Acoustic Emissions
in Predictive Condition Diagnostics
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In the application delivered to Outokum-
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pu, a piezoelectric crystal that is the most
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technology has developed into a tool
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for predictive condition diagnostics.
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ventional
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Acoustic emission (AE) is a technology

measurements,

the

operating

using the very susceptible piezoelectric crystal, which senses high frequencies to produce an electric signal. The crystal direct-

ACU system operating diagram, Outokumpu,Tornio, Finland Sendzimir rolling mills.

ly converts high-frequency vibration to an
electric signal.
The ACU measurement unit developed and
manufactured by ANDRITZ is completely
remote-controlled and serves as a complete
diagnostic solution.The signal produced by
the piezoelectric crystal is ﬁrst processed in
analogue form; it is ampliﬁed and ﬁltered in
the manner chosen.
Afterwards, the signal is converted to digital form and can be upgraded through any
known method. The sampling frequency
and data processing capacity of the ACU
unit is dimensioned to cover all requirements.
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onal techniques cannot be utilized or where

riencing high maintenance costs. In these

Typical AE applications include difﬁcult-to-

a desired ﬁnal result has not been achieved.

cases, previous concepts were not able to

reach locations where it is necessary to ex-

Many of our applications have been made-

achieve successful predictive condition mo-

tract the signal through a conveying struc-

to-order for a customer requiring a perma-

nitoring, often because of a slowly rotating

ture from a very long distance. At best, tens

nent solution and savings in locations expe-

piece of equipment and/or a slide bearing.

of bearings are monitored using one single

Applications of the AE technology

tion that rolls the strip thinner and thinner

experience of different techniques for the

at the Outokumpu steel works in

for each pass. To reach the required thick-

monitoring of critical rolling mill bearings

Tornio

ness, the steel strip must be run through

and, of the tested techniques, it was the

the rolling mill in several passes. After rol-

ACU technology based on Acoustic Emis-

ling, the roll goes to further handling.

sion that best met the requirements. The

The Outokumpu steel works in Tornio has
a long experience with the ACU technology

AE system was ﬁrst taken into use in con-

based on acoustic emission delivered by

When handling a hard product that is dif-

dition monitoring at the Sendzimir rolling

ANDRITZ. This technology is applied at the

ﬁcult to form such as stainless steel strip,

mill 3. Later on, the system was expanded

RAP5 line and at the Sendzimir cold rolling

strong static and dynamic forces are di-

to also include the Sendzimir rolling mill 1

mills, among others.

rected towards the rolling mills. The forces

and SZ 2. At the RAP5 line, the AE techno-

required for the forming create considera-

logy was taken into use in 2004.

RAP5 line

ble stress on the mechanics of the rolling

The RAP5 line integrates the most cen-

mill. In addition to that, the vibration gene-

In connection with the modernization of

tral partial processes of the stainless steel

rated by the process and the low-viscosity

the Sendzimir AE system in 2010, beneﬁts

cold rolling mill: cold rolling, annealing, and

roller oil used in forming pose their own

could be derived from the jointly achieved

pickling. The RAP5 line comprises a three-

challenges to the chosen electrical compo-

long-term experience. Andritz provided

high tandem cold rolling unit, a continuous

nents.

the required additional training and start-

annealing/pickling line, and a ﬁnishing mill.

up support. The Outokumpu staff handled
The above mentioned issues pose require-

the installation of the ACU measurement

The annealing/pickling line comprises both

ments of their own on the underlying tech-

units, the trimming, and the adjustment of

electrolyte and mixed acid pickling. Depen-

nology and the maintenance of the rolling

the warning/alarm limits. The alarms were

ding on the requirements of the customer

mill. Hence it is very important to get an

taken into use immediately; hence, there

or the applications, the products are ma-

indication of imminent bearing damage at

was no break in the condition monitoring

nufactured in one single processing pass

as early stage as possible – an unexpected

in connection with the modiﬁcation of the

or in two processing passes. The ﬁnishing

interruption to production can result in long

system.

and stretch leveling rolls are located at the

production breaks and expensive damage

end of the line and are mainly used in the

to the machinery. At best, a bearing da-

Advantages achieved

second manufacturing pass.

mage is detected in good time, and all that

by using acoustic emission

then needs to be done is to change the da-

Outokumpu has eliminated sudden be-

maged bearing to a new one.

aring damage almost completely; the ex-

Sendzimir cold rolling mill
The Sendzimir cold rolling mills are located

ceptions have been in the form of unex-

in cold rolling mill plant 1. At the Sendzi-

Condition monitoring

pected problems posed by the material.

mir cold rolling mill, the steel strip is fed

of critical rolling mill bearings

Along with the condition based change of

from the feed coiler through the rolling mill

The use of AE in the rolling mill predictive

bearings, the production time has increa-

to coiler 2 and from there back to coiler 1.

condition monitoring was initiated in 2003.

sed and the costs of breakages have been

Between the coilers is the rolling mill sec-

The maintenance people had previous

reduced.
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AE measurement unit. Despite the rapid

rings and therefore it is necessary to register

system with state-of-the-art ACU technolo-

correction of the primary problem, new in-

the signal from a longer range through the

gy. We had updated the RAP5 system pre-

sights are being learned all the time and the

transmission of the rolling mill structure.

viously.

Implementation

The system installed in 2003 generated one

and use of the AE system

parameter per second. The state-of-the-art

Installation of a

The bearings to be monitored and the instal-

technology produces 100 parameters for

rolling mill is demanding

lation modes of the AE measurement units

every second as a standard. Additionally,

A rolling mill condition monitoring project

were determined by utilizing the experience

the ampliﬁcation and ﬁltering technology

can be classiﬁed as more challenging than

gained by both parties. The AE system is

and the signal processing have also been

most. There are vibrations, limited space,

always in operation, producing simpliﬁed

improved.

ﬂuctuating temperatures and, during ope-

data on a trend curve that reveals unwan-

ration, sensors are partly under continuous

ted discrepancies in the bearing operation.

The new ACU system is integrated in the

exposure to rolling-mill oil—a highly pene-

The length of the monitoring period can be

data network of the mill and AE data is

trable type of oil. Additionally, some places

freely chosen by the user.

available to all users via a browser. The

advantages to customers continue to increase as more experience is achieved.

bearing-speciﬁc limits set within the system

are difﬁcult to access. It is hard to forget the
descriptive and humorous comment made

In addition to the AE data, the condition

provide warnings and alarms. The messa-

by the head of our ﬁrst AE project about his

monitoring personnel also have plate qua-

ges are sent to the users as plain language

ﬁrst installation: “Only the bottoms of our

lity data and rolling mill running data at their

text in the manner required—as text messa-

safety shoes were visible on the gangway.”

disposal. This data has a direct effect on the

ges to cell phones, as e-mails, and via the

bearing loading and is important for making

mill’s data network direct to the systems of

The most demanding bearings to be moni-

the right diagnosis. It is also possible to set

the mill. ANDRITZ handles the normal main-

tored are located on the standing axis inside

bearing-speciﬁc alarm limits in the AE sy-

tenance of the system level remotely. Con-

the rolling mill and their only lubricant is rol-

stem.

trols and adjustments are conducted by the
mill personnel.

ling mill oil mist. Oil is not primarily designed
for the lubrication of the bearings, but for

Development during 2003 to 2010

the needs of the milling out. Hence, the oil

At the end of 2010, we updated the mea-

has a low viscosity. Additionally, no measu-

surement points of the Sendzimir rolling

ring unit can directly be taken to these bea-

mills in the cold rolling mill and the entire

This article originally appeared in the Finnish publication, Promaint Magazine, in January 2011.
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