Handling
Substitutions in
Bills of Materials
The transition of a bill-of-materials from the
design phase of a project to the production
phase can be complicated by the need to
handle substitutions. A clear understanding
of concepts helps to avoid problems.
BILL OF MATERIALS
The bill-of-materials (BOM) is a fundamental part
of a drawing set defining an assembly to be
manufactured. The BOM is an output of the design
process, along with schematics, PCB artworks,
assembly drawings, test specifications and so on.
The BOM specifies the parts to be used when
manufacturing the assembly. Single-sourced parts
are problematic because, without the leverage of
competition, costs can be higher. They also
expose a manufacturer to risk if the part is ever in
short supply or discontinued.
For this reason BOMs must typically specify
allowable substitutions. Two possible types of
such substitutions are equivalent and alternate
items.
EQUIVALENT AND ALTERNATE ITEMS
An equivalence is a relationship between two
items that are identical in all aspects of form, fit
and function. One item is completely interchangeable for the other in all situations.
An alternate is an item that, whilst not identical,
may be substituted for another in a particular
situation.
EXAMPLES
For example, M3x6 stainless steel machine
screws meeting the DIN912 standard may all be
considered equivalent. They are freely interchangeable on any assembly, irrespective of
manufacturer, because they are essentially

identical. This is an equivalence relationship,
which you want to create once and never worry
about again.
On the other hand, some substitutions are not
universally allowable. On a particular printed
circuit board a 25V-rated capacitor might be an
allowable alternate for a 16V-rated part, provided
other electrical details are similar. That same
substitution might not be allowable on a different
board, where the physically taller 25V part might
not fit. And the parts are certainly not equivalent using the 16V part on a design that specified the
25V part might be disastrous! This is an example
of an alternate relationship, which must be created
specifically for a particular situation.
EQUIVALENTS
Within a company, equivalence relationships exist
independently of any particular bill-of-materials
(BOM). If you call up one part on the BOM, all of
the equivalent parts are automatically allowable
substitutes. Typically you will create a "generic"
part to use on BOMs, with all the real parts listed
as equivalents. You create this equivalence
relationship once, then call up the generic parts on
as many BOMs as you like.
Bill of Materials
H1, Screw, M3 x 6
H2, Washer, M3
H3, Nut, M3
Screw, M3 x 6
Screw, M3 x 6
Screw, M3 x 6

Generic
Generic
Generic
Generic
Fabory
Spaenaur

51342...
353-002

A procurement specification may be used to
control which real parts are acceptable.

ALTERNATES
Alternate relationships exist in specific situations,
on a particular BOM.
Bill of Materials
R1, Resistor, 10k, 5%
C1 Capacitor, 10uF, 16V
Capacitor, 10uF, 25V
Q1, Transistor, NPN

Yageo
Kemet
AVX
STMicro

CFR-25J...
T491B106...
TAJB106...
2N2222A

In the most pure approach alternate relationships
apply to a particular line-item on a particular BOM.
This can quickly get tedious if there are many

instances of a part on a BOM and the same
substitutions are allowable for all of them. A
compromise approach is for alternate relationships
to exist at the BOM level, not the line-item level.
On a particular BOM one part may be defined as
an allowable alternate for another, in all instances.
USE THE CORRECT RELATIONSHIP
It is important not to confuse the two type of
relationships. Often we accidentally create
equivalence relationships where we should create
alternates. This can lead to problems later, when a
new design unknowingly "inherits" the relationship.

IONOCOM 'S STRATEGY
As a contract design house, Ionocom often has to
follow its client's style when creating bills-ofmaterials. However, we always follow the same
underlying approach:
Internal part numbers are assigned one per unique
part. An internal part number always relates to
exactly one manufacturer and manufacturer's part
number. If a second-source is identified for a part
it always gets a new number, however identical it
may appear.
Alternate relationships are created at the BOM
level. A "lead" part is listed on the BOM, and an
alternate
relationship
defines
allowable
substitutions. The relationship is good for the
whole BOM. A BOM printout shows the lead parts,
and a separate table shows the allowable
substitutions.
Equivalence relationships are handled by creating
"generic" parts and an associated procurement
specification. Real parts meeting the specification
are listed as allowable substitutions for the generic
parts. The relationship is good everywhere, for all
BOMs. The generic parts are called up on BOMs,
and a BOM printout will then show the generic
placeholders along with a separate table showing
the allowable substitutions.
Ionocom uses an in-house database to manage
parts and BOMs, and supplies its clients with
"printouts" in the form of spreadsheets and PDF
documents.

Parts
1253
1256
1257
3017
3023
7288
7289

C, 10uF, 16V, 10%
C, 10uF, 16V, 20%
C, 10uF, 25V, 10%
H, Screw, M3 x 6
H, Screw, M3 x 6
Q, NPN, 2N2222
Q, NPN, 2N2222

Kemet
Kemet
AVX
Fabory
Spaenaur
STMicro
ON Semi

T491B106...
T491B106...
TAJB106...
51342...
353-002
2N2222A
P2N2222A

BOM for Assembly 9622
C, 10uF, 16V, 10%
C, 33uF, 50V, 20%
C, 47uF, 63V, 20%
H, Screw, M3 x 6
R, 10k, 5%
1253
Q, NPN, 2N2222
1256
1257
Generic Subs.
C1
C2
C3
H1
R1
Q1

1253
1286
1291
3012
4883
7288

3012
3017
3023

Subs. for 9622
C, 10uF, 16V, 10%
C, 10uF, 16V, 20%
C, 10uF, 25V, 10%

H, Screw, M3x6
H, Screw, M3x6
H, Screw, M3x6

Alternates
Equivalents

BOM Printout for 9622
C1
C2
C3
H1

1253
1286
1291
3012

C, 10uF, 16V, 10%
C, 33uF, 50V, 20%
C, 47uF, 63V, 20%
H, Screw, M3x6

Kemet
Kemet
Kemet
Generic

T491B106...
T491B336...
T491B476...
-

Allowable Substitutions
1253
1256
1257
3012
3017
3023

C, 10uF, 16V, 10%
C, 10uF, 16V, 20%
C, 10uF, 25V, 10%
H, Screw, M3x6
H, Screw, M3x6
H, Screw, M3x6

Kemet
Kemet
AVX
Generic
Fabory
Spaenaur

T491B106...
T491B106...
TAJB106...
51342...
353-002

SYSTEMIC PROBLEM
One cause of problems is that many company's
purchasing and manufacturing systems (ERP and
MRP systems for larger enterprises) are very bad
at handling either kind of relationship. They
typically support the concept of a BOM calling up
parts in terms of internal company part numbers.
Each internal part number may have multiple
vendors. An equivalence relationship can be
created using this multiple-vendors feature. This is
not ideal because it confuses the concepts of
manufacturer and vendor, but it does at least
work.
On the other hand, an alternate relationship is very
difficult to create in these systems. If you try to
create a special internal company part number for
use on a particular BOM, then use the multiplevendors feature to enter the allowable alternates,
you will quickly run into problems. For example,
the description field (there is only one) is a
problem when the alternates may have different
voltage ratings, sizes, or even values. In addition,
your database quickly becomes cluttered with
these special one-off parts. Furthermore, this
creates a host of stock-keeping problems; your
MRP system may tell you that you have no 10uF
16V capacitors in stock whereas you actually have
plenty, in a bin labelled with a different one of
these special one-off part numbers.
There are some good reasons for MRP systems'
aversion to substitutions. Without them, product
structures can be "exploded" and "flattened";
required parts quantities can be consolidated and
compared with in-stock quantities; and purchasing
lists for shortages prepared automatically. When
allowable substitutes are introduced, decisions
must be made as to which alternatives to choose.
These decisions must often be manual.
WORKAROUND
The simplest workaround is to keep all the
substitution information on the paper BOM
produced during design, and just enter lead parts
into the purchasing and manufacturing systems. If
a part ever becomes expensive or hard to source,
the BOM can be consulted to find a substitute, and
this can be entered to replace the lead part.

The best solution, if you can manage it, is to use a
purchasing and manufacturing system which
understands the concept of substitutions, and
provides mechanisms that allow you to handle
equivalent and alternate items.
SUMMARY
The ability to specify allowable substitutions on a
BOM is an essential requirement of the design
process. There are two basic types of allowable
substitution, represented by equivalent and
alternate relationships.
Although the BOM that is the output of the design
process may clearly express both types of
relationship, there may be problems entering all
the data into a company's purchasing and
manufacturing systems.
Nevertheless, a clear understanding of the
underlying
concepts
and
the
"ideal"
implementation will allow you to keep a grip on the
situation, even if your implementation has to be a
compromise.
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