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Electric rope shovels with capacities up to 100 tons (90.8 tonnes) and draglines with bucket 
capacities up to 160 cubic yards (122 cubic meters) are used for high production loading in surface 
mines. Due to the global demands for metals and power, mines are required to operate at full 
capacity. Mine operations cannot afford any critical assets to shutdown unexpectedly; 
downtime for a single shovel can be as much as US$500,000 per hour.
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E lectric rope shovels are one of the 
most critical assets in open pit min-
ing. They are very large, complex ma-

chines with DC or AC motors, multiple re-
duction gearboxes (some of them planetary) 
and multiple large rolling element bearings. 
This complexity, combined with the tough 
24/7 service, results in too much unplanned 
shovel downtime, which can affect the en-
tire downstream process.

Monitor or Wait for Shutdown?
Some mining equipment manufacturers and 
mining companies do not monitor the me-
chanical health of their many shovels, choos-
ing instead to wait for scheduled shutdown 
periods. One of the world’s largest manufac-
turers of above-ground mining equipment, 
P&H Mining, has chosen to monitor the 
health of their shovels on a regular basis 
using vibration analysis. For some time this 
was done using portable monitoring equip-
ment, but recently they have begun to do it 
automatically.

Why Vibration Monitoring Is Useful
A mining shovel is difficult to monitor be-
cause of its mechanical complexity. For this 
reason vibration analysis tends to be the best 
technology to determine its health. Vibra-
tion sensors can be attached at the bearing 

locations on the shovel’s complex gearbox-
es and motors, either for the duration of 
the test or put in place permanently. Analy-
sis of the signals from the sensors can iden-
tify lubrication issues, early bearing defects, 
early gear defects (Figure 3), alignment is-
sues, structural issues, manufacturing defects 
and more. With early detection of develop-
ing problems, maintenance actions can be 
planned with minimal production interrup-
tions, and minor issues can be corrected be-
fore they become major faults. If the analysis 

indicates that a major component will soon 
need replacement, there is enough time to 
make plans and order the replacement be-
fore a failure occurs.

However, an electric rope shovel is not 
an easy application for vibration analysis. 
The shovels are variable-speed systems with 
short cycle times, complex gearing arrange-
ments and high background vibration lev-
els − not to mention that they tend to be lo-
cated in some of the most remote places on 
the planet.

Figure 1. Electric rope shovels with capacities up to 100 tons are one of the most critical 
assets in open pit mines.
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First Application  
of Vibration Monitoring
P&H Mining Equipment was the first shov-
el manufacturer to successfully apply predic-
tive technologies and services to its electric 
rope shovels and other mining assets. This 
involved not only portable vibration analy-
sis, but also infrared examination, lubricat-
ing oil analysis and ultrasonic testing. 

From these service offerings grew the 
P&H MinePro service organisation. For the 
portable vibration analysis, MinePro used 
technology from Emerson Process Manage-
ment’s CSI Portable Technologies and Ma-
chinery Health Management (MHM) busi-
ness, including PeakVue® analysis software. 
This is designed to pick out and identify the 
high-frequency components of a vibration 
signal, which provide early indications of 
developing bearing faults. These include in-
ner and outer race defects, ball defects, lu-

people, the maintenance people, the on-site 
safety manager and specialised personnel 
where needed. It is not unusual to have to 
wait two weeks to get a shutdown scheduled.

If a vibration monitoring system could be 
permanently mounted to the shovel and op-
erate automatically it could gather informa-
tion as the shovel is operating, with no shut-
down. And it would not need to be sched-
uled in advance or coordinated with the pro-
duction department. 

Checking Out Online Monitoring
P&H MinePro decided to evaluate auto-
mated, online vibration monitoring. They 
selected Emerson to put a vibration mon-
itoring system on one of their 4100XPC 
shovels used at Chilean Copper Corpora-
tion (Codelco)’s Radomiro Tomic copper and 
molybdenum mine, located at an elevation 
of about 10,000 feet in the Atacama desert 
in northern Chile. This involved a CSI 6500 
Machinery Health Monitor that would con-
tinuously monitor the health of the shovel’s 
swing and hoist systems. Depending on user 
preference and the availability of resources, 
the data can be analysed on site or sent via 
satellite to P&H headquarters.

Acceptance of the automated system was 
contingent on the data it produced matching 
that obtained with the portable system. The 
first trial showed this to be the case.

How Online Monitoring Is Done
The online vibration monitoring systems on 
P&H’s Centurion® controlled shovels is inte-
grated to the shovel’s PreVail® Remote Mon-
itoring System to send vibration informa-
tion directly to P&H headquarters. A shov-
el will generally have one or two CSI 6500 
systems, one handling 24 channels and the 
other 48 channels, to monitor hoist, crowd 
and swing systems; a dragline may have as 
many as eight. 

Emerson’s AMS Machinery Manager is 
also installed on-board the shovel. Acceler-
ometers (the sensor of choice) are mounted 
to bearing locations on the shovel. Data is 
collected under the same conditions for both 
trending and analysis.

PeakVue is a measurement technique that 
detects and analyses stress waves using peak 
value analysis. It allows for early detection 
of bearing and gear defects by filtering out 
background and non-repetitive vibration to 

Figure 2. A failed gear can be 
detected through vibration analysis.

brication problems and any type of “impact-
ing” fault, where metal is contacting metal. 
PeakVue also provides early failure warn-
ing of those expensive gearbox components.

Vibration sensors are moved from point 
to point on various parts of the shovel and 
connected by portable data-gathering equip-
ment; during which the shovel is then oper-
ated through a consistent sequence of mo-
tions of the swing, hoist and crowd systems. 
This is done about once a month, and in-
volves taking the shovel out of production 
for two to four hours while it goes through 
simulated operation. 

Advantages  
of the Automated Approach
Planned or not, a shutdown is still a shut-
down and can cost up to a million US dol-
lars. In addition, sending personnel to mon-
itor the working parts of the shovel − which 
must be in motion during many parts of the 
data acquisition − raises safety concerns; for 
example, a common test procedure involves 
making the shovel rotate in a circle like a 
huge top for 20 minutes with two extra peo-
ple on board to do the monitoring. 

On top of this, simply planning for that 
monthly outage can be a herculean task, re-
quiring coordination among the production 

Figure 3. Vibration measurements on a shaft with rolling-element bearings. The top chart, 
in the frequency domain shows vibration peaks at the harmonics of the frequency at which 
the rolling elements pass any particular spot on the bearing’s outer race. These indicate that 
there is a defect on the outer race of the bearing, and it will soon fail.
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produce repeatable and trendable data. Doc-
umenting failure progression for bearing and 
gear problems and comparing them with rec-
ommended alarm levels makes it possible to 
determine the stage of failure and severity. 

The vibration levels in gearboxes and mo-
tors vary with speed and direction, so in or-
der to get meaningful data it is necessary 
to measure only when the shovel is making 
particular movements at particular speeds. 
For the CSI 6500 this is simply a matter of 
setting the equipment to watch for those 
conditions to occur and only then take da-
ta. This may mean that, out of perhaps 300 
cycles that a shovel completes in one eight-
hour shift, only three will meet the criteria 
for gathering data, but that is more than 
enough − especially compared to the previ-
ous once-a-month regime.

Staged Testing
There is also a stage test done once per shift, 
the operator will activate a switch to initi-
ate the test with the shovel’s PreVail con-
trol system which then operates the swing, 

crowd and hoist systems in a pre-set pat-
tern long enough for a test. This is general-
ly done during idle time (while waiting for 
a truck, for example), so it takes no produc-
tion time. When data collection is complete 
the system informs the operator.

On the first automatic vibration moni-
toring installation the system was able to 
trigger and collect data both during staged 
test and during digging operations. Repeat-
able data was collected at 1000 Hz/3200 
LOR (lines of resolution) each cycle dur-
ing dipper latching. The data was found to 
be repeatable. 

Payback  
and Future Plans
Results have been good. Data is now col-
lected more often than daily, with no out-
age needed, which means there is no lost 
revenue just to acquire vibration data (in-
stead, the scheduled outage can be used for 
true repairs).

The installed cost of a CSI 6500-based 
monitoring system for a typical mining 

shovel is on the order of US$200,000 to 
US$250,000, which is recovered when the 
first hour of unplanned downtime is prevent-
ed. Of course this depends on the material 
(ore and ore quality) being mined. 

Plans call for the vibration monitoring 
equipment to download its data wireless-
ly to a pickup truck parked nearby, which 
will then take the data back to the shop 
for analysis. And that same thing can hap-
pen via PreVail shipping the information 
back via satellite. Wireless communication 
systems continue to improve in the mining 
pit and will soon remove the pickup truck 
from the process, sending the data directly 
to the maintenance engineer’s desk. No us-
er has yet reached the point that it will al-
low the vibration analysis to automatically 
trigger a repair order, insisting that an ana-
lyst review it first. 

While artificial intelligence is progress-
ing, nobody is yet ready to allow the equip-
ment to make a decision that will involve 
shutting a machine down without having a 
human in the loop.   

 »The bucket excavator has 
been designed for overbur-
den mining in extremely dif-
ficult conditions on the Bili-
na mine. the material there is 
hardened by high compactness 
of the soil (caused by compres-
sion and the structure of grains 
in the minerals) and a con-
tent of microscopic admixture 
of diagenetic carbonate-sider-
ite around 3–7 %. this is rep-
resented by a high density (up 
to 2.2 t/m³) and high strength 
properties. it regards clays that 
are excavated with the highest 
difficulty in the current situa-
tion of the Most open-pit mine. 
the anticipated yearly perfor-
mance of the excavator is 10 
million m³ of grown earth.
the excavator has a classic de-
sign with a non-extensible arm 
of the bucket wheel and a tele-
scopic connecting bridge which 
rests on a supporting carriage 
equipped with a loading arm 

by which the excavated earth 
is transported to DPD. the ex-
cavating section and the car-
riage rest on crawler under-
carriages. Special attention was 
paid to minimizing vibrations of 
the superstructure when exca-
vating extremely hard sections.

the KK1300 consists of 
these main parts:
 › crawler undercarriage
 › Understructure
 › Revolving plate
 › Balancing weight
 › Wheel arm
 › connecting bridge
 › Support carriage
 › Electrical equipment, 
hydraulic equipment and air 
conditioning

Basic parameters of the 
KK1300 excavator:
 › length of the excavator: 180 m
 › height of the excavator: 53 m
 › Bucket wheel diameter: 13 m
 › Volume of the bucket wheel: 
1,300 l

 › Maximum width of the block: 
30–69 m 

 › travel speed: 2.5–10 m/min
 › Output of the bucket wheel 
drive: 2 x 1150 kW

 › Width of tracks: 2 m
 › Speed of the tracks: 4.1 m/s
 › total weight of the machine: 
4977 t
 › theoretical performance 
5500 m³ of loose soil per hour

 › Minimum cutting width 
during excavation 57 m

 › cutting height 30 m (without 
slab)

 › Depth of the cut (depth 
under the travel plane) 4 m

 › horizontal reach of the buck-
et wheel and the telescopic 
loading arm, maximum 191 m.

Part of the whole supply were 
cable cars. a cable car is used 
to provide electric power to 
the large-scale excavator from 
the power line powering point. 
in order to increase the dis-
tances of the large-scale ex-

cavator from the connecting 
point several cable cars can be 
connected serially.

the equipment is designed 
and constructed individually 
based on the specific require-
ments and wishes of the cus-
tomer (connecting voltage of 
the large-scale excavator, cable 
length) and it always reflects 
the specific conditions of the 
locations of deployment.
Each cable car consists of the 
undercarriage with the sup-
port frame and the super-
structure with a cable drum 
and the support structure in-
cluding the roof.   

The bucket excavator KK 1300 (Front cover page picture)
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