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Service
solutions

Title picture 
A new software being developed by ABB can 
improve maintenance scheduling in industrial 
plants.

A look at what is to come

Improved service can mean different things to different customers, and therefore 
ABB’s corporate research centers around the world take a multidisciplinary 
approach to developing service solutions. Three research projects in particular  
are addressing different customers as well as different aspects of the service 
solution focus area. These are described on the following pages.
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SLEMAn SALIBA, MICHAEL HAMILTon, 

CARSTEn FRAnKE – Service organiza-
tions in the utility and communica-
tions industries operate in an ever-
changing environment of rising costs, 
complex regulations, mergers and 
acquisitions, and customers’ high 
expectations of reliability, responsive-
ness and quality service. To meet 
these challenges, it is critical that 
utilities optimize service delivery, 
make efficient use of field technicians 
and equipment, and improve the 
reliability of critical assets.

With over 100,000 technicians using  
the system every day, Service Suite  
is the enterprise workforce manage-
ment (EWFM) solution that provides  
a complete platform to efficiently  
plan, schedule and execute all types 
of field work ➔ 1. Service Suite’s 
performance-enhancing optimizer 
assigns the right orders to the right 
technicians, based on skill and 
availability, and then routes them 
optimally between assignments to 
minimize travel time. This enables 
customers to realize significant 
increases in field productivity, de-
creased labor costs, reduced travel 
time and vehicle expenses, increased 
technician autonomy and accountabil-
ity, and improved data quality. 

Mathematical optimization
ABB’s research centers are working 
with Ventyx, an ABB company, to 
improve the current scheduling 
algorithms. The goal is to introduce 
new scheduling algorithms to address 
the increasingly complex customer 
requirements in the field. 

By watching the newest advances  
in mathematical scheduling optimiza-
tion, the research team can include 
methods from integer programming, 
graph theory or online optimization 

into Service Suite. The most suitable 
techniques are then chosen to be 
implemented in the next generation 
workforce management solution.

A common problem in workforce 
management is the allocation of 
skilled technicians to customer 
orders and the routing of technicians. 
The research team is developing a 
column generation approach with 
labeling to construct a near optimal 
schedule. Column generation with 
labeling proves to be the most 
effective method to solving complex 
routing problems, as explained, eg, 
in [1]. 

By using the labeling algorithm, an 
extensively large set of feasible routes 
for each service technician can be 
constructed. The resulting routes 
contain as many customer orders as 

possible with a suitable skill match. 
The algorithm ensures that time 
windows for orders are fulfilled. 
Additionally, each route is required to 
comply with the legal regulations of 
mandatory breaks during the day and 
allowed overtime. For each feasible 
route, the labeling algorithm calculates 
the value of an objective function.  
This value represents the quality of  
the matching between orders and 

technicians, as well as the travel times 
between subsequent orders in the 
route. Having the sets of feasible 
routes and their objective function 
value, column generation is then 
applied to pick the best set of routes 
such that each service technician 
serves exactly one route, each 
customer order is in at most one route 
and the objective value of the overall 
schedule is maximized. 

This approach maximizes customer 
satisfaction while lowering the overall 
cost of service delivery and assur-
ance, and ensures the allocation of 
appropriately skilled workers to each 
order.

Routing techniques
Another challenge is to include 
advanced street-level routing tech-
nologies during the optimization. This 
goes beyond the usage of simple 
navigation systems for traveling from 
one order to another. The accuracy  
of time estimations can be increased 
by using street-level routing technolo-
gies during the optimization of the 
driving routes, rather than as a 
post-optimization step. Therefore, the 
precision in the different application 
scenarios all around the world can  
be increased. Improved planning 
solutions are completed by fast 
algorithms that respond to real-time 
changes happening during the day, 
such as new urgent work, cancelled 
orders, or orders that technicians 
finish early.

The column-generation-based 
approach is computationally intensive, 
requiring a lot of computer time to 
optimize a schedule. However, during 
a working day, utilities and communi-
cation companies need to readjust  
the scheduling result in order to reflect 
real-life changes. That is, a new  

Workforce 
scheduling 

Improved plan-
ning solutions  
are completed  
by fast algo-
rithms that 
 respond to real 
time changes.
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task might have been added, some 
technicians might be unavailable due 
to sickness, etc.

Therefore, Service Suite must be able 
to readjust the solution on demand. 
The computation time reflecting the 
changes is limited to a few minutes 
such that the operating company can 
use the new solution and communi-
cate it to the corresponding techni-
cians in the field.

Several heuristics based on local 
search techniques are used to select 
only the most suitable subsets of 
orders and technicians for a new 
mathematical optimization run by 
applying the existing column genera-
tion approach. These heuristics are 
developed in order to react quickly 
and accurately to the described 
changes. 

The heuristics take the street-level-
based traveling times between orders 
and the already-planned orders into 
consideration. Furthermore, custom-
ers can choose between different 
heuristics to trade-off between the 
required solution time for the readjust-
ment and the quality of the resulting 
schedule.

By drawing on expertise in different 
areas of the company, ABB ensures 
the continuation of the leading edge in 
the newest technologies and upcom-
ing challenges in the service industry.

The research 
team can in-
clude methods 
from integer 
 optimization, 
graph theory  
or online optimi-
zation into 
 Service Suite.
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RALF GITzEL, MoRITz HoCHLEHnERT, 

SIMonE TURRIn – ABB’s reliability 
feedback system project is develop-
ing tools for generator circuit breakers 
that can help to facilitate the para-
digm shift from traditional time-based 
monitoring to condition-based 
maintenance strategies. 

In many working environments there are 
different kinds of safety-related equip-
ment available to prevent or mitigate 
situations where human life is endan-
gered. Naturally, such equipment has to 
be carefully and regularly maintained. 
However, in many cases this results in 
expensive scheduled downtime. Finding 
the right amount of maintenance to save 
costs without compromising safety is not 
always easy.

As ABB strives to extend its core 
generator circuit breaker (GCB) products 
with increasingly complex life-cycle 
services, the need for appropriate tools 
and concepts facilitating transparency 
on the residual lifetime and the gener-
ated value for the customer is becoming 
clear.

As a result, the reliability feedback 
system (RFS) project has emerged. The 
pilot’s goal was to obtain reliability data 
such as residual life from the field in 
order to help ABB service personnel 
recommend the right overhaul intervals 
for GCB to power plant owners with the 
RFS-GCB software prototype.

Residual life of a generator circuit 
breaker
A circuit breaker is a mechatronic device 
for interrupting the flow of current in an 
electrical system with a switching 
operation. A GCB represents a safety 
element in power plants, which inter-
rupts very high fault currents (up to 250 
kA) in the busbar between the generator 

and main transformer ➔ 1. Additionally, 
operational procedures, such as 
synchronization of the generator  
with the grid, are simplified compared 
with block layouts without a GCB. 
As a safety element, the circuit breaker  
is sometimes called to interrupt  
short-circuit currents and therefore  
100 percent availability and reliability 
need to be assured. When used for 
applications with frequent use of GCB 
switching such as pumped storage 
power plants, the ablation of contacts is 
much higher compared with base load 
power plants. There, the GCB system is 
used to change the operation between 
pumping/generation mode very quickly 
in addition to performing its safety 
function. 

Typical life spans are 20 to 40 years. 
Failures can cause critical situations in  
a power plant and therefore regular 
inspections and overhauls are important. 

The residual life of a GCB is the amount 
of ablation the breaker can take before 
an overhaul is required. The breaker has 
three types of residual life; the overhaul 
occurs when the first reaches zero.

Reliability feedback 
system 

RFS-GCB soft-
ware helps the 
process by using 
residual life infor-
mation to sug-
gest overhaul 
dates.

Electrical residual life 

Each time a circuit breaker operates, its 
contacts get ablated and eventually are 
no longer functional due to cumulative 
ablation. The amount of ablation suffered 
depends on the interrupted current and 
has to be traced for each contact 
separately. (Typically, there are three 
phases and therefore three electrical 
residual life curves.) Thus, each switch-
ing operation results in a reduction of 
residual life, with different amounts of 
ablation.

Mechanical residual life 

The mechanical residual life is reduced 
by one every time the circuit breaker is 
triggered. Mechanical residual life 
represents mechanical wear out of the 
system. Unlike in the electrical case, 
there is only one curve for mechanical 
residual life. 

Time-based residual life 

If neither the mechanical nor the 
electrical residual life is used up within a 
certain time limit, an overhaul is never-
theless conducted to account for other 
problems not modeled in the other 
residual life concepts.

Using residual life in maintenance

ABB service personnel use a myriad of 
information to determine the right time 
for the overhaul of a GCB. Long-time 
experience, measurements and service 
reports are an important part of the 
decision-making process. The newly 
developed RFS-GCB software helps the 
process by using residual life information 
to suggest possible overhaul dates. 
While these dates are subject to change 
with every extraordinary switching event, 
the scheduled dates are a good basis for 
long-term overhaul planning. Internally, a 
mathematical extrapolation algorithm is 
used to anticipate the expected future 
development of the residual life based on 



                                      29Bridging customer needs                                       29Service solutions

its development in the past. At the point 
in time where the first of the extrapolated 
residual life curves (ie, mechanical, 
electrical and time) reaches zero, an 
overhaul is scheduled. Naturally, the 
extrapolation includes a reasonable 
safety margin, so a residual life of zero 
does not mean that the GCB is no 
longer functional. 

An overhaul plan based on residual life 
values can easily be created on a 
calendar with each kind of residual life 
represented by an entry marked with a 
tick. A calendar can be created for an 
individual breaker or for a whole fleet. 
Based on the entries, a maintenance 
technician can create individual mainte-
nance plans, which make use of 
synergies to minimize downtime.

With GCB there are two different 
maintenance jobs – overhauls and 
inspection. An overhaul occurs when 
either one of the three electrical con-
tacts’ residual life reaches zero, the 
mechanical life reaches zero or the  
time limit is reached. When half of the 
time-based residual life is used up, an 
inspection should be performed. This 
date can also be indicated in a calendar. 

Dates for overhauls/inspections can 
change over time. This may be caused 
by extraordinary, unexpected events in 
the GCB history. To avoid confusion, any 
entries on a calendar that have been 
moved are marked with a red cross in 
their old location. This way, it is always 
possible to keep track of the changes 
made to the schedule. 

It should be noted that such a suggest-
ed schedule is only one input on which 
the service technician can base his 
recommendation to the customer. The 

RFS-GCB software also includes textual 
information on past service events and 
other data, which helps assess the 
health of the GCB. This information, 
together with experience and other data 
from the site, allows the service techni-
cian to give the customer a well-founded 
maintenance recommendation.

With RFS the service business would be 
in a position to periodically review the 
condition of the GCB to define and 
recommend service activities like 
inspection and electrical overhaul in a 
proactive manner. While RFS-GCB is still 
in the testing phase, it offers great 
potential for ABB’s power plant custom-
ers to reduce their maintenance down-
time while still ensuring proper operation 
of their GCBs. Combined with the 
knowledge and expertise of seasoned 
service technicians, RFS-GCB will 
provide customers with optimized 
schedules not only for individual 
breakers but also for their breaker fleet.
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An overhaul plan 
based on residual 
life values can 
easily be created 
on a calendar. 

1 A generator circuit breaker in an industrial plant. 
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RALF GITzEL, IIRo HARJUnKoSKI,  

CAJETAn T. PInTo – In many indus-
tries, motors form a crucial part  
of the production equipment. Due 
to the myriad of sizes and specifi-
cations, many customers end up 
having a broad collection of various 
motors in their plant, some of which 
are critical for production. The 
consequence of this variety is that 
the customer needs a large number 
of spare motors to cover against 
potential failures. Especially in 
older facilities, where many motors 
are way beyond their intended life 
span, special care must be taken to 
at least cover the mission-critical 
equipment.

Investing in spare motors means 
nonproductive spending and results  
in bound capital. On the other hand, 
too few spare motors pose a signifi-
cant risk to the operability of the  
plant. ABB’s stock pooling optimiza-
tion project is currently working on a 
solution that can lower customers’ 
costs without increasing the risk of 
downtime.

The room for cost-effective improve-
ment in this regard, realizable by an 
individual customer, is limited – either 
the spare motors are available or not. 
ABB, on the other hand, is in a unique 
position as a motor provider to help 
its customers by offering a spare 
motor service. 

Pooling effect
There is a distinctive difference 
between planning for a small amount 
of motors and for a larger fleet. For 
example, a single customer has a 
roughly 25 percent chance of needing 
more than 12 spare motors of a 
particular type in a year. However, the 
chance that 10 customers will need 

more than 120 motors is far below 
25 percent, as indicated by the 
quartile. Colloquially speaking, the 
flatter and wider green curve is less 
prone to unexpected behavior than 
the gray curve multiplied by 10 ➔ 1. 
This implies that the required safety 
margin for the green curve is lower 
than the sum of all safety margins 
needed by single customers.

Unfortunately, with a distributed and 
diverse customer installed base, 
realizing the pooling effect requires 
careful consideration. Firstly, custom-
er demand of spare motors is based 
on failure rates and will vary individu-
ally according to industry and plant 
health. This means that a careful 
prediction is required. Secondly, when 
spare motors are not  stored on site, 
an optimized supply chain is needed 
to ensure that motors are available 
within a specified time.

A new project 
The stock pooling optimization project 
addresses these two challenges. A 
multidisciplinary team of researchers 
working in cooperation with Carnegie 
Mellon University is currently develop-
ing an algorithm to reliably predict 
customer demand and to optimize the 
supply chain in order to meet this 
demand while realizing cost savings 
potential for the customers.

The current concept bases the 
demand forecasts for spare motors  
on the customer failure data. Using 
maintenance-related data, it is 
possible to calculate an annual failure 
rate and to make predictions using a 
homogeneous Poisson process (HPP). 
Two key parameters are determined 
by the prediction: The expected 
number of failures describing the aver-
age case, and a safety margin to 

Stock pooling  
optimization  

Stock pooling 
means less 
 capital bound  
in spare motors 
without an 
 increased risk  
of downtime.
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avoid the risk of out-of-stock, which is 
calculated based on the probabilities 
provided by the HPP.

Problem solving
To address the problem of guaranteed 
and timely spare motor availability, an 
extensive optimization problem needs 
to be solved. Based on motor critical-
ity specified in contracts, the motors 
must be delivered before their 
respective deadlines. To reach this 
goal, a sufficient amount of motors 
must be stored in the correct loca-
tions without overstocking. In other 
words, the algorithm has to determine 
the optimal network of factories, 
warehouses and the required stock 
levels at the warehouses. With the 
software prototype, customers are 
able to actually look at a screen shot 
that displays a possible solution to the 
supply network problem ➔ 2. In the 
context of the stock pooling optimiza-
tion project, mixed-integer linear 
programming (MILP) will be used to 
find the optimal solution. The defini-
tion of the MILP model has to be done 
carefully; too many variables may 
result in an unsolvable problem due to 
the large size. On the other hand, if 
the problem model is too simple, the 
mathematically optimal solution may 
no longer reflect reality.

The stock pooling optimization 
algorithm is currently still under 
development and initial results show 
the great potential of a scientific 
approach to the problem. Trustworthy 
demand predictions based on 
established methods and supply chain 
optimization using state-of-the-art 
algorithms enable a cost-effective 
pooling concept and improved and 
more responsive spare-part service. 
For the customer, stock pooling 
means less capital bound in spare 
motors without an increased risk of 
downtime. Stock pooling could be of 
great benefit to a wide range of plant 
operators, eventually going beyond 
motors to include other kinds of spare 
parts.
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2 Stock pooling optimization

Customers are able to look at a screen shot that displays a possible 
solution to the supply network problem.
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1 Probability of motor failure

The gray curve shows the spare motor demand of a single customer 
for a single motor type in one year. The green curve shows the same 
demand for a fleet of 10 identical customers.
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