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Abstroct-Overhead electric power lines present a serious 
electrocution hazard to personnel in a variety or industries. 
Overhead lines, typically uninsuJated condu~tors supported on 
. towers or poles, are the · most common means or electric power 
transmission and distribution, and are exposed to contact by mo­
bile equipment such as cranefi and trucks. Equipment contacting 
energized overhead lines becomes elevated to a high voltage, and 
simultaneous contact by personnel or the ''hot" frame and ground 
can cause serious electrical shock and bums. Industries where 
risk or these accidents is greatest include construction, mining, 
agriculture, and communications/public utilities. An estimated 
2300 accidental overhead line contacts occur each year in the U.S. 
·This paper descn'bes a.practical low-cost concept to detect actual 
contact or mobile equlpme1.c1,t with a high-voltage line and provide 
a warning. Accident statistics indicate that more than half or the 
fatalities could be prevented·~y such a device. 

Index Terms-Crane, electrical shock prevention, engineering 
control, mining, mobile equipment, power line. 

I. INTRODUCTION 

0 VERHEAD electric power lines present a serious elec­
trocution · hazard to pe~_DJ!el _i~ a variety of industries. 

Overhead lines, typically uµinsulated conductors. supported on 
towers or poles, are the most common means of electric power 
transmission and distribution, and are exposed to contact by 
mobile equipment such as cranes and trucks. Equipment con­
tacting energized overhead lines can become elevated to a high 
voltage, and simultaneous ~niact of the "hot" frame and ground 
can cause serious electrical shock and burns. Industries where 
risk of these accidents is greatest include construction, mining, 
agriculture, and communications/public utilities. An estimated 
2300 accidental overhead line contacts occur each year in the 
U.S. [1).1 . 

Construction activities present the most obvious potential for 
line contact accidents, and a recent study estimated that in 1993 
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..,. 1Thc estimate of2300 line contacts per year was generated from 1994 OSHA 
data for all industries, and includes any contact of overhead lines, for example. 
ditect contact by a person. handbcld items, ground ladders, and scaffolding, in 
addition 10 mobile equipment 

alone, at least 26 electrocutions in this industry were a resu 
of heavy equipment or hoisted loads contacting overhead line 
Mobile cranes (including boom trucks) were involved in mo 
of these incidents (57% ), with drill rigs (8% ), dump bed trud 
(7%), and manlifts (7%) also common (2). It should be note 
that this summary likely understates the extent of the problen 
due to reporting and data collection methods, as well as tr 
omission of accidents resulting in nonfatal injuries. Detaile 
and more comprehensive statistics are available for the minin 
industry, which represents a smaller work force than the co, 
struction industry, but has a similar electrocution rate, and Ii~ 
construction uses heavy equipment extensively. From 1980 t 

1997. at least 94 mobile equipment overhead line contact ace 
dents w~re reported in the U.S., mining industry, with 114 ir 
juries, 33% of them fatal. Most involved cran~s (47%), dum 
bed trucks (24%), and drills (14%). 

Il. BACKGROUND 

Investigations into possible means to prevent injuries cause 
by contact between power lines and cranes date back at lea , 
28 years. In 1980, the U.S. Bureau of Mines contracted wit 
the Southwest Research Institute (SWRI), San Antonio, T 
(3), to study commercial devices sold to protect crane operato, 
from contact with overhead high-voltage ·lines. SWRI acquire 
and tested three commercial devices. The proximity warnin 
devices, as they were generally known, all purported to war 
against impending contact with power lines. The SWRI phase 
report concluded (3, p. 10]: 

However, all of the devices tested and, in fact, any prox­
imity warning device based only upon electrostatic field 
sensing will fail to alann reliably under certain configura­
tions of multiple power line circuits. 
Other common prevention techniques are discussed in 2 

CFR 1910.333(c)(3) and 29 CFR 1926.550(a)(l5) (4), [5 
These include deenergizing lines, maintaining appropria1 
distances from energized lines, use of an observer t~ warn th 
operator of impending contact, and barriers to prevent physic, 
contact with an energized line [41-(6]. · 

One technique, the use of insulating links in the load line, at 
tempts to prevent injury once contact has been _made. Analys 
of the properties of these links [7] show they can greatly ii 
crease worker safety. However, surface contamination and moi~ 
ture can reduce their insulation resistance and workers who cor 
tact parts of the crane other than the load will not be protecteci 
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Fig. 1. ·Schematic of a power line contact. 

The technical approach in this paper assumes that contact 
with a power line has occurred. The question was whether or not 
electrical currents flowing through a vehicle in contact with a 
high-voltage source could be practically detected and trigger an 
alarm. The alarm would then warn the operator and bystanders 
that the vehicle ·is a senous electrocution hazard and should not 
be approached ( or dismounted by the operator). Clearly, victims 
in contact with the crane or a conductor electrically connected 
to the cran~ (c01_1troJ peild~ilt or Joad lµi.~) at the instant of·~on~ 
tact with the power line would not be protected: ·· · ·· 

Two databases of electrocutions were analyzed. The National 
Institute fo.r Occupational Safety and Health (NIOSH) does 
detailed investigations of fatal accidents through its Fatal 
Assessment and Control Evaluation pro~ (FACE). Forty 
accidents involving crane electrocutions were investigated 
between 1982-1994 {8]. Of these fatal incidents, 20% could 
have been prevented with a contact alarm system. A second 
analysis showed that 55% could have been avoided through a 
combination of insulating load link and a contact alarm. The 
second database was the Mine Safety and Health Admiitistra­
tion' s (MSHA's) Part 50 mining injury and illness database.2 
From 1980 to 1997, there were 89 mobile equipment/overhead 
line accidents that resulted in injury. 0( . these, 73 incidents 
had sufficient information to evaluate the utility of a "contact 
alarm." A conservative estimate is that 56% of the victims could 
have been saved with such an alarm. Again, a second analysis 
showed that the contact alarm coupled with an insulating 
link could have saved 77% of the victims. NIOSH [5, p.2] 
reports that at least 15 people are electrocuted each year from 
contact between cranes or similar vehicles and power lines. 
The implication is that this device coupled with an insulating 
link could save eight or more lives every year. 

ill. ExPERIMENTAL APPROACH 

Fig. I shows that, in the event of line contact, current can 
flow from the power line through the vehicle to earth. via the 
vehicle's ground contact, and back to the grounded point of the 

2MSHA is required by law to maintain detailed injury statistics for the mining 
industry and publishes its results quarterly as the MIM Injuries and Worbime, 
Quarterly ' 
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Fig. 2. Schematic representation of the tests done at LLL. 

source transformer feeding the lines. To gauge the feasibility of 
a contact alarm, it is necessary to learn more about how the elec­
trical current flows within tlie vehicle framework from thei~e­
to the earth. Specifically, the question that needs to be answered 
is whether a signal derived from the vehicle can be used to alarm 
those nearby. A realistic experimental protocol involves the ap­
plication of voltages, of the same order of magnitude as power 
lines, to vehicles representative of those involved in fatal inci­
dents. Experiments of this nature are potentially hazardous and 
must be done at an isolated location. Consequently, all field tests 
were conducted at the Lake Lynn facility of the Pittsburgh Re­
search Laboratory (PRL). 

The Lake Lynn Laboratory (LLL) [9] is located approxi­
mately 14 miles south of Uniontown, PA, on the border with 
West Vuginia. It encompasses about 400 acres and a fonner 
limestone mine, now used for fire and explosion research. The 
remote surface facility features a variety of test beds at the base 
of a highwall including grassy fields, gravel roads, and a quarry 
floor. In addition, mobile vehicles similar to those found on 
mining and construction sites are available for the tests. 

To ensure that test currents through the earth did not pose 
a hazard to personnel working nearby, it was necessary to de­
vise a test circuit that was electrically isolated from the utility 
distribution at Lake Lynn. This was best accomplished using a 
portable gasoline generator as the test power source. As shown 
in Fig. 2, this 120-V, 2.3-k VA generator was connectecf to a vari­
able transformer and a step-up transfonner to provide test volt­
ages ranging from O to 950 V. In the experiments to follow, this 
output was connected to the vehicle under test and to an earth 
grounding electrode to simulate the grounded point of a ~urce 
transformer. A partially buried I-beam at Lake Lynn was se­
lected as the grounding electrode for the experiments. As shown 
in Fig. 2, this electrode will exhibit a measurable resistance to 
remote earth. Using a three-point fall of potential method [IO], 
the resistance to remote earth from this ground electrode was 
measured at 8 and 12 n under wet and moist conditions, re­
spectively, across the grassy area. 

Also shown in Fig. 2, the vehicle contact with earth will ex­
hibit resistance. This resistance is directly related to the resis­
tivity of the underlying earth, the area of contact or footprint [ 11] 
and, indirectly, to the force ofthe contact The earth resistivity 
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TABLE I 
MEAsURED GROUND REslSTIVITY FOR THREE TEsT AREAS AT LLL 

GnwyArea Gravel Road Quarry Floor 

Moist 9,521-18,605 ohm-cm 14,402-37,245 ohm-cm NIA 
Condldons 

Wet 5,800-15,960 ohm-cm 10,704-21,293 ohm-cm 51,755-100,0JI ohm-cm 
Condldons 

Typ~ Clay soils - Sand and gravel - Surface limcstonc -
Handbook 200-10,000 ohm-cm 5,000-100,000 ohm-cm 10,000-1,000,000 ohm-cm 
Valaa 

Fig. 3. Pettibone crane at ui.. 

Fig. 4. illustration of Pettibone crane measurement points. 

was measured using the four-terminal method [5, p. 8]. Three 
potential vehicle test sites at Lake Lynn were evaluated under 
both moist and wet conditions: 1) a grassy area representative 
of unbroken soil covered with grass; 2) a road covered with fine 
crushed slag, typical of an improved. temporary road surface; 
and (3) a quarry floor consisting of limestone bedrock, sparsely 
covered with loose soil and· rock debris. The measured ground 
resistivities and typical handbook values [5, p. 8] are shown in 
Table I. 

Next, two vehicles commonly involved in line_ contact inci­
dents were selected for the tests. The first vehicle, a Pettibone 
MultiCrane, Model 15, 8-t maximum capacity (Fig. 3), estab-

Fig. 5. Ford F800 single-axle dump truck at U.L. 

Fig. 6. illustration of Ford F800 measurement points. 

lished ground contact through four rubber tires or through four 
hydraulically deployable steel stabilizers. Each stabilizer had 
approximately an 18-in x 20-in footprint when in contact with 
the ground. · 

There are a variety of locations on a crane which may make 
contact with an energized line and affect the resultant current 
flow. To facilitate connection with the test voltage, 3/8-in-di­
ameter threaded studs were welde4 on the vehicle at locations 
shown in Fig. 4 (except for A and G on the load line itself). 
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Fig. 7. Shunt currcn1s for Ford F800 1ruck wilh bed in up position. 

The second vehicle used in the test program was a Ford F800, 
single-rear-axle dump truck, with dual rear tires (Fig. 5). The 
most common hazard scenario for this vehicle is overhead line 
contact while raising its bed or moving with the bed up. There­
fore, all measurements on this vehicle were made with the bed 
in the raised position. 

The drawing of Fig. 6 shows the points on the dump · 
truck where voltages were applied and current measurements 
recorded. 

IV. RESULTS 

A. Ford F800 Dump Truck 

The drawing of Fig. 6 shows the points on the dump 
truck where voltages were applied and current measurements 
recorded. In-general, voltages were applied to point A and cur­
rents were measured using an ammeter or a current transformer 
(CT) on a #2 AWG cable connected between points A and 
B. When parked on grass-covered soil, the F-800 dump truck 
exhibited total current flows as high as 250 mA as measured 
with an ammeter. Measuring from point A to point B showed 
considerable current. flow in a shunt wire from A to B. This 
connection bridged the bed pivot point 

Measurements made when the truck was on the quarry floor 
are an order of magnitude lower. The small current is character­
istic of the F800' s tires on a hard, dry limestone surface. Scaling 
the applied voltage to more typical power line voltages will yield 
currents that are easily used to trigger an alarm when power 
line contact is made. Representative measurements made on the 
three terrains are shown in Fig. 7. 

B. Pettibone Crane 

Measurements on the Pettibone crane consisted of both direct 
readings taken with ammeters and voltmeters and measurements 

taken with CTs. Measurement points on the Pettibone crane, 
shown in Fig. 4, are as follows: 

A end of wire rope; 
B end of boom; 
C end of main section of boom; 
D base of main section of boom; 
E boom support; 
F vehicle frame; 
G base of wire rope. 

Measurements established how much current would flow in 
the Pettibone crane under various circumstances. The stabilizer 
down deployment represents the most common working pos­
ture for the Pettibone crane and its best contact with ground on 
typical soils. Current and voltage were applied and measured at 
various points during the course of the experiments and repre­
sentative results for the three terrains are summarized in Fig. 8 . . 

V. CONCLUSIONS 

Experiments on two vehicles resting on three types of terrain 
revealed that measurable currents flowed through the vehicles 
to remote ground without any special vehicle-to-ground con­
tact This was true at moderate voltages I~s tit~_ L®O V and 
ground resistivities from 6000 to 100000 O·cm. Further, it was 
found that the v~hicle was far from an equipotential surface and 
it was relatively easy to find points at different voltages. This 
allowed currents to be measured by simply shunting two con­
venient points on the vehicle and monitoring current flow with 
a current transformer. The magnitude of the measured currents 
was sufficient to allow relatively inexpensive techniques to de­
tect them and trigger-a warning signal. The experiments proved 
conclusively that a simple warning device was feasible and po­
tentially highly effective in preventing electrocutions associated 
with power line contact Based on these results, a Report of In-
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Fig. 8. Shunt currents for Pettibone crane with stabilizers down. 

vention (EIR no. 1-031-98/0-High Voltage Alarm System) was 
submitted. 

VI. F'UTURE WORK 

The experiments carried out between April 13, 1998 and July 
31, 1998 proved that a high-voltage contact alarm is feasible. 
Two important issues remain unresolved: I) the problem of de­
signing failsafe circuits in the presence of high voltage, and 2) 
the effectiveness of the concept in environments such as asphalt 
or concrete roadways. Other issues that will be addressed if ap­
propriate test vehicles can be found are: I) the effect of tire age 
and condition on current flow, and 2) mechanical difficulties 
with attaching cables for current measurement between moving 
sections of vehicles. The research team at PRL proposes to con­
tinue its work to answer these questions, with the result being a 
working model of the high-voltage alarm. 
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