CHAPTER 3 RATING ASSEMBLY EFFICIENCY.

3.1 GENERAL

A matar problem in most product design assessments 15
the lack of a gquantitative evaluation of the assembly design.
wWhile material, labour and tool costs are straight forward
and easy to define, a quantitative evaluation of the assembly
s usually not that simple . A quantitative evaluation will
enable the designer to compare several design approaches and

make decisions using a gquantitative scale.

Rating of products for ease of assembly also allows
the designer to gquantitatively assess his design and made
necessary improvements. Much work has been done by separate
researchers in this area. Some of the - work done are
proprietary and are not generally available eg. the Hitachi
and GE systems. Boothroyd and Dewhurst (4] have done
extensive work 1n this area. Other methods have been
developed by the Technical University of Denmark and the
Politecnico di Milano of 1Italy. The last two me thods
mentioned are more qgualitative and hence tend to be

subjective.
3.2 BOOTHROYD METHOD

This method for manual assembly can be used to

analyse the design, identify assembly diffticulties and also
estimate assembly costs. The design tfeatures are each
analysed systematically and a "design efticiency" is
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calculated. This efficiency can be used to compare different
approaches to design.
The technique involves Lwo important steps tor  each
part ot the assembly:
1. consideration  on whether the part  can  be
eliminated or  combined with other parts  or

the amsecmbly,

A

.

eutimation ot the time needed to plck uap,
orientate and insert the part into the
assenbly.

The Iintormation obtained from this exercise is then

used to calculate the total assembly time of an ideal design.

Boothroyd's methodology requires the product to Dhe
analysed to be disassemble! first. Any sub-assemblies in the
assembly are first considered as "parts" and later further
disassembled. Each part in the assembly is then given a 2-
digit handling process code. This code corresponds to
handling time from a chart. Another 2-digit assembly process
code 1s given which corresponds to a manual insertion time.
The total operation time in seconds is then calculated by
adding all the handling and insertion times and multiplying
by the number of repeated operations where necessary. The
total operation costs can be obtained by multiplying the
total operation time by the labour rate.

The theoretical minimum number of parts for the
"ideal” assembly is also determined. This 1is derived by

amewering Boothroyd's three fundamental guestions fror part
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necessity  to  determine 1f the part is necessary for the

assembly.

The manual assembly design efficiency 1is finally

obtained by:

Efticiency = 3 x Theoretical Minimum Number of Part Count
Total Assembly Time

The equation compares the estimated assembly time for
an assembly with the theoretical minimum number of parts each
of which can  be assembled in the "ideal" time of three

segonds.,
3.3 ASSEMBLY RATING SPREADSHEET

This method recently developed by C. Poli and R.
Graves [2] [3], uses a series of questions on a spreadsheet
to analyse the far~tors affecting assembly cost of a product.
The two basic factors of part count and ease of handling and
insertion are again considered. It helps to integrate
preliminary process design with product design and is
primarily restricted to manual assembly. Color codes are used
on the spreadsheet to highlight part characteristics that
increase or decrease assembly cost. Hence by checking on the
appropriate color «coded areas, it is relatively simple to
identify potentially difficult areas where redesign may be

possible.

Besides color coding, the spreadsheet also contain
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‘HGKQ recent  developments in DFA analysis using
computers  have bheen developed. One such system called the
Knowledge Based System uses conventional programs like BASIC
apd  runs or PC's [16]. Boothroyd's methodology is also now

available on PC based software.




