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In the explosive phase that our Indian 
economy is going through, more and more 
manufacturing houses are seeing their 
order books ®lled, higher demand for 
better quality products, higher pro®t for 
faster deliveries, higher priority for safety 
measures, and so on. All of this puts more 
pressure on one department that has to de-
liver quality design and drawings to mar-
keting for proposal needs, to tooling for 
tool making and to production for manu-
facturing needs. Increasing the design 
software licenses or switching over to an 
alternate CAD system is not providing the  
desired result. 

In an engineering and manufacturing 
centric organisation, the design depart-
ment plays the pivotal role in every stage 
of business. If you were to disagree, you 
wouldn't be reading this magazine in the 
®rst place!

Every other department and their pro-
cesses depend on the output generated 
by the design and drafting department. 
Starting from sales and marketing through 
R&D, manufacturing, and ending with the 
product dispatch will all have dependence 
on some drawing or table or chart or 3D 
model created by the design department.
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Although in the past, design was con-
sidered an ancillary department that was 
not given a part in the mainstream busi-
ness process, now the scene has changed. 
Now the market-driven economy is push-
ing manufacturers to provide more options 
and custom-built solutions to their clients. 
Gone are the days when the seller had two 
or three products with fewer variants to 

offer. I am sure you will remember when 
we had just two models of cars on Indian 
roads and almost no choice of variation 
other than the colour. Even to get our fa-
vourite scooter, we had to pay a premium 
and wait for months to take delivery. There 
are stories of second-hand Yamaha bikes 
being sold at a price higher than the mar-
ket price, just because of the waiting time. 

Compare that with the scenario to-
day where you can choose even the type 
of remote control that you need for your 
air-conditioner, type of disk drive on your 
laptop, type of brakes on your bike, type of 
security system on your car, and so on. So 
many options from so many vendors! The 
leader in this market is always the one who 
provides more options at a more afford-
able price. On the manufacturing side, this 
poses a new ¯urry of problems and issues 

with which to cope. Providing numerous 
options without compromising on cost, 
quality, or lead time requires standardisa-
tion of design and manufacturing process. 
Welcome to the world of Con®gurator! 
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In general we can group the con®g-

uration-based products into two broad  
categories.

Standardised con®gurations1. 
Engineering to Order con®gurations2. 
Standardised con®gurations are the type 

where the subcomponents or subassem-
blies are off-the-shelf items or from a stan-
dard library of parts/assemblies. An exam-
ple could be custom laptop con®gurations. 
You can chose one variety of a laptop and 
then con®gure your drives, RAM, graph-
ics card, case colour, batteries, etc. Most 

Implementing Product 
Con®gurator on Autodesk 
Inventor Professional
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of the automotive, consumer electronics 
(which should now include mobiles, PCs, 
and laptops), furniture, CNC machines, 
pumps, motors, drives, cranes, and so on, 
fall into this category. Usually the market-
ing and sales people for these products 
carry catalogues from which the customer 
can choose, mix, and match his required 
con®guration of products. The pricing is 
®xed and can be calculated directly from a 
price list or with minimal effort. The deliv-
ery period of these products is immediate 
or subject to availability at the store. All the 
design, engineering, and manufacturing is 
done much before the product is available 
for sale. Orders are negotiated from the 
catalogue and price list in very short dura-
tion and the pro®t is known at the time of 
giving the ®nal offer.

And then there are the Engineering to 
Order (ETO) products. ETO companies 
build unique products designed to custom-
er speci®cations. Each product requires a 
distinct set of parts, subassemblies, item 
numbers, bills of material, and routings. 
An accurate estimate of the constituent 
parts is important in deciding the price and 
winning an order. 

These products are complex with long lead 
times (typically months or even years) to sup-
ply. Although a considerable portion of the 
product can be standard parts and assemblies, 
the ®nal product requires design and engi-
neering to be done for every customer. 

Unlike standard products, the customer 
is heavily involved throughout the entire 
design and manufacturing process. Engi-
neering changes happen even after a part 
of the product is ready. Material is pro-
cured not from an inventory but for spe-
ci®c projects. All costs and expenditures 
are tracked against the original estimate. 
Once complete, the product is typically 
installed at the customer's site. Pro®ts of 
ETO-based products are decided on how 
ef®ciently the initial estimate is done with 
respect to the actual cost incurred. This is 
where the design plays a crucial role.
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It is clear that the right estimation of the 
product and process costs will decide the 
pro®tability of an ETO business. Right es-
timates depend wholly on the right design 
of the ®nal product. The focus now shifts 
from material to process. The design will 
decide the process and material costs and 
in turn will drive the offer given to the cus-
tomer. So design will decide whether you 
win or lose your customer and, if you win 
it, will also decide whether you will make 
a  pro®t or loss. Many ETO companies and 
their marketing managers already know 

this and hence spend time and energy in 
carefully getting the CAD department to 
make the right drawings and designs need-
ed for them to make their proposals. 

Now you know why design depart-
ments are pivotal in an ETO business. 
The marketing manager of the ETO com-
pany gets an enquiry for his project. He 
collects all possible data from his client and 
passes it on to the design department as a 
design request. The Design department at 
this point converts the customer speci®ca-
tion to engineering spec, which forms the 
input for his design process. If the design 
of the new requirement is similar to some-
thing they have supplied already (which 
rarely happens) then the design starts the 
work from existing data. 

Many thumb rules and calculations go 
into the design, which transform into mul-
tiple drawings, BOM, and charts. These 
are generally classi®ed as proposal draw-
ings. These proposal drawings form the in-
put for calculating and estimating the size, 
cost, and duration of project completion. 
Because they follow general thumb rules 
and calculations (usually through Excel 
spreadsheets), there are high risks involved 
in wrongly predicting the costs, time, and 
so on. To reduce the risks, the marketing 
manager adds up a factor of safety (roughly 
30 percent) to the estimates of the design 
department, not knowing that design has 
already added 30 percent from its side, 
too. What we have now is generally a 30 
to 50 percent in¯ated estimate in time and 
cost, which is passed on to the client.

Earlier, customers used to be worried 
about in¯ated costs. Today, on the other 
hand, they are ready to pay a premium, but 
are not ready to wait that long to get their 
products up and running. So they look at 
alternatives: in other words, your competi-
tion. So among your competition, whoever 
gives the lowest price and lowest lead time 
to implement will win the race. This we 
have discussed already: the supplier with 
the right estimate wins the customer and 
makes pro®t.

So then the responsibility of making the 
right estimate begins with making the right 
design, accurate drawings, meticulous de-
tailing, and realistic 3D models. Now you 
know why the design department is the 
pivot in making or breaking your business!
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We now know the importance of the de-

sign department and efforts that the con-
tributing design managers and engineers 
put in by toiling day and night to get you the 
right drawings. The design managers with 
all their experience and innovative meth-
ods know how to give you well-crafted and 

accurate drawings for marketing to under-
stand and transform to a proposal. The use 
of CAD/CAM, 3D techniques, analysis, and 
development tools are all part and parcel 
of a modern design team. You have prob-
ably seen and implemented those innova-
tive solutions such as Autodesk Inventor"  
Professional or AutoCAD"  Mechanical to 
mention a few productivity tools. 

 Trends in the past that drove technology:
Get new customers; retain existing �U�Ê
customers
Reduce losses, errors, rejection�U�Ê
Improve productivity, quality, time �U�Ê
to market, and R&D

 New trends that will drive technology:
Growth ± show continuous and �U�Ê
sustained growth of customers, 
revenue, pro®ts, and value
Abundant business opportunities, �U�Ê
over¯owing orders. 
High attrition, shortage of skill �U�Ê
sets, high manpower costs
Product specialisation, core busi-�U�Ê
ness values, new applications, 
technology leadership

But now, with more and more industries 
shifting their manufacturing base from 
elsewhere in the world to India and with 
India's GDP showing steady growth ex-
ceeding 8 percent, our market is booming 
with orders. More orders mean more busi-
ness, more business means more manufac-
turing, more business and manufacturing 
mean more drawings to be done by the 
design of®ce. A general estimate based on 
a survey with our customers has revealed 
that their businesses have doubled in the 
last three to ®ve years alone. 

To meet the doubling of business, there 
is a need to give proposals to four times 
more customers. So the design depart-
ments of today have to generate four times 
more drawings than what they were cre-
ating three years ago. And because their 
business grew by 100 percent, they are al-
lowed to increase their infrastructure and 
manpower by two times only. Now there is 
a huge gap between supply and demand. 

Added to this, Indian companies have to 
compete with multinationals. So whoever 
gives the proposal ®rst has a chance to win 
the order ®rst. Therefore, time to market 
with products alone is not enough, time to 
market with proposal is also important now, 
too. This adds eight times more pressure on 
the design department.
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Let's see how design managers have 

coped with increasing demand on drawing 
output in the past.
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1980s ± Transformation from Drafting �U�Ê
Board to AutoCAD"  Ð 50 percent time 
savings in drawing generation with 30 
percent savings in the entire process 
1990s ± Transformation from 2D to  �U�Ê
3D Ð 35 percent time savings in draw-
ing generation with 25 percent savings 
in the entire process 
2000s ± 3D PLM and Verticals with links �U�Ê
to ERP Ð 30 percent time savings with 
20 percent Process savings
The trend is very clear: with the ad-

dition of new technology, there is a time 
bene®t, but there is a signi®cant drop in 
overall increase in performance. As the 
time saving rate drops from 50 percent in 
the ªgood oldº AutoCAD days to under 30 
percent with PLM, we are likely to see a 
standstill in performance breakthrough in 
terms of design technology. So what is the 
next revolutionary step needed to bring 40, 
50, or even possibly 90 percent increases 
in ef®ciency, productivity, and quality im-
provement? 

Surprisingly the answer lies among 
some of our fellow design engineers. In 
the late 1980s, many design engineers had 
automated their AutoCAD software with  
AutoLISP"  programmes. These pro-
grammes have helped them achieve even 
95 percent reductions in drawing genera-
tion time. For many years, and even now, 
the great 3D and PLM solutions have failed 
to meet such high levels of ef®ciency as far 
as drawing generation is concerned. The 
3D solutions could beat AutoCAD with 
bene®ts that came along with the concept 
of Digital Prototyping, where you could 
estimate accurate BOM, weights, analysis 
results, and other downstream applications 
of 3D models. So, the natural successor to 
2D drawing automation is 3D customisa-
tion. Only customisation can bring back in-
creased ef®ciency and improvement in the 
range of 70-90 percent or increased draw-
ing throughput by 5-10 times.
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Extend the capability of the regular  
software. My CAD should do my work. 
CAD software is not just to create sketches, 
drawings, lines, arcs, extrude, revolve, as-
semble, or parametric parts. It should cre-
ate beams, valves, panels, seals, tanks, cars 
etc. The CAD software should mimic my  
design work.

Automate repeatedly occurring pro-
cesses. 50 percent of the time our engi-
neers do the same work they had done ear-
lier in a different project. Design managers 
expect tools like an array/pattern command 

that records and repeats processes from 
project to project taking simple input.

Automate input collection. Different 
types of projects require different inputs. 
These inputs come from different sources. 
We need a system that collates the in-
put from different sources and offers to  
one source.

Automate calculations. All calcu-
lations have to be captured and calcu-
lated with zero errors and passed on to  
the design.

Automate decision process. 
Simple logical decisions don't need 
a manager all the time. They can 
be ®xed logically and decisions  
made automatically.

Standardisation of processes. Dif-
ferent engineers have different styles and 
hence produce different output. It is dif®cult 
to gauge and simplify processes unless they  
are standardised.

Create simple user interaction / in-
terface. New engineers or new versions of 
software take a lot of time to train. Groups 
of features are required to create a simple 
customer feature. They should be simpli-
®ed to a single user input.

Avoid dependence on user skill. With 
high levels of attrition, dependence on the 
skills of individuals poses a high risk of los-
ing information and knowledge to com-
petition. This skill dependence should be  
brought down.

Enable knowledge sharing. As people 
move up the ladder, their skills are forgot-
ten or lost. There needs to be a system to 
capture and share this domain knowledge 
among other engineers.

Increase speed of process (part, 
assembly, drawing, detailing cre-
ation). Why should drawings be de-
pendent on human processing speed? 
They should be done faster and bet-
ter with the full utilisation of the  
computer's power.
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Some of the inherent features of lead-
ing 3D CAD solutions including Autodesk 
Inventor Professional, such as table-driven 
parts, iPart, iAssembly, Content Center 
and so on, can take care of most con®gu-
ration-based parts and assemblies that uti-
lise standard parts or standard table-driven 
parts. But when it comes to ETO-based 
businesses that involve very large assem-
blies, multiple sequences of non-standard 
parts, user input-driven assembly condi-
tions, and unlimited combinations of user 
de®ned parts, it is too dif®cult or impos-
sible to de®ne in simple tables. A good ex-
ample would be boiler and heat exchang-
ers, mechanical piping and accessories, 
varying structure based assemblies such as 
conveyors, gantries, trusses, interactive as-
semblies, assemblies driven by multistage 

�9�e�d�Å�]�k�h�[

�9�e�d�i�j�h�k�Y�j

�:�[�j�W�_�b

�8�E�C



- . /01 * 2 3 ! " " # 4 63

calculations, and more, are good candidates 
for a con®gurator-based customisation.

The biggest drawback of a custom-built 
programme is its non-scalability and adapt-
ability to change. This is mainly due to 
hard-coded logic in the programmes that 
were developed for a single-focused need 
at some time. This was the main reason 
that the legacy AutoLISP and custom pro-
grammes run out of steam and patronage 
in a design department after a few years. 
Although they can be reprogrammed to 
meet new requirements, the original team 
that existed during the phase of initial de-
velopment never exists or comes back to-
gether to rework.

Understanding this drawback in stan-
dard customisation techniques after fac-
ing dif®cult times in adapting older pro-
grammes, our development team (and 
several other customisation teams) had felt 
the need to develop an adaptive and scal-
able con®guration technology.
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What features should a con®gurator 
have to be scalable and adaptable to change 
and reduce dependence on a software de-
veloper to make changes? Here are some 
fundamental requirements expected by 
ETO customers.

Externally con®gurable Assembly/
Feature sequence.  The sequence of parts 
that occur in an assembly or the sequence 
of features that occur in a complex part are 
to be de®ned in an external table or data-
base (e.g., pipe follows a ¯ange, followed by 
valve, followed by pipe¼ and so on).

Assembly parts compatibility list.  
The compatibility and combination of parts 
should be de®nable as a list. For example, 
the pipe will always have a ¯ange or a nut 
will always come with a bolt, etc.

Rule-based assembling. For different 
user inputs, the different constituents of 
an assembly could change based on exter-
nally prede®ned rules. These rules should 
be interchangeable or re®ned by any user.

Fully automatic 
script-based assem-
blies. 3D should also 
have a scripting option, 
similar to how LISP 
existed for AutoCAD. 
This will help even 
non-programmers to 
programme a part or as-
sembly.

Support interactive 
assemblies. Sometimes 
all assemblies cannot be 
automated; some may 
require users to pick lo-

cations or options. The con®gurator should 
allow interactive assembling wherever re-
quired.

Save assembly script instead of as-
semblies. If assembly con®gurator can 
follow a logic or script to construct assem-
blies, why should we struggle at saving as-
semblies? We could save large assemblies 
through programme scripts or user input 
values and spare disk space.

Con®gurator API for other develop-
ers. Con®gurator should have an API for 
skilled developers to ®ne-tune or make 
their own assembly con®gurator. It should 
provide interoperability, similar to Inven-
tor or MS Of®ce.

Uni®ed user interface for all parts 
and projects.  Con®gurator should al-
low users to unify the user interface 
and standardise input collection across  
the enterprise.

Custom UI de®nition possible.   
Con®gurator should allow custom 
user interfaces to be developed as per  
new requirements.
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Autodesk Inventor Professional carries 
some of the unique capabilities that en-
able trouble-free implementation of con-
®gurator technology for ETO customisa-
tion. Some of the features that distinguish  
Autodesk Inventor Professional from other 
3D CAD platforms are:

Digital Prototyping initiative: Seamless �U�Ê
integration with AutoCAD, Autodesk"  
AliasStudio# , Autodesk"  Maya" , Auto-
CAD"  Electrical and other Autodesk 
products for downstream applications.
High performance 2D productivity with �U�Ê
AutoCAD, AutoCAD"  Mechanical and 
AutoCAD Electrical.
Ability to handle very large assemblies �U�Ê
with true 64-bit performance.
Table-driven feature and assembly tech-�U�Ê
nologies ± iPart, iFeature, iAssembly.
Productivity enhancement tools and �U�Ê
utilitiesÐDesign Assistant.

Presentation and portability tools ± In-�U�Ê
ventor Studio, Autodesk"  Showcase# , 
and so on.
Simulation and motion-analysis tools.�U�Ê
Availability of third-party plug-ins  �U�Ê
to extract the best from industry  
leading applications.
The combination of Autodesk Inventor 

Professional, AutoCAD, and Con®gurator 
brings you the following bene®ts.
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Quicker generation of product design �U�Ê
and drawings. Higher productivity, ef-
®ciency and output.
Faster response to customer needs �U�Ê
with more clarity, more options, and  
scalability.
Reduced errors and miscommunica-�U�Ê
tions.
Knowledge capture and core design se-�U�Ê
curity implementation.
De-skilling of intrinsic skills. Lesser �U�Ê
manpower dependence.
Up to 90 percent time reduction in de-�U�Ê
sign and almost 50 percent improve-
ment in total ETO cycle.
Connectivity and communications ex-�U�Ê
tends from customer to manufacturing 
and remains synchronised with busi-
ness/manufacturing systems.
Integration with Web, ERP, CRM, and �U�Ê
other business systems as a side effect.
Scalable results in design and marketing �U�Ê
without the need to expand team.

In a future article, we shall see how 
Con®gurator has been successfully imple-
mented on Autodesk Inventor Professional 
at process industries. This has helped them 
increase their drawing output by 10 times 
and reduce proposal drawing generation 
time by 90 percent.
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