
DIPROVBD OUTAGB CONTBOL 
USING A NEW AND VNIQUB '1'BAN8IBNT RI.I'MINATOB 

ABSTRACT 

Outap control i1 an area of major c:mcem throueflout the 
cable televUion induatry, not only from the ltandpoint of 
maintaininc cuatemer rwenu.11, but al10 for iniUring reliability 
and lonprity ~CATV I)'IJ&em hardware. 

Power probl.ma can pique a CATV 1,..tem. Tranaient voltage 
lUre- and IPik .. induced by li,tltning 0'1" ca~ by llheath 
currenta and utility awitchina operatiooa are a very eerioua 
th~at te reliable cable l!yltem operation. 

Thi1 paper will deKrile a new method for protecting the 60 
voh plat. A diGen ueinc utnmely ~ Mmi-condudon to 
llhunt IAlrp currenta te eround. enablll ad:in and puaive 
devicN to become e..-.tially immune to da!UI8 cauaed by high 
voltap tranlienta. 

We will ~t the techntc.l resulta g{ i.nit.ial laboratory 
r-rch, u well u IICtual cable l)'lteiD teatL A driailed 
deacription ol how a;pik .. and IUI"JM an created in the CATV 
enyjran~t provides a b.ia for evaluatiac effect.iveneu and 
reli.bility af thi1 approech. Several illulltratiena aupportifll' th~ 
r-reh data are induded. 

Our papet" propoeea a unique eolut.ioft to aeveral of the 
c:mtllnponry problema facing all CATV l)'atem operaton: 
Out.p control, hardware proteeti011 and cultomer utiafaetion. 
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equipment ehan..-oot. 

"'Diaintarrinrefunde'f'I"Nnd plant Gr drivin&' fence 
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POWER PROBLEMS 
"'Black.outa 
"'Brownouta 
"'Sur&M 
"'Trarut:ienti/Spilr.ea (Dirty Power) 

EQUIPMENT FAILURE 
"'Semieoodu.ctor Heat Proetration 
*Catutrophic: Failure 

Apart from the otMoua, the frequent medlaniam of equipm~nt 
failure i1 caUII&d by ligiltning and dirty power. Note: Direct 
li&'htn~ hita, fortunately, are quite rue (and preventable). 
Amplifien and other CATV rquipment actually survive the 
!Mjority af IUJ"i81, apilr.11 and other tranllient phenomena; 
however, they are ir:ijured in the proee11 and •lowly deteriorate 
until they "unexplainably" die, causing a turprise outs~. 

OUIAGECONTROL 

During the apring and aummer months, many articles are 
publilhed on Outap Control. From these come ideu that 
provide 10lution1 to allevia~ elec:t.rically-related problem1. In 
,eneraJ, these referw~CH include: 

1) Drive unbonded ground• at aeparate pole1. Thia provides a 
divid..- network that drains-oft" some rX the energy under fault 
c:mditiona, but thM"e are limita. One-ohm grounds, which are 
created by couplin&'-up ground rodl (to 32 feet in depth) and 
hittini underrround water, do not comple~ly eoln the probl~m. 
Aleo, it lhould be noted that thi1 technique can crea~ )aJ"it! 
potential• ~tween conductors on the pol~. 

2) Bridge the amplilien with at Jea1t AWG 16 copper wire. Thi1 
ia intand..t to ahunt the approximate 1000 Amperea flowing in 
the atrand/cable durinc fault condition• and prevent a potential 
from developi.r~~ acroe1 the entire auembly, including input and 
output connector•. 

3) lnereaM fu.M ratinp incrementally. Thia ia eapeeially true 
where the equipiiMIIt i1 .w'f\eienUy robuat., 1uch u the aecondary 
at ferroruonant.-type, &0 Voh po-r auppli11 which are lhort
circu:it proof and "indeltrurlib!.e." 

4) Inltitute Outap Tracking, Quantifyini and Polt-Mortem 
Analyll1. A lltlp-by-lteJt ~re needa to be •tabli11\ed which 
providll e:ud. detaila g/ hew each type rX outqe ia to be 
llWlapd, who ia te be called, and un4er what eircumat.ncH. 
Thi1 type ofmanapment CAll 1\elp te recNe. outaee duratioft. 

5) Att.adl. IIW"p and apilte pralllem1 at the center-condudor. The 
oM, Jinaie-ttep, aale anti \..-1 Y&'J te o~me power-nlateci 
pnbietU when 0.. damap eecura, ia by u.in&' a fut-reiii)Cind.in& 
naaetJ, tnnliMRt ~-



THE CRQWBAR APPROACH 

During the summer of 1986, I rec:eived a call from a 1000-rnile 
system in Virginia which was repeatedly receiving electrical 
storm damage. This was a sizable county system and spread over 
a very large area. It was possible to determine the broad path of 
storms as they moved through the system by the trail of burnt 
fuses and modules left. in their wake. The problems were further 
compounded by the fact that the power tended to be intermittent 
during the storms, as well as losing regulation. Fortunately, the 
power company was able to provide valuable information for the 
study. In the case of the direct influence of the storm, lightning 
would strike the primary, arc-over to the sec:ondary/neutral and 
be followed by as much as 10,000 Amperes of AC fault-current 
flowing back to the substation. This traveled by whatever route it 
could find, for as long as 160 milliseconds, before the substation 
breaker could stop the flow. It was discovered that the fault
current was divided· about equally between neutral and 
strand/cable, which was then equally divided again between the 
strand and cable. This gave rise to a cable sheath-current in the 
order of 2,500 Amps. It's not surprising that their amplifiers and 
fuses were blowing. (See figure 1) 

r--

13 KV 

T 
UGHTNING 

rn PROTECTORS 
NEUTRAL 
110 v 
110 v 

CATV 
TELEPHONE 

POWER .[ 
..... 

SUPPLY 
>---

Rl 1 OHM TO SUB-STATION 
GROUND ROD 

~ 

Figure1 

Even oil normal, calm days during low-loading in residential 
areas, there will be at least 5 to 10 Amperes or more flowing in a 
strand/cable. It's an eye-opening experience to go around a plant 
with a clip-on ammeter and take strand/cable current-flow 
readings. Frequently, it is the areas with high, idle-currents that 
blow the plant away. 

When contemplating the magnitude and duration of the11e 
currents, it is easy see why the small, ionized spark-pp pellets 
are inadequate for this type of service. They will either blow 
open, or closed, under prolonged high-current over-voltage 
conditions. When they are open, a false 11enae of security is 
created. When shorted, they are difficult to find and fix. 

Since I had no access to a lab, I asked Torn Oaterman at Alpha 
Technologies to build several heavy-duty transient-protection 
devices into power inserters. In my opinion, it was neceasary to 
design a circuit capable of taking damaging fault currents to 
ground for several AC cycles. To be effective, the device required 
a response time of leu than one rnicro11ec:0nd. Trying to remove 
the transients by clipping, as in the case of M.O.V.'1 and zener 
diodes, wasn't acceptable due to the high I2R lo1ses and low 
power dissipation capabilities. The best approach was to 
overcompensate for the energy rise by shunting everything, 
including the 60 Volt power supply to sheath groqpd. 

Some purists may ask ''What happens to the active devices 
during the three or four cycles when peak voltage is near 0?" The 
answer is that the power supply certainly doesn't care and the 18 
to 22 Amperes that it can deliver to the semi-conductors is 
insignificant, compared to the main Burge corning directly down 
the coax. 

As for the active devices, they will typically stay up for 
approximately 100 milliseconds, by which time, a four to five 
cycle surge has ended or the power company breaker has 
terminated the surge; in which case, the question becomes 
academic. Standby power is available and full voltage will be 
returned on the first half-cycle when the fault overvoltage has 
ended. At worst, customers may see a one-frame roll. Is this not 
better than burnt fuses and modules, outages of an hour or more, 
and above all, techs performing repairs under inclement 
conditions? 

The final requirement of this device was to insure high
reliability. The solid-state components would have to be 
extremely rugged and offer an almost indefinite life span, unlike 
MOVs with their ultimately self-destructing, tunneling 
phenomena. 

Of the four units that we made for the Virginia system, one 
was installed directly in the storm path. No more damage was 
sustained in that area during the next five successive storms of 
the season. Interestingly, the plant surrounding and acljacent to 
the crowbar-protected plant was severely damaged as before. The 
second unit was installed in a pedestal enclosure at a new 
development where the 15 Amp supply was loaded to only 2 
Amps. Everything connected to the power supply was being 
wiped out with every storm. After installation of the modified 
power inserter with the crowbar circuit, there have been no more 
problems on that leg. 
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I kept one unit and sent the other to a cable lab in Florida 
where they tried to test its survivability. Lab boss, Rick Miller 
put a flash capacitor charged to 1,500 Volts onto the device, which 
dissipated the energy without damage. Other tests included 
putting 120 VAC from a Variac into a crowbar unit, but the 
Variac got hot and repeatedly blew its fuse. Next, they applied 
120 VAC from a 20 Amp breaker into it. The breaker tripped, but 
the device was unharmed. In desperation, we put 220 VAC on it 
from a 40 amp breaker. Again, the device sustained no damage. 
That was the extent of testing they could perform with their 
limited resources. After some minor improvements to the design, 
we sent one of the newer models to a system in Little Rock, 
Arkansas, experiencing a problem with very dirty power (VDP) 
coming from an adjacent, high-voltage power switching center. 
Fuses and equipment were blowing repeatedly. After installing 
the crowbar, no more equipment was lost, but fuses still blow on 
occasion. It may take two of the devices, several spans apart, to 
completely eliminate the problem. Fortunately, a power inserter 
with the crowbar circuit can be dropped-in anywhere; you don't 
have to actually insert power! 

By this time we had missed the rest of the 1987 storm and 
lightning season. Since then, we have installed a few Crowbars 
in Central Florida (The "Lightning Capital" of the USA), awaiting 
the summer storms of 1988. It was then up to Tom at Alpha 
Technologies to perform the more sophisticated testing and 
analysis. 

TESTING AND ANALYSIS OF THE "AMP CLAMP" 

Identifying the exact nature of transient phenomena and 
developing a fail-safe solution required re-thinking the age-old 
problem of power protection. Following some of Roy Ehman's 
suggestions and practical field expertise, we approached the 
development of the "Amp Clamp" from the ground up. 

Transients can occur randomly, or repeatedly. Repeatable 
transients, such as commutation voltage spikes, inductive load 
switching, power factor correction, etc., are easier to observe and 
eliminate than random disturbances. In the CATV AC power 
environment, transients can sometimes be traced to local 
industrial operations where large motors, compressors, welders, 
and other forms of heavy electrical equipment conduct dropouts, 
or produce "load dump" inductive-voltage flybacks onto the AC 
power line. 

Most ferroresonant-based CATV power supplies will do a 
consistent job of protecting their AC loads from damage. 
Excellent common mode rejection and spike attenuation is 
inherent in the ferroresonant transformer topology. With most of 
the repeatable utility AC transients filtered out by the CATV 
power supply, the focus shifts to random events, such as 
lightning-generated transients on the CATV cable. 

The device we developed to provide the voltage-triggered, low 
impedance short circuit to ground, consists of two, high-current 
SCRS (Silicon Controlled Rectifiers) connected in opposite 
polarity across the center conductor and sheath of the CATV 
cable. The most effective, and convenient, location for this device 
turned out to be inside of a standard, Jerrold Power Inserter 
which provides a weather-proof enclosure, as well as access to the 
cable conductors. (See figure 2) The SCR's are triggered into 
their conduction state by a voltage sensitive, bi-directional trigger 
diode. The diode provides a fast voltage level-sensor that gates 
the proper SCR into conduction which corresponds to the polarity 
of the voltage transient presented to the circuit. (See figure 3) 
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The SCR's have a steady-state current rating of 35 Amps and a 
one-cycle (8ms) pulse rating of 500 Amps. When an SCR is 
triggered iqto conduction by a voltage spike exceeding the 
threshold of the trigger diode, it will conduct current only until 
the current source falls close to zero. On the next AC half-cycle, 
the SCR that was conducting will become reverse-biased and tum 
off. If the transient re-occurs during this half-cycle, the opposite 
SCR will conduct until zero cross. (See figures 4 - 7) 

The SCR's are extremely rugged devices in the pulse current 
mode. Voltage spikes will be clamped to ground without 
damaging the SCR because of the limiting effect of series 
resistance and inductance between the voltage source and the 
clamp circuit. This reactance will limit the maximum current 
flow through the clamp circuit. It's important to note that there 
is a forward-conduction voltage drop of 1.8 Volts across the 
device. 
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Figure 3 
Amp Clamp schematic diagram. 
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Figure 4 
Normal 60V power supply output waveform. 
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Figure 5 
60V power supply output waveform 

with 400V transient applied. 
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Figure 6 
Enlargement of clamp action 

(from figure 5 ). 
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Amp Clamp subjected to 120VAC 
Note: Trigger point and resulting 

clamp to ground. 
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Equivalent Cable Circuit Description 

The minor diaadvantage of this circuit is the phenomenon 
called "power follow". Once the clamp is triggered into conduction 
mode, current provided by the local AC power supply will be 
clamped close to ground, a8 well a8 the fault current. This will 
cause a maximum AC interruption of 8.3 milliseconds or 112 cycle 
(60Hz). This occurrence will not hann any ferroresonant-type 
power supply and will not cause most trunk amplifiers to drop out 
due to the approximate 100 milliseconds of "hold-up time" 
resulting from the large DC input filter capacitor located in the 
internal 24 VDC power supply. 

To fully test this device.and determine its effectiveness and 
survivability, we embarked on a program of component stress 
analysis and "real world" transient simulation. In the fall of 
1987, we took several prototypes to an independent high-current 
test laboratory for IEEE 587 surge voltage protection compliance 
testing. We used a Keytek high energy surge generator to 
produce surges specified by IEEE 587, Part A (6,000 Volts - 200 
Amps) and IEEE 587, Part B (6,000 Volts- 3,000 Amps). Other 
aspects of our test program included direct connection to 40 Amp 
220 VAC power circuits, high current discharge from multiple 
capacitor banks, continuous operation in conduction mode at 30 
Amps, and thermal cycling of the clamp components. With 
repetitive hits, we were unable to cause a single failure to ANY of 
the active components in the power inserter or the Amp Clamp 
circuity. The unit clamped the high energy spikes faster and with 
a lower amplitude than any of the M.O.V. surge arrestors that we 
took along for comparison! 
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One unique feature of the circuit layout is the press-fit 
heatsinking of the SCR's to the die-cast power inserter case. Any 
potential heat generated by the fault current flowing through the 
SCR's is quickly dissipated by the large mass and surface area of 
the power inserter case. This function minimizes the thermal 
stress on the SCR's when they are conducting, thereby greatly 
increasing the reliability of the device. 

As a result of this new design, transients can be quickly and 
safely clamped to ground, thus protecting active and passive 
devices in the CATV system, without interruption of service or 
degradation of equipment. To date, the feedback from system 
operators that have installed Amp Clamps in areas that 
consistently experience outages and equipment damage due to 
lightning strikes has been very positive. 

The "Amp Clamp" (See figures 2 and 3), can be easily built in 
time to protect your plant from this summer's storms. This is an 
exciting application because of its significant contribution to 
industry-wide outage control. 
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