
OFTEN SMART MICROSYSTEMS will 
receive a request to fabricate a part for 
which there is either an incomplete engi-
neering drawing, or there is no drawing at 
all. This concern is not unique to SMART 
and can be heard echoed throughout the 
industry. With the recent advancements in 
solid modeling and 3D printing technology, 
it is often assumed that the engineering 
drawing is going by the way of the dino-
saur and Dodo bird. As modeling software 
has improved, there has been a movement 
toward paperless forms of documenta-
tion. However, this shift does not mean 
the end of the engineering drawing. For 
mechanical components, sub-assemblies, 
and assemblies, the drawing contains criti-
cal information that is not found anywhere 
else. This information, such as geometric 
dimensioning and tolerancing (GD&T), 
dimensional tolerances, critical fabrica-
tion or assembly information in the form 
of drawing notes, and title block, is all 
parts of a larger picture that is necessary to 
fabricate the part. Although tolerances and 
GD&T can be found in the solid models of 
today, they lack the big picture perspective 
required by most suppliers to fabricate the 
part. If the assembly happens to contain a 
machined part, the machinist will need to 
have instructions and dimensions to fab-
ricate said part. Typically, machinists will 
not work solely from a solid model.
	 GD&T	symbols	are	the	first	thing	to	
pay attention to on an engineering drawing. 
These	symbols	are	the	system	for	defining	
and communicating engineering toler-
ances. GD&T symbols are typically tied 
to a datum. The part drawing requirements 
are derived from the next higher assembly. 
This is to say, the part, and therefore the 
drawing	requirements,	flow	from	the	top	
down. It follows that the datums contained 
in	the	GD&T	symbols	also	flow	from	the	
top down. As an example, when design-
ing	a	fixture	to	hold	a	customer	part	for	a	
specific	process,	the	customer	driven	geo-

function) of the next higher assembly. This 
is because the tighter the tolerance, the 
higher the cost, and the lower the manu-
facturability.	As	an	example,	if	a	specific	
through hole is 0.5mm with a tolerance of 
±0.10mm, this part will be likely manu-
facturable at relative volumes at reason-
able cost. If that tolerance is tightened to 
±0.001mm, depending on the depth, many 
tool houses may no-bid the project at any 
cost. Another thing to look for in an assem-
bly drawing is tolerance stack. If the toler-
ance of the completed assembly is tighter 
than the combination of tolerances of the 
individual components in the assembly, 
then,	by	definition,	the	assembly	may	not	
be manufacturable in volumes greater than 
one. Additionally, the parts ultimately may 
not function as intended over the produc-
tion life of the product.
 Possibly the most important section of 
a drawing is the drawing notes. Critical 

metric requirements are derived from the 
same datums. If the bottom most surface 
of the part is the datum by which all others 
are	referenced,	then	the	tooling	and	fixtures	
must be designed accordingly. An under-
standing	of	things	like	flatness,	parallelism,	
perpendicularity, concentricity, and posi-
tion, described with a common descriptive 
language like GD&T helps get assemblies 
fabricated properly.
 Dimensional tolerancing on a draw-
ing is the next thing that should be looked 
at. Tolerancing communicates, among 
other things, how big the process window 
will be when the part is fabricated. These 
dimensional tolerances are also derived 
from the next higher assembly, but have a 
more direct impact on cost and manufactur-
ability. As a general rule, the tolerance for 
a	specific	feature	dimension	should	not	be	
any tighter than is absolutely necessary to 
achieve	the	desired	objective	(fit,	form,	and	
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Figure 1.  Some common GD&T symbols.

Figure 2.  Sample images from an engineering drawing using GD&T symbols.



fabrication or assembly information, in the 
form of drawing notes, should be contained 
on every drawing. These are arguably the 
most critical instructions and requirements 
of any engineering drawing package. This 
is a critical section of the complete draw-
ing, which is commonly overlooked. The 
drawing notes should be numbered. These 
numbers	can	correspond	to	specific	sec-
tions of a drawing. As an example, the 
drawing may call out “see note 10”  and 
note	10	may	contain	specific	cautionary	
requirements like “this surface for Au wire 
bonding, must be free of any foreign con-
tamination to include but not limited to the 
following list”. Alternatively, a note may 
contain	specific	plating	requirements,	or	
compliance with a certain page and section 
of	a	specification	such	as	Mil	Std	883.	The	
drawing	notes	are	the	final	word	of	critical	
assembly or fabrication instructions.
 The title block of a drawing may seem 
relatively unimportant. However, just the 
opposite is true. A title block contains the 
general tolerance information, the units in 
which the document is dimensioned, the 
authority under which it was released, and 
the most current revision. An engineer-
ing drawing is a record of work scope and 
should be treated as such. If the drawing 
is changed later, the revision needs to be 
changed accordingly, and the work scope 
needs to be reassessed.
 There are several reasons that an engi-
neering drawing is an invaluable tool. The 
mere act of generating this document forces 
the engineer and design team to think criti-
cally about every aspect of the process and 
the part. To create a complete engineering 
drawing, critical thought must be given to 
how a part is fabricated, assembled, and 
measured. The ability to measure a process 
or part is very important. In the engineering 
world, anything that cannot be measured 
does not exist. Therefore, without the abil-
ity to measure the process, the part cannot 
be fabricated. It is easy to forget that just 
because	everything	fits	together	perfectly	in	
SolidWorks	does	not	mean	it	will	fit	togeth-
er in reality. That is not how things work in 
the real world of manufacturing. To ensure 
successful manufacturing, a thoughtful and 
complete engineering drawing must be gen-
erated. There simply are no substitutions or 
shortcuts. ◆
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Figure 4.  Sample engineering drawing title block.

Figure 3.  Sample engineering drawing notes - arguably the most critical instructions and 
requirements of any engineering drawing package.

Figure 5.  3D modeled assembly views generated using 3D CAD software.

3D Modeled Assembly
(Exploded View)

3D Modeled Assembly
(Isometric View)

3D Modeled Assembly
(Cross-Sectioned View)


