52 
29 439 1.21 422 2052 4.87 
31 442 1.17 418 2590 6.20 
41 1272 0.097 428 2280 5.32 
43 1266 0.101 435 2380 5.48 
45 1279 0.084 439 2220 5.07 
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LIMITER RESISTANCE CHARACTERI STICS 

200 AMP. LIMITERS, BURNDY FLLF 

Osc. Ave. Blowing R-Initial R-Final Rr/Ri 
No. Current Time (Bridge~ 

Amps. Sec. ..0. X 10- ...n.x lo-6 

21 369.5 6.77 306 1780 5.81 
23 370. 9.73 317 1910 6.02 
33 640 0.83 323 1900 5.88 
35 645 0.99 308 1965 6.38 
47 1751 0.082 326 1725 5.28 
49 1757 0.098 308 1720 5.59 

3 363.4 13.99 330 1150 3.49 
5 358.6 8.68 331 1540 4.65 

11 637 0.96 342 1735 5.07 
18 1890 0.086 325 1585 4.88 
26 1662 0.115 328 1645 5.03 
28 663 1.01 318 1735 5.45 

LIMITER RESISTANCE CHARACTERISTICS 

275 AMP. LIMITERS, BURNDY FLLH 

Osc. 
No. 

Ave. 
Current 

AmEs· 

Blowing 
Time 
Sec. 

R-Initial 
(Bridge~ 

..Q.. X 10

R-Final 

..O..x 10-6 

Rr/Ri 

142 3360 0.074 201 857 4.26 
144 3360 0.076 198 842 4.26 
146 1155 0.83 200 982 4.92 
148 1145 0.73 212 1040 4.92 

25 547 10.66 199 1055 5.30 
27 540 10.4 200 1055 5.28 
37 1018 0.99 199 1205 6.06 
39 988 0.96 203 1276 6.28 
51 2720 0.106 206 1065 5.70 
53 2680 0.105 200 1115 5.57 

7 592 6.95 214 968 4.52 
13 627 4.95 210 1125 5.36 
17 1168 0.79 203 962 4.73 
22 3275 0.07 213 984 4.62 
24 3245 0.07 205 987 4.81 

154 602 7.00 206 883 4.28 
156 576 8.65 206 897 4.35 
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LIMITER RESISTANCE CHARACTERISTICS 

400 AMP. LIMITERS, BURNDY FLLC 

Osc. Ave. Blowing R-Initial R-Final Rr/Ri
No. Current Time (Bridge~ 

Amps. Sec. ...a.. .X 10- ....n....x 10-6 

253 836 15.9 133 6.93 5.21 
255 824 11.66 133 6.47 4.87 
257 1063 3.42 133 6.61 4.97 
259 1026 3.13 133 6.72 5.05 
261 3127 0.20 133 7.83 5.88 
263 3160 0.208 133 7.62 5.72 
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208/120 VOLT LIMITERS 

The limiters tested were Burndy type FlL. Their melt

ing-time-current characteristics are given in Ref. 7, p. 3. 

The limiter sizes tested were: 

5-amp 
10-amp 
30-amp 
40-amp 
60-amp 

Blowing times ranged from .00198 second to 49.26 sec

onds. In the extremely short blowing times, the current 

wave had a rounded front because of the inductance of the 

generator and circuit. 

The limiters were mounted on a Burndy aircraft fuse 

block of appropriate size. The fuse clips were ground down 

to permit attaching voltage leads directly to the limiter 

blades. Fig. B-1 shows the method of installing these vol

tage leads for two limiters in parallel. For the tests 

described here (i.e. Appendix A), both voltage leads were 

attached to the limiter blades. The test enclosure and con

ditions were as specified in Ref. 3. 

Some 100 limiters were blown and 64 useful oscillo

grams were obtained. 

From each oscillogram, the ratio of resistance just be

fore blowing to the cold resistance was computed. These 

ratios are given on the data sheets and also plotted on Fig. 

A-4. On the basis of Fig. A-4 the average ratio of pre-blow

ing resistance to cold resistance has been tentatively 
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established at 4.2. Measurements on more limiters with 

more accurate equipment may result in a revision of this 

4.2 factor. 

The variation of the resistance of a limiter during 

its current-carrying period is shown in Fig. 3. The close 

conformity of the test results with theoretical calculations 

is noteworthy. 

Figs. A-5 and A-6 are typical oscillograms of blowing 

limiters. 

The data sheets are self-explanatory. 
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Fig. A-6. Oscillogram showing voltage drop across 30 Amp 
FIL limiter. Blowing time is 5.18 sec. 
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LIMITER RESISTANCE CHARACTERISTICS 

5-AMP. LIMITERS BURNDY FlL 

Current~, Am:es . Blowing Osc. Rb Rf Rr/Rb
Initial Final Time, Sec. No. Ohms Ohms 

17.8 17.4 .94 313 .0125 .0532 4.26 
17.65 17.0 .96 315 .0126 .0521 4.06 

12.7 12.25 3.08 317 .0124 .0466 3.76 
12.4 12.5 3.12 319 .0123 .0464 3.78 

42.5 36.55 .127 323 .0127 .071 5.58 
42.2 38.6 .126 325 .0126 .0654 5.18 

• 

Rr = final pre-blowing resistance 

Rb = initial resistance by bridge 

Ave. Rb = .0125 ohms 
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Current, 
!ni~ia! 

28.25 
27.8 
27.8 

37.5 
37 
37.5 

74 
74 
73.8 

182 
180 
182 

422 
415 
408 

(550) 
(755) 
(722) 

LIMITER RESISTANCE CHARACTERISTICS 

10-AMP. LIMITERS, BURNDY FlL 

AmEs· 
Final 

Blowing 
Time, Sec. 

Osc. 
No. 

28.25 3.26 235 
27.8 3.25 236 
27.8 2.84 237 

37 1.07 238 
37 1.12 239 
37 1.2 240 

71 .221 178 
71 .218 179 
70.5 .22 180 

161 .036 47 
159 .039 48 
160 .0388 49 

363 .0092 209 
362 .00925 210 
323 .0098 211 

1100 .0024 216 
1110 .00198 217 
1030 .00209 218 

Ave. Rb = .005158...Cl-

Ratio 
Rr/Rb 

3.98 
4.3 
4.23 

4.35 
4.27 
4.03 

4.54 
4.35 
4.44 

4.72 
4.85 
4.73 

5.0 
5.27 
5.22 

3.03 
2.82 
3.44 
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Current 2
In!tia! 

83 
83 
83 

111 
112.5 
111.5 

189 
191 
188 

440 
466 
445 

LIMITER RESISTANCE CHARACTERISTICS 

30-AMP. LIMITERS, BURNDY FlL 

Am;ES•
Final 

Blowing
Time, Sec. 

Osc. 
No. 

83 20.53 183 
83 49.26 184 
83 22.34 185 

111 .97 188 
111 .93 189 
111.5 .92 190 

181 .21 52 
183 .208 53 
183 .204 54 

425 .041 205 
425 .041 206 
435 .0406 207 

2020 .00395 219 
1920 .00386 220 
1990 .00370 221 

Ave. Rb = .0012806..tl-

Ratio 
Rr/Rb 

3.28 
3.66 
3.27 

4.14 
4.14 
4.10 

4.05 
4.52 
4.21 

5.44 
5.16 
5.11 

3.65 
5.1 
3.77 
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LIMITER RESISTANCE CHARACTERISTICS 

40-AMP. 

Current, Amps.
Initial Final 

110.7 113 
112 111 
111 112 

141 142 
143 142.5 
142 144 

234 218 
229 218 
236 221 

543 483 
515 476 
515 477 

LIMITERS, 

Blowing 
Time, Sec. 

9.52 
6.2 
5.18 

.98 

.97 
1.00 

.227 

.231 

.226 

.045 

.0442 

.043 

BURNDY FlL 

Osc. 
No. 

191 
192 
193 

196 
197 
198 

12 
13 
14 

39 
40 
41 

Ratio 
Rr/Rb 

4.10 
4.03 
4.1 

4.05 
4.1 
4.14 

3.93 
4.23 
4.15 

4.43 
4.45 
4.42 
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LIMITER RESISTANCE CHARACTERISTICS 

60-AMP. LIMITERS, BURNDY FlL 

Current, 
Initial 

Amps. 
Final 

Blowing 
Time, Sec. 

Osc. 
No. 

167 
165 

191 
190 
190 
190 

316 
313 
319 

1012 
1000 
1007 

167 23.41 29 
165 18.91 33 

192 2.10 15 
193.5 2.13 16 
196 2.16 17 
191 2.26 18 

333 .322 8 
332 .32 9 
329 .316 10 

( 1012) .0475 224 
952 .046 225 
945 .0454 226 

2600 .0086 230 
2590 .00885 231 
2610 .00825 232 

Ave • Rb = .00060ll.JL 

Ratio 
Rr/Rb 

3.75 
3.93 

3.9 
3.81 
3.84 
3.79 

3.78 
4.08 
3.89 

4.19 
4.22 
4.41 

3.72 
3.7 
3.95 

http:00060ll.JL
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APPENDIX B - Summary of Laboratory Test Results 

Parallel Limiters, Slow-Blowing vs 

Quick-Blowing 

Chapter III provides a rigorous method of calculating 

the equalizing effect of limiter heating in parallel cir

cuits. Chapter III, however, discusses fast-blowing lim

iters only. 

Inspection of Figs. 2 and 3 will lead one to believe 

that as far as equalizing effect is concerned, the fast

blowing limiters will provide the worst conditions, i.e., 

the most equalizing effect. This observation has been ver 

ified in the laboratory tests described in this Appendix. 

This verification is rather fortunate, because the behavior 

of slow-blowing parallel· limiters is difficult to predict. 

For the purpose of this analysis, a circuit with 30

ampere limiters as shown below was selected. 

Rl R2 Il 

3.46 p.u. 1.0 p.u. 
It 

1.0 p.u. 

R3 R4 I2 

R2 = = 30 amp limiters with about .0013R4 ohms resistance each = 1.0 P.U. 
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= approx. 5 ft. of wire, which is aboutR1 
the min i mum expected in a practical cir
cuit. 

= variableR3 

Values in diagram are per-unit 

To find out what is the most critical condition, the 

change in current distribution caused by limiter heating 

was computed for this circuit. The computations were made 

for various values of R3 by the method outlined in Chapter 

III. 

Table B-1 summarizes the results of these computations. 

From this tabulation the following is apparent. 

a. If R3 is less than 4.0 P.U. there is danger of the 

wrong limiter blowing anyway because of accumu

lated manufacturing tolerances. 

b. If R3 is greater than 5.0 P.U. then the current 

through R4 will not exceed .5 P.U. during the blow

ing period, and there is no likelihood of R4 blow:ing 

first. 

c. R1 is not likely to be below 3.46 P.U. (5 ft. of 

No. 8 wire plus contact drops) in a practical cir

cuit. A higher value of R1 will result in less 

equalizing effect (See Fig . 6). 

LABORATORY TESTS 

To check the mathematics and to determine the effect of 
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l onger blowing times on parallel limiters, a parallel ar

rangement was set up and oscillographic measurements were 

made. 

Fig. B-1 shows the method of mounting the limiters for 

test. The alligator clips were used for voltage measure

ments, which are not of significance for this appendix. 

R1 and R2 are represented by lengths of No. 8 wire, shunts, 

and contact drops. The se resistances were measured by sub

stituting copper slugs for the limiters. 

The results of the parallel limiter tests are shown in 

Table B-2 and B-3. In Table B-2, a value of 5.17 P.U. was 

used for R3. In Table B-3, R3 was cut down to 4.01 P.U. 

From these tests it appears that the equalizing effect is 

more pronounced for blowing times of less than 0.1 seconds 

than it is for longer blowing times. 

Fig. B-2 is a typical oscillogram of the current through 

parallel limiters having unequal resistance paths. 



Let I1 =400 amps initially 2 
R = Ro e2.24 t (1;0)What happens when t = .045 sec.'? 

R1 i n creases in resistance to Rl' 
R4 increases in resistance to R4' 

I1 I2R3 R4' It 
P.U. P.U. Amps At t = 0 At t = .045 At t = 0 At t = . 045 

Amps P. u . Amps P.u. Amps P.U. Amps P.U. 

3.46 5.02 800 400 .50 400 .50 400 .50 400 .50 

3.6 4.70 788 400 .508 392 .498 388 .492 396 .502 

4.0 3.62 757 400 .528 374 .494 357 .472 383 .506 

4.5 2.91 725 400 .552 360 .496 325 .448 365 .504 

5.0 2.43 697 400 .574 350 .504 297 .426 345 .496 

6.0 1.93 655 400 .611 338 .515 255 .389 318 .485 

TABLE B-1. SUMMARY OF CURRENT DISTRIBUTIONS I N CIRCUIT FOR 
VARIOUS VALUES OF R3 (CALCULATED) 



Blowing Time, Sec. - ~ 1 .01 ·.0334 ~12 1.35 2·.2 11.15 11.34 

Oscillogram No. - Theoretical 130 136 139 145 182 155 181 

Il Initial P.U. It - .575 .584 .586 .552 .570 .575 .655 .574 

Final P.u. It - .503 .484 .490 .487 .501 .515 .521 .513 

I2 Initial P.u. It .425 .416 .414 .448 .•43 .425 .445 .426 

Final P.U. It - .497 .516 .510 .513 .491 .485 .479 .487 

3 • 6 p • u. 
Rl 

1 • 0 p.u. 
Rz 

I 
1 

Given: Circuit as shown. 30-Amp FIL Limiters 

--.1\1\fV Problem: (1) Does equalizing effect agree with 
.00454..n.. .00126....n... theoretical values?It 

(2) Is it more or less pronounced for long.00652Jl- .00126 -'2.. 
blowing times?R R4 

5.17 p.u. l.()p.u. Results: (1) Pretty close. 

(2) Less equalizing effect at long blowing 
tilnes. 

Note: I1 final and I2 final measured at instant be 
fore R2 blew. 

TABLE B-2. TEST RESULTS - EQUALIZING EFFECT OF PARALLEL LIMITERS WITH 
UNEQUAL RESISTANCE PATHS -- SUMMARY OF OSCILLOGRAPHIC 

DATA 



,Blowing time, Sec .... (.1 .0475 .046 1.025 1.79 10.38 

Oscillogram No. Theoretical 3 4 9 6 10 

I l Initial, P.U. It .528 .536 .529 .538 .512 .525 

Final, P.U. It .494 .487 .487 .488 .509 .496 

I2 Initial, P.U. It .472 .464 .471 .472 .497 .475 

Final, P.U. It .506 .513 .514 .512 .491 .504 

Rl 3.45 p.u. R2 1.0 p.u. Note: I1 final and I2 final measured at 
Il instant before Rz blew. 

I 

I2 

R3 4.01 p.u. R4 l.Op.u. 

TABLE B-3. TEST RESt~TS ~ EQUALIZING EFFECT OF PARALLEL LIMITERS WITH 
UNEQUAL RESISTANCE PATHS -- SUMMARY OF OSCILlOGRAPHIC 

DAT.t. 



Fig. B-1. Arrangement for measuring voltage drop across parallel limiters 
having unequal resistance paths. 
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osc..• 139 
lO AM It LIM IT!'RS 
TVN ,SL 
SILVE,_ CL·M~HT 

I, 

z~ 

E 

a.o,....• .ooraeA-:us~:us -
Fig. B-2. Osc1llogram of current through parallel

limiters having unequal resistance paths. 
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APPENDIX C - Tests of Limiters that had been Subjected to 

Near-Blowing Currents 

The determination of limiter damage from near-blowing 

current transients was not a major objective of this re

sear·ch project. However, since a supply of "used" Type FLL 

28-volt limiters was on hand and the test set-up was intact, 

it seemed desirable to run the limited tests described in 

this appendix to add additional useful information to ·lim

iter application knowledge. 

FEEDERS1 2 

43BUS LOAD 

5 6 

FAULT 

--
Type of fault that may leave 

udamaged" limiters. 

Most of these "used" limiters had been in parallel 

with limiters that actually blew. The above diagram illus

trates a typical case in which limiters 5 and 6 blew to 

clear a faulted feeder. Limiters 1, 2, 3 and 4 by present 

standards were considered damaged and hence replaced. It 

was these damaged or "used" limiters that were tested. 

All of the "used" limiters had their fusible elements 

intact and undistorted, i.e., the fusible elements had not 
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been melted or deformed. In some cases the plating had been 

discolored or blistered. The magnitudes of the current 

transients to which these limiters had been subjected are 

not known. 

These limiters were tested for blowing time. In gen

eral, it was found that the blowing time deviation from the 

curve (1, pp. 7-15) was not essentially different from that 

of brand new limiters. It must be noted that the "used" 

limiters are of older manufacture, whereas Ref. 1 applies to 

new limiters whose manufacture has been controlled to hold 

improved tolerances. For this reason the deviations tabu

lated on page 69 are qualitative only. These data do not 

indicate positive signs of damage caused by preheating, with 

the possible exception of some FLLC and FLLH samp~es. 

It would seem safe to say that a limiter is not damaged 

by current transients as long as the element is not dis

torted or discolored. 

COMMENTS ON TEST 

Limiter sizes tested were 

Designation Rating, Amps. 
FLLC 100 
FLLD 130 
FLLE 150 
FLLH 275 
FLLK 350 

In the following tabulation, the naverage current" is 

measured from properly calibrated oscillograms. The "time• 
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is the number of seconds the current flowed through the lim

iter. The "cur.ve current• is the current that is required 

to blow the limiter in the number of seconds in the "time" 

column if the limiter had blown in accordance with Ref. 1. 

The "percent deviation" is the difference between "curve cur

rent" and "average current". 

Limiters are supposed to be manufactured to a tolerance 

of ! 5% tolerance. They are currently being accepted if the 

measured tolerance is within 7%, which includes allowance 

for instrumentation errors. 
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"USED" LIMITERS FROM B-4 7 ADCKUP 

AMBI ENT - 86 F 

osc Limiter Average Curve Time % 
No. Size Current Current Seconds Deviation 

FLL- Amps. Amps. 

182 D 390 395 1.795 1.28 

183 c 385 360 1.44 6.95 
184 c 386 345 1.577 11.9 

185 E 515 512 1.095 0.59 
186 E 518 490 1.335 5.71 
187 E 519 485 1.395 7.00 
188 E 520 482 1.42 7.89 
189 E 511 510 1.16 0.19 
190 E 513 511 1.14 0.39 
191 E 539 510 1.16 5.67 
192 E 520 500 1.23 4.00 
193 E 513 560 0.92 8.4 
194 E 517 500 1.20 3.4 
195 E 515 550 0.96 6.37 
196 E 612 611 1.14 0.19 
197 E 516 545 0.995 5.3 
198 E 518 610 1.155 1.57 

201 H 764 735 2.535 3.95 
202 H 756 715 2.77 5.74 
203 H 749 670 3.44 11.8 
204 H 800 720 2.715 11.1 
205 H 800 692 3.06 15.6 

206 K 1128 1220 1.31 7.56 
207 K 1162 1200 1.375 4.83 
208 K 1152 1240 1.295 7.10 
209 K 1152 1280 1.20 10.85 
210 K 1152 1220 1.36 5.57 
211 K 1138 1220 1.34 7.53 

172 E 434 400 2.701 8.5 
173 E 432 440 1.40 1.8 
174 E 434 420 2.22 3.3 
175 E 434 490 1.325 11.4 
176 E 431 390 3.00 10.5 

177 c 354 352 1.49 0.568 
'178 c 353 310 2.03 13.5 
179 c 350 360 1.427 2.78 
180 c 353 317 1.936 11.05 
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APPENDIX D - Heat-Content Concept of Determining Damage 

to Limiters from Near-Blowing Current Tran

sients 

The traditional method of determining limiter heat 

content, and hence proximity to blowing temperature, is to 

assume that the limiter resistance is constant. The energy 

content of the limiter may then be computed on the basis of 

r2t. 

This method appears conservative and tends to indicate 

that the damage in unblown limiters is greater than actu

ally is the case. A more realistic approach would be to go 

back to the original formula, 

Heat = Watt-seconds = r2Rt 

The resistance of a limiter that blows in less than 0.1 

second under constant-current conditions is 

Rt = ekR0 I 
2 t k = constant for a given lim

Ro iter design 

Just before blowing, 

Rt = 4.2 for silver limiters 
RO 

= 5.2 for copper limiters 

Let us take for example a 30-amp. silver limiter that 

blows in less than .1 second, in which case heat losses from 

conduction, radiation, and convection are negligible. The 

limiter will be absorbing energy 4.2 times faster just be

fore blowing than it was at the beginning of the transient. 
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F ig. 9 illustrates the point. In this case both lim

iters have variable current, and the current was corrected 

every .005 seconds in the equation. Limiter R2 blows at 

. 04 5 seconds. On the basis of an r2t analysis, R4 has ab

sorbed 13.5 watt seconds. Actual energy absorbt i on of R4 

was only 10.4 watt seconds. 

The application of this philosophy to slow-blowing 

limiters, and hence limiters in general, would be justified 

only after more thorough analysis. Such analysis is beyond 

the scope of this research project. 




