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Lesson: 1/14

Objectives

Identify the three most common trig ratios. 
Describe the sine bar. 
Describe common applications for a sine bar. 
Explain how to set up a sine bar angle. 
Determine the gage block size for a specific sine 
bar angle. 
Determine the measurement of the sine bar angle
using a gage block height. 
Explain how a gage pin helps you measure 
distances and edges on a part. Figure 1. Most sine bars have a 5 in. distance between their 
Find the information in the shop print to help you cylinders.
begin measuring a part on a sine bar. 
Use a trig ratio to find missing information in the 
sample problem. 
Solve for the total part height in the sample 
problem.

Figure 2. On a calculator, sine is read as SIN, cosine is COS, and
tangent is TAN.
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Sine, Cosine, and Tangent

The right triangle is one of the most common 
shapes to appear in a shop print. When calculating 
part dimensions, trigonometric ratios are often 
used to show the special relationship between the 
sides and angles of a right triangle. Figure 1 
illustrates the three most common trig ratios:

The sine of an angle is the side opposite the 
angle divided by the hypotenuse. 
The cosine of an angle is the side next to the 
angle, or the adjacent side, divided by the 
hypotenuse. 
The tangent of an angle is the side opposite 
the angle divided by the side adjacent to the Figure 1. Trig ratios are used to show the relationship between 
angle. the sides and angles of a right triangle.

To use these ratios, you must know either the 
reference angle and one side or the values for two 
sides of the right triangle. Also, you must place the 
value you are solving for on top of the ratio and the 
side you know on the bottom.

Sine, cosine, and tangent are often long numbers 
with many decimal places. Consequently, these 
numbers are often rounded to the nearest decimal 
place. In addition, these ratios are often looked up in 
tables, or a calculator is used to quickly find the 
values. On a calculator, sine is read as SIN, cosine is 
COS, and tangent is TAN, as Figure 2 shows.

A perfect example for demonstrating the value of 
knowing trig is the sine bar. This class will teach you 
how to use the sine bar for inspection and machining 
purposes. You will learn step-by-step examples for 
how to use trig ratios and the sine bar to find missing Figure 2. On a calculator, sine is read as SIN, cosine is COS, and 
information in a shop print. tangent is TAN.
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What Is the Sine Bar?

The sine bar is a steel bar with a matching cylinder 
on each end. The sine bar is a precision tool used 
for setting up work at various angles for the 
machining or inspection of parts. A sine bar is made 
of tool steel that has been ground and lapped to a 
high accuracy. It has a 5 or 10 in. distance between 
its cylinders. Most sine bars have a 5 in. distance, 
like the one in Figure 1.

Sine bars are often used to measure an angle with Figure 1. This sine bar has a 5 in. distance between its cylinders.
extreme accuracy. The machinist or inspector sets 
the sine bar at an angle that matches the angled 
surface of a part, as Figure 2 shows. This 
predetermined angle is formed by gage blocks, 
which accurately raise the sine bar to the specific 
angle. The rule for determining the height of the 
gage blocks for a particular sine bar angle is to 
multiply the sine of the given angle by the length of
the center distance of the sine bar, which is usually 
5 or 10 inches.

When you set the angle of the sine bar, you use 
gage blocks along with a surface plate. These 
components represent the sides of a right triangle, 
as you can see in Figure 3. The sine bar forms a 
hypotenuse, the gage blocks represent the opposite 
side, and the surface plate represents the adjacent 
side.

Figure 2. The machinist or inspector sets the sine bar on gage 
blocks, which raises it to the specific angle.
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Figure 3. The sine bar components represent the sides of a right 
triangle.
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The Purpose of the Sine Bar

A sine bar is often used for inspecting and 
machining parts. For inspection, the sine bar 
helps to accurately measure the required 
dimensions and angles on a part. Using the sine 
bar for inspection purposes usually requires a 
very precise setup. On the other hand, if a 
blueprint requires you to machine a specific angle 
on a part, you can use the sine bar to determine 
the measurement of that angle. The sine bar then
becomes a part of the machine setup.

Many times, you must grind the surface of a part 
to a required angle. The sine bar helps you 
properly position the part in the grinder to get 
the required angle, as Figure 1 shows. No matter 
which way you use a sine bar, it must always be 
either 5 or 10 in., and you must have a set of 
gage blocks. Gage blocks consist of a set of 
metal blocks in different lengths, as Figure 2 
shows. Gage blocks are available in different 

Figure 1. When grinding the surface of a part to a required angle, the grades of accuracy and are made to very tight 
sine bar becomes part of the machine setup.tolerances. When using the sine bar, the gage 

blocks determine the height of the angle.

Figure 2. Gage blocks determine the height of the sine bar angle.
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Setting the Sine Bar Angle: An Example

Imagine that you have a shop print requiring 
you to machine an angle on a part. Before you 
begin, you need a 5 in. sine bar and a set of 
gage blocks. First, determine the correct 
number and size gage blocks to use depending 
on the required angle. If your print requires you 
to machine a 36° angle on the part, you know 
that you must set your sine bar to 36 degrees.

Because you know that the sine bar propped on 
the gage blocks represents a right triangle, you 
can use a trig ratio to find the gage block 
height. Consider the sine bar right triangle in 
Figure 1. You have a reference angle of 36°, and
you know that the hypotenuse, or sine bar, Figure 1. You can use the sine ratio to find the gage block height.
represents a constant length of 5 inches. The 
value you need to solve for is opposite the 
reference angle, and you know that opposite 
over hypotenuse requires the sine ratio. 
Therefore, your problem looks like this: SIN 36 
= X / 5. Enter 36 into the calculator, and press 
the SIN key. Your display should read 0.5878. 
Multiply this number by 5 (0.5878 X 5 = 
2.9389), which gives you 2.9389 for the gage 
block height.

After you set up your gage block height and 
prop the sine bar on the gage blocks, you can 
set your part on the sine bar. Your part should 
be tilted at exactly 36 degrees. If the upper 
edge of the part is parallel with the surface 
plate, as Figure 2 shows, then the angle of your 
part is equal to the set sine bar angle.

Figure 2. If the upper edge of the part is parallel to the surface plate, 
the angle of the part is equal to the set sine bar angle.
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Determining Gage Block Size

Just as you use a sine bar to machine an angle, you can also 
set up the sine bar to inspect a part. The sine bar helps you 
precisely measure the required angles and dimensions on a 
part.

Before you begin inspecting a part with the sine bar, you must
have a 5 in. sine bar and a set of gage blocks. Consider the 
sine bar setup in Figure 1. You know that your part requires a 
34° angle. Therefore, you must set your sine bar to 34 
degrees. To do this, find your gage block height. Remember 
to think of the gage blocks and sine bar as a right triangle. 
You must find the value of the side opposite your angle, which
is the height of the gage blocks. You also know that the 
hypotenuse is 5.0000, and you must place the unknown value
on top of your equation. Figure 1. You must find the gage block height for a 34° 

sine bar angle.
Therefore, your equation looks like this: SIN 34 = X / 5.0000, 
as shown in Figure 2. Enter 34 into your calculator, and press 
the SIN key. Your display should read 0.5592. Next, multiply 
this number by 5 (0.5592 X 5 = 2.7960), which gives you 
2.7960 for the gage block height. Now you can place the 
correct number and size gage blocks under one side of the 
sine bar.

Figure 2. The gage block height for a 34° angle is 2.7960 
in length.
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Determining the Sine Bar Angle 

In some applications, you may know the height of the gage
blocks you want to use, but are not given the reference 
angle. This may be the case if a blueprint shows you the 
distances between the starting and ending points of an 
angled surface, but no angle is specified. In this case, you 
must determine the measurement of the angle you create 
once you set up your sine bar.

Consider the sample problem in Figure 1. If you know the 
gage block size and need to find your sine bar angle, you 
can work with the same basic formula shown in Figure 2. 
This time, however, the angle is your unknown. Divide the 
gage block size by the known sine bar constant of 5.0000 
in. (2.7959 ÷ 5.0000 = 0.5592). Then, to find the sine of 
the angle in degrees, press the 2nd key and the SIN key, Figure 1. For this sine bar setup, you must find the reference
which gives you an angle of 34 degrees. angle.

Figure 2. You must take the sine of 0.5592 to find the 
measurement of angle X.
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Determining the Gage Pin Height

A cylindrical gage pin, shown in Figure 1, is often used 
with the sine bar to obtain a full range of 
measurements. You may need to measure the angle on 
the part, as well as all distances and edges. Without a 
gage pin, you are limited in the number of 
measurements you can easily obtain.

During setup, simply place the pin on top of the sine bar
in its corner. The gage pin provides an easily accessible 
surface on the sine bar, which gives you a known height 
from which you can measure all distances and edges on 
the part. You can then compare these distances to the 
known gage pin distance. Because the gage pin is 
cylindrical, no matter where a part contacts the pin, any

Figure 1. A cylindrical gage pin is often used with the sine bar.point on the cylinder is the same distance from its 
center. In other words, no matter how much the sine bar
tilts, the point of contact is always the same distance on
the pin. This is because any radius from the center of a 
cylindrical gage is the same distance. However, if you 
are merely checking an angle, you can use the sine bar 
without the gage pin.

You know your reference angle and have determined the
gage block height. Before you can inspect the part, you 
must set a gage pin on the sine bar and find its height. 
To simplify calculations, choose a gage pin with a 0.2000
in. diameter. Use a height gage to measure the 
distance from the surface plate to the top of the gage 
pin, as shown in Figure 2. Also, remember that all 
distances on the part are measured from the surface 
plate. When this sample sine bar is set to 34°, the 
height of the gage pin is 1.7148 in length, as Figure 3 
illustrates. Keep in mind that every sine bar is slightly 
different and may yield different heights.

Figure 2. Before you can inspect the part, you must find the 
height of the gage pin.
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Figure 3. When this sine bar is set to 34°, the height of the 
gage pin is 1.7148 in length.
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Checking Dimensions: Sample Part

Consider the complete sine bar setup in Figure 1. 
Your sine bar angle is 34°, and the height of your 
gage pin from the surface plate is 1.7148. You are 
ready to place the part on the sine bar and begin 
your measurements. You must solve for the total 
height from the top of the surface plate to the top of
your projected angle on the part. Remember, the 
angle of the part on the sine bar must be parallel to 
the surface plate. This ensures that you have 
properly set up the sine bar.

Consider the part in Figure 2. This is the view of the 
part as you would see it on a print. You can see that 
a 34° angle indicates the part's taper and matches 
the angle of your sine bar setup. You are given the Figure 1. The complete sine bar setup.
length of the part (6.0000) and the distance from 
point D to C (1.0000). If you place the part on the 
sine bar, as shown in Figure 3, you must first 
subtract half the diameter of the gage pin from the 
length of the part (6.0000 – 0.1000 = 5.9000), 
which equals 5.9000 in length. Now you are ready to
begin measuring the part.

Figure 2. The part in the print has a 34° angle that matches the 
angle of the sine bar setup.
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Figure 3. When you place the part on the sine bar, you must 
subtract half the diameter of the gage pin.
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Sample Inspection: Right Triangle #1

Before you begin measuring distances on the part, 
remember that the part is on the sine bar. 
Therefore, your view changes, and you see the part 
tilted at a 34° angle. Your next step is to start 
finding the distances that will help you solve for the 
total part height. Remember that the sine bar 
represents a right triangle. Therefore, you can 
impose an imaginary right triangle on your part to 
begin solving for distances.

Consider the right triangle on the part in Figure 1. 
The sine bar is not shown in this view. You know that
your reference angle is 34°, and the adjacent side of 
the triangle is the length of your part (5.9000). 
Therefore, you can use the tangent ratio to find the 

Figure 1. You can use the tangent ratio to find the length of the length of the opposite side of the triangle. Your 
opposite side of this right triangle.equation looks like this: TAN 34° = X / 5.9000. 

Multiply 5.9000 by the tangent of 34° (5.9000 X 
0.6745 = 3.9796). Side G of your imaginary triangle 
is 3.9796 in length.
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Sample Inspection: Right Triangle #2

Now consider the given distance from D to C, which is
1.000. As you can see in Figure 1, you can create a 
right triangle in this space, but you must first 
subtract half the diameter of the gage pin (1.000 – 
0.1000 = 0.9000) to get 0.9000 as the length of the 
hypotenuse of this triangle.

Your next step is to visually move this triangle above 
your first constructed triangle. This aligns the 
distances better and allows you to use your 
knowledge of the basic rules of geometry lines and 
angles to find the values of the angles in the right 
triangle.

You know that the hypotenuse is 0.9000 in length. By
Figure 1. You can use the cosine ratio to find the length of the using the sum of a triangle's interior angles and 
adjacent side of this right triangle.vertical angles you can quickly find that you have a 

reference angle of 34°, as shown in Figure 1. You 
want to find the vertical distance of the side adjacent 
to the reference angle. This vertical distance helps 
you find the total part height. Therefore, you use the 
cosine ratio to find the length of the adjacent side. 
Your equation looks like this: COS 34 = X / 0.9000. 
Multiply 0.9000 by the cosine of 34 (0.9000 X 0.8290
= 0.7461). The adjacent side of triangle F is 0.7461 
in length.
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Sample Inspection: Right Triangle #3

Consider the first original right triangle you created in
Figure 1. You found that the distance of the opposite 
side G of the 34° angle is 3.9796 in length. You must 
now use this distance to create a third right triangle, 
which is shown in Figure 2. This distance becomes the
hypotenuse of your new right triangle.

Consider the new right triangle in Figure 2. The 
hypotenuse is a transversal line that intersects the 
vertical sides of both triangle #2 and triangle #3. 
Therefore, you also have a 34° reference angle at the
top of triangle #3 and a hypotenuse of 3.9796 in 
length. Because you want to find the total part 
height, you must establish a series of distances that 
are perpendicular to the surface plate. Therefore, the 

Figure 1. You can use the distance 3.9796 to create a third right distance you must find is the adjacent side of the 
triangle.reference angle, which is a height perpendicular to 

the surface plate. You must use the cosine ratio to 
establish the length of height H. Your equation looks 
like this: COS 34° = X / 3.9796. Multiply 3.9796 by 
the cosine of 34 (3.9796 X 0.8290 = 3.2992). The 
length of side H is 3.2992.

Figure 2. You can use the cosine ratio to find the height of the 
adjacent side of this right triangle.
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Sample Inspection: Solution

Throughout the previous steps, you constructed 
three right triangles to find the values for the 
total height of the part from the surface plate to 
the top of the 34° projected angle, as Figure 1 
illustrates. You must now add these 
perpendicular distances to find the total part 
height.

Consider right triangle F. Its vertical side gives 
you a distance of 0.7461 to the top of the 
projected angle. You also have a vertical 
distance of 3.2992 for triangle H. Add these two 
distances (0.7461 + 3.2992 = 4.0453) to get a 
height of 4.0453 for both triangles.

Remember that you established a height of 
1.7149 from the surface plate to the top of the 
gage pin. You must add this height to the other Figure 1. The total part height from the surface plate to the top of the 
value (1.7149 + 4.0453 = 5.7602) for a distance projected 34° angle is 5.6602 in length.
of 5.7602 in length.

Finally, because you constructed your triangles 
from the center point of your gage pin, you must
subtract half its diameter (5.7602 – 0.1000 = 
5.6602) for a total part height of 5.6602 in 
length. You can now use this height to measure 
the angled surface of the part with a height gage
and ensure that the part meets its specifications,
as Figure 2 shows.

Figure 2. You can use the total part height to measure the part with a 
height gage and ensure that it meets specifications.
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Summary

The right triangle is one of the most common shapes
to appear in a shop print. When calculating part 
dimensions, trigonometric ratios are often used to 
show the special relationship between the sides and 
angles of a right triangle. The three most common 
trig ratios are sine, cosine, and tangent.

The value of using trig is demonstrated with the sine 
bar. The sine bar is used for setting up work at 
various angles for the machining or inspection of 
parts. Sine bars are often used to measure an angle 
with extreme accuracy. The machinist or inspector 
sets the sine bar at an angle that matches the 
angled surface of the part. This predetermined angle
is formed by gage blocks, which raise the sine bar to 
the specific angle. The rule for determining the 
height of the gage blocks is to multiply the sine of 
the given angle by the length of the center distance 
of the sine bar.

Figure 1. The machinist or inspector sets the sine bar on gage 
The sine bar components represent the sides of a blocks that match the set sine bar angle.
right triangle. The sine bar forms the hypotenuse, 
the gage blocks represent the opposite side, and the
surface plate represents the adjacent side. 
Therefore, in shop prints, you can create right 
triangles on the part to obtain accurate 
measurements. You can also use a sine bar to 
machine a specific angle on a part. The sine bar 
becomes part of the machine setup.

Figure 2. Trig ratios are used to find information about the sides 
and angles of a right triangle.
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Class 
Vocabulary
Term Definition

In a right triangle, the ratio of the length of the side adjacent to the angle divided by the hypotenuse.cosine
A hardened steel block that is manufactured with highly accurate dimensions. Gage blocks are available in gage block
a set of standardized lengths.

A cylindrical pin often used with the sine bar, which helps determine a range of precise measurements. A gage pin
gage pin provides an easily accessible surface and a known height from which you can measure all 
distances and edges.

A type of measuring instrument with a precision finished base, a beam that is at a right angle to the base, height gage
and an indicator.

The longest side of a right triangle. The hypotenuse is always opposite the 90° angle in a right triangle.hypotenuse
The measured, or known angle in a right triangle other than the 90° angle.reference angle
A triangle containing one angle that measures exactly 90 degrees.right triangle
In a right triangle, the ratio of the length of the side opposite the angle divided by the hypotenuse.sine
A steel bar with a matching cylinder on each end that is used for setting up work at various angles for the sine bar
machining or inspection of parts. A sine bar is ground and lapped to a high accuracy.

A hard, flat surface, usually made of granite, which is used as a base for inspecting parts.surface plate
In a right triangle, the ratio of the length of the side opposite the angle divided by the adjacent side.tangent
A line that intersects two or more lines at different points.transversal line

trigonometric A ratio that describes a relationship between a side and angle of a right triangle.
ratio

Two angles that share the same vertex and are positioned directly opposite one another. Vertical angles arevertical angles
formed whenever two lines intersect.
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