
 

     
  A SCREWDRIVER OR 

WRENCH TRIES TO TURN 
A BENT SCREW 
INSERTED THROUGH A 
HOLE IN ANOTHER 
OBJECT.  OR TRY TO 
PUT A BENT EARPHONE 
PLUG INTO A JACK. 

 If you have ever tried to assemble 
something with bent pins or screws, 
or put something into a hole that 
was at the wrong angle, then you 
know the importance of orientation 
tolerances for holes, cylinders, and 
other round objects. 

     
  A TAPERED SKYSCRAPER 

WITH NO ROUND 
FEATURES (NOT 
TERMINAL TOWER). 

 Sometimes an entire object needs to 
be at a specified orientation.  When 
designing a building like this one, 
you could specify an angle and an 
angularity tolerance on each of the 
walls.  But the most important 
characteristic of this building is 
that it is perpendicular to the 
ground, even if the walls are not. 

     
  CG: FEATURES OF SIZE These objects have one 

characteristic in common.  With all 
of them, we are less concerned with 
their surfaces than we are with the 
overall direction they are pointing. 
 They are called features of size, 
because the tolerance applies to the 
entire object instead of its 
surfaces. 

     
  AN OBJECT WITH TWO 

PERPENDICULAR 
SURFACES, AND 
SEVERAL VARIATIONS 
ON IT, FIGURE 
3.2.11. 

 Until now, we have been concerned 
only with the surfaces of objects.  
The surface was the only portion 
that we checked, and it made no 
difference to us what happened 
underneath the surface. 

     
  AN OBJECT WITH A 

PERPENDICULAR SIZE 
FEATURE, FIGURE 
3.2.12. 

 With features of size, however, we 
go beyond the surface.  A line 
through the exact center of this 
feature is called the centerline, or 
axis.  For flat-surfaced features of 
size, the center is determined by a 
center plane. 

     
  ADD THE DIAL 

INDICATOR ON THE 
CENTERLINE OF THE 
PART, FIGURE 3.2.13.

 If we were to locate the centerline, 
then it would be this line that we 
would want to measure.  This is what 
makes features of size more 
complicated to work with, because 
the centerline is imaginary.  It 



 
does not correspond with anything on 
the surface of the part. 

     
  A DRAWING WITH A 

FEATURE OF SIZE, 
ANSI FIGURE 204 
(P113).  THE DRAWING 
IS MODIFIED TO SHOW 
A .002" TOLERANCE 
RFS.  HIGHLIGHT THE 
DIAMETER AND THE 
FEATURE CONTROL 
FRAME. 

 A feature of size can be identified 
on a drawing because the tolerance 
is not directly attached to any 
surface of the object.  Instead, it 
is placed under the diameter or the 
size of the feature. 

     
    This drawing tells us that the axis 

must be perpendicular to datum plane 
-A- within two thousandths of an 
inch. 

     
  HIGHLIGHT THE 

FEATURE CONTROL 
FRAME AND THE 
DIAMETER OF THE 
FEATURE. 

 We can tell that the tolerance 
applies to the centerline instead of 
the outside of the part because it 
is written just below the diameter. 

     
  A GHOST IMAGE SHOWS 

THE TOLERANCE 
ATTACHED TO AN 
EXTENSION LINE FROM 
THE SURFACE. 

 If it applied to the outer surface, 
it would be attached to an extension 
line from the surface, or it would 
be attached to an arrow pointing to 
the surface. 

     
  HIGHLIGHT THE 

DIAMETER SYMBOL IN 
FRONT OF THE 
TOLERANCE. 

 The diameter symbol tells us that 
the tolerance zone is cylindrical.  
This means that the tolerance 
applies in all directions. 

     
  SHOW THE TOLERANCE 

ZONE, FIGURE 3.2.1. 
 The tolerance zone is a cylinder two 

thousandths of an inch in diameter. 
 The center line of the cylinder is 
exactly perpendicular to datum plane 
-A-.  The axis of the hole must be 
entirely within that tolerance zone. 

     
  SHOW A ROUND 

FEATURE, WITH ITS 
CENTERLINE. 

 If we are going to check the 
orientation of an axis, we must 
first find out where the axis is. 

     
  SHOW THE PART ON AN 

INSPECTION FIXTURE 
WITH A GAGE PIN, 
FIGURE 3.2.2. 

 If the axis is straight, then one 
way to check the tolerance is with a 
gage pin.  A gage that fits snugly 
all the way into the hole is used. 

     



 
  SHOW THE CENTERLINE 

OF A SLIGHTLY COCKED 
PIN, FIGURE 3.2.3. 

 The hole holds the gage pin at the 
same angle as its axis.  The 
centerline of the gage pin is in 
line with the centerline of the 
hole. 

     
  SHOW THAT THE 

SURFACE OF THE GAGE 
PIN IS PARALLEL TO 
THE CENTERLINE, FIG. 
3.2.4. 

 Because the gage pin is precisely 
shaped, its outside surface is 
parallel to the centerline.  This 
means that the surface of the pin is 
at the exact same angle as the 
centerline.  If we check the 
perpendicularity of the surface, we 
will get the same result as we would 
checking the centerline. 

     
  BRING A DIAL 

INDICATOR INTO THE 
PICTURE.  MOVE IT 
ALONG THE AXIS OF 
THE PIN, FIGURE 
3.2.5. 

 The surface of the pin is checked 
along a length equal to the depth of 
the hole. 

     
  MOVE THE DIAL 

INDICATOR TO A 
DIFFERENT POSITION 
ON THE PIN SURFACE 
AND CHECK AGAIN, 
FIGURE 3.2.6. 

 The diameter symbol in the feature 
control frame tells us that the 
tolerance is cylindrical.  This 
means that the perpendicularity 
tolerance applies in all directions. 
 Several locations around the 
circumference of the pin must be 
checked to make sure that the hole 
is perpendicular all around. 

     
  CG: SIZE DATUM 

FEATURES 
  

     
  A PART WITH A 

CYLINDRICAL DATUM 
FEATURE, ANSI FIG. 
196 (PAGE 108). 

 Datum features can also be circular. 
 In this drawing, the parallelism 
tolerance tells us that the axis of 
the smaller hole must be parallel to 
the axis of the larger hole within 
eight thousandths of an inch. 

     
  SHOW THE DATUM AXIS 

AND THE TOLERANCE 
ZONE, FIGURE 3.2.7. 

 In this case, the datum is the axis 
of the larger hole.  The tolerance 
zone is a cylinder eight thousandths 
of an inch in diameter, exactly 
parallel to this axis. 

     
    Notice that the tolerance zone 

applies only to the controlled 
feature.  There is no tolerance zone 



 
for the datum feature.  This does 
not mean that the datum feature has 
to be perfect.  It means that we are 
checking only the controlled feature 
at this time. 

     
  SHOW GAGE PINS IN 

THE HOLES AND 
FIXTURES HOLDING THE 
DATUM PIN, FIGURE 
3.2.8. 

 If the axes are straight, then gage 
pins can be used to check this 
tolerance.  Datum axis -A- is 
simulated using the largest size 
gage pin that will fit snugly within 
the hole.  The ends of this pin are 
supported so that they are parallel 
to the surface plate. 

     
  BRING A DIAL 

INDICATOR IN TO 
MEASURE THE PART, 
FIGURE 3.2.9. 

 The axis to be checked is also 
simulated with the largest size gage 
pin that will fit in its hole.  As 
before, the surface of the gage pin 
is at the same angle as the 
centerline of the hole.  This means 
that we can check the parallelism of 
the hole by checking the surface of 
the gage pin. 

     
  HIGHLIGHT THE LENGTH 

OF THE PIN BEING 
CHECKED, FIGURE 
3.2.10. 

 The pin is checked along a length 
equal to the depth of the hole. 

     
  CG: STRAIGHTNESS OF 

AN AXIS 
  

     
  A BASEBALL PLAYER 

SWINGING A BAT. 
 We'll finish this lesson by talking 

about straightness of features of 
size.  A baseball bat is circular 
but not cylindrical, and the lines 
on its surface are not straight, yet 
most people would agree that the bat 
is straight. 

     
  SLICE THE BAT IN 

SEVERAL PLACES, 
SHOWING THE CIRCULAR 
CROSS-SECTION, AS IN 
FIG. 2.1.7.  THEN 
RE-ASSEMBLE THE 
PARTS, SHOWING HOW 
THE CENTERS LINE UP.

 That's because the centerline of the 
bat is straight.  If we line up each 
of the circlar sections of the bat, 
the centers of all of the circles 
are in a straight line.  Of the form 
tolerances--flatness, straightness, 
circularity, and cylindricity--only 
straightness can be used with a 
feature of size. 

     
  A DRAWING WITH A  We can tell that the straightness 



 
CENTERLINE 
STRAIGHTNESS 
SPECIFICATION, ANSI 
FIG. 171 (P. 92). 

tolerance applies to the axis 
instead of the surface because the 
feature control frame is included 
with the diameter dimensions. 

     
  A GHOST LEADER 

POINTS TO THE 
SURFACE FROM THE 
FEATURE CONTROL 
FRAME. 

 If it applied to the surface 
instead, a leader would point from 
the feature control frame to the 
surface. 

     
  INSET FIGURE 2.1.8.  In this drawing, the centerline of 

the part cannot vary by more than 
four hundredths of a millimeter.  
The tolerance zone is a cylinder, 
four hundredths of a millimeter in 
diameter.  The axis of the part must 
be entirely within this tolerance 
zone. 

     
  SHOW MEASUREMENTS 

BEING TAKEN ALONG AN 
AXIS ON SEVERAL 
ANGLES, WITH THE 
INDICATOR READINGS 
BEING GRAPHED TO 
DETERMINE A 
CENTERLINE. 

 Straightness of an axis is not hard 
to understand, but it can be tedious 
to measure.  Because the axis is 
just an imaginary line, the only way 
to measure its straightness is to 
take measurements on the surface.  
Measurements must be taken in many 
directions around the circumference, 
and in many locations along the 
length.  The positions of the 
centers must be calculated from 
these measurements. 

     
  A COORDINATE 

MEASURING MACHINE 
TAKING MEASUREMENTS 
ON A CIRCULAR PART. 

 This is one of many examples where a 
coordinate measuring machine can 
make it easier to check geometric 
dimensions and tolerances.  These 
machines can calculate the position 
of the axis automatically.  This is 
by far the fastest and easiest way 
to measure straightness of an axis. 
The machine is programmed to measure 
the positions of points on the 
surface.  It can calculate the 
straightness of the axis and give a 
printed report.  Any of the 
specifications used in geometric 
dimensioning and tolerancing can be 
checked with a coordinate measuring 
machine. 

     
  A STRAIGHTNESS  When used by themselves, tolerances 



 
TOLERANCE WITH A 
MAXIMUM MATERIAL 
CONDITION MODIFIER. 
 SPOTLIGHT THE 
MODIFIER. 

on features of size can be tedious 
to check.  More often than not, 
however, these tolerances are used 
with a maximum material condition 
modifier.  A couple of lessons from 
now, we will explain how to 
interpret this symbol. 

     
  A FUNCTIONAL GAGE IS 

USED TO CHECK A 
PART. 

 Among other things, the maximum 
material condition symbol means that 
you can use a functional gage to 
check the feature.  The gage allows 
you to check the parts more quickly, 
and without doing calculations. 

     
     
     

     
     
 


