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Chapter 2

Coordinate Measuring
Machine

What is a bridge Coordinate Measuring Machine (CMM)? Essentially it is a robot
which measures the geometry of parts of almost any shape to high precision. During
measurements, machine axes are moving with the use of drive mechanisms. In
order to obtain good performance and high precision results, vibrations in moving
machine axes must be minimized. Thus damping of drive mechanisms is very
critical to the system. This chapters presents details of an existing CMM, its
machine parts and their purpose.

2.1 Understanding the CMM

A Cartesian coordinate system is used to describe the movements of the measuring
machine. The coordinate system allows for location of features relative to other fea-
tures on workpiecies. A coordinate system is a lot like a street map with buildings,
see Figure 2.1.

To walk to the apartment on the second floor in the house from the subway
station, a person can walk two blocks along 1st Ave, three blocks on 3rd Street and
up one floor in the house. This location can also be described by the coordinates
4-D-2 on the map, corresponding to the X, Y and Z axes of the machine. These
coordinates describe the apartment location.

A coordinate measuring machine works in much the same way as ones finger
when it traces map coordinates; its three axes from the machine’s coordinate sys-
tem. Instead of a finger, the CMM uses a probe to measure points on a workpiece,
see Figure 2.2. Each point on the workpiece is unique with respect to the machine’s
coordinate system. The CMM combines the measured points to form a feature that
can be related to all other features.

There are two types of coordinate systems for a CMM. The first is called the
Machine Coordinate System. In Figure 2.3, the X, Y and Z-axes refer to the

www.manufacturing.coo.ir

manufacturengineers.blogfa.com




Iman Motamedi

Text Box

           www.manufacturing.coo.ir

      manufacturengineers.blogfa.com





6 Coordinate Measuring Machine

3rd Ave
2nd Ave

1st Ave

1
Subway
station

Figure 2.1. The idea of a coordinate system in a coordinate measuring machine. The
coordinate system can be interpreted as a street map with unique positions.

machine’s motions. When viewed from the front of the machine, the X-axis runs
from left to right, the Y-axis runs from front to back, and the Z-axis runs up and
down, vertically perpendicular to the other two.

The second coordinate system is called the Part Coordinate System where the
three axes x, y and z relate to the features of the workpiece.

2.2 The CMM System

The CMM system consists of a controller cabinet, a jog-box, a PC and the mechan-
ical structure. In the cabinet there are driver units for the electrical motors and
the computers used for the control. See Figure 2.4 for a picture of the controller,
B3C-LC. The cabinet also contains connections to the environment, like I/O ports
and a network interface.

The jog-box is used when teaching or manually moving the measuring machine.
The jog-box is pictured in Figure 2.4. The PC is used for running measuring
software that can communicate with the controller. The mechanical structure
basically consists of three linear guideways with drive and scale systems. A picture
of the mechanical structure can be seen in Figure 2.5. A very important guideway
in the Z-axis direction is the Z-axis drive mechanism. Connected to this drive
mechanism is the probe which traces workpieces that are desired to be measured.

In this study only the core of the CMM system is considered and therefore a
short presentation of the mechanical structure and the controller is given in the
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Z — axis

Workpiece

Probe

Y —axis

Origin

Figure 2.2. The probe and a workpiece. The probe works like a finger when it traces
map coordinates.

following sections.

2.3 The Mechanical Structure

In this section the mechanical structure of the Global A is introduced. Furthermore,
the Y-axis drive mechanism is discussed and a simplified measuring example is
given.

The CMM mechanical structure in Figure 2.5 consists of a workstand, a granite
table, a bridge, the Y-axis drive mechanism, the X-beam assembly, the Z-tower,
the Z-rail and a probe. All machine coordinates are given in a Cartesian coordinate
system. According to Table 2.1, position of machine parts are shown in Figure 2.5.

The granite table is mounted on top of the stable workstand. Parts to be
measured are placed and fixed on the table. The bridge is mounted on the Y-axis
drive mechanism. The drive mechanism moves the bridge along the Y-axis.

The X-beam assembly consists of a drive mechanism, similar to the Y-axis drive
mechanism. The only difference is it makes the Z-tower move along the X-axis.
The Z-tower is mounted on top of the X-beam assembly. The Z-tower also has a
drive mechanism similar to those above, it moves the Z-rail up and down along the
Z-axis. The probe is mounted at the end of the Z-rail. It’s purpose is to register
contacts with the workpiece surfaces. The probe is basically a very sophisticated
switch. To simplify this investigation, only the Y-axis and its drive mechanism are
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Al Y - agis

X —axis

Figure 2.3. The machine coordinate system of a CMM.

| Machine Part | Number |

Workstand (1
Granite Table

Bridge

Y-axis Drive Mechanism
X-Beam Assembly
Z-Tower

Z-Rail

Probe

2
3
4
5
6
7
8

/\/—\AA/—\/—\/—\
(NGNS NN

Table 2.1. Machine Parts of the studied coordinate measuring machine. The given
numbers are used to relate the machine parts to where they are assembled in Figure 2.5.

considered.

2.4 The Y-axis Drive Mechanism

In this section the Y-axis drive mechanism is presented. A simplified measuring
example is also given. See Table 2.2 and Figure 2.6 for the system parameters and
explanation of symbols. The main part of the drive mechanism is a DC motor
which is connected to a pulley (A). Pulley (B) is connected to pulley (A) with
a belt. Pulley (€) is mounted on pulley (B). Finally, pulley (D) is connected to
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Figure 2.4. The controller, B3C-LC (left). The jog-box (right) used for teaching or
manually moving the coordinate measuring machine.

pulley (€) with a belt. The bridge (&) is connected to the belt.

The bridge position y, in Figure 2.6 and the motor shaft angle 6 are derived
from linear and rotary encoder readings. The angular velocity w is measured by a
tachometer attached to the motor shaft.

The following example explains what happens when the width of a box is mea-
sured, see Figure 2.7 and Figure 2.8.

Example 2.1 When the width of a boxr is measured, the following actions take
place:

e The bridge moves until the probe indicates a hit with the front surface, see
Figure 2.7.

e The position of the bridge is read by the linear encoder and stored in the
controller.

e The bridge moves from the opposite side towards the back surface until a hit
1s registered by the probe, see Figure 2.8.
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Figure 2.5. The picture shows the mechanical structure of the CMM. The given numbers
indicate the machine parts given in Table 2.1.

e The new position is read by the linear encoder and stored in the controller.

e The two position readings are subtracted from one another and the result is
the value of the width.

If the machine vibrates due to lack of damping in the drive mechanism, the probe
may not register a true position of the bridge. This explains why damping of drive
mechanisms are critical in the system.
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| Symbol | Explanation | Value |
A Pulley attached to the motor shaft
B Pulley connected to pulley A with a belt
e Pulley mounted on pulley B
D Pulley connected to pulley €
& The bridge
71 Radius of pulley A 8.5 mm
ro Radius of pulley B 56 mm
r3 Radius of pulley C 13.2 mm
T4 Radius of pulley D 13.2 mm
m Mass of the bridge &€ 70kg
Ub Position of the bridge.
0 Motor shaft angle.

Angular velocity of the motor shaft.

Table 2.2. System parameters.

T3

(] D

Figure 2.6. The drive mechanism of the Y-axis.

2.5 The Controller, B3C-LC

The main parts of the controller are the cabinet with the contained hardware and
the jog-box. In the cabinet the main processor that executes the firmware is an
Intel™ 486 processor. The cabinet contains a board with a three axes drive unit
for control of the drive mechanisms of the X,Y and Z-axes. Each axis can be
individually tuned to optimize the drive characteristics. There are other types
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Figure 2.7. Measuring the width of a box. The bridge moves until the probe indicates
a hit with the front surface.

of boards that can be inserted to increase performance and functionality. In this
investigation a module that allows the user to input analog signals to the hardware
servo controller section is used. Furthermore the system has an optional board for
Ethernet communication. Inside the cabinet there is also a possibility to connect
digital or analog I/O for control.

As mentioned previously the controller, B3C-LC also includes a jog-box shown
in Figure 2.4. On the jog-box there is a 3-DOF (Degrees Of Freedom) joystick
which can be used in several modes. Essentially the jog-box allows the user to
move the bridge in the Y-axis direction, the Z-tower in the X-axis direction and
finally the Z-rail in the Z-direction. Hence, since the probe is connected to the
Z-rail it is possible to move the probe in the X, Y and Z directions of a Cartesian
coordinate system. Typically, the jog-box is used to teach the CMM to trace points
on workpieces.
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Figure 2.8. Measuring the width of a box. The bridge moves from the opposite side
towards the back surface until a hit is registered by the probe.

2.6 The Controller Software

There are a lot of different software programs involved when programming and
running the measuring machine. First of all the controller and the control system
need to be switched on and booted. This is done using Ethernet because of con-
nection with the measuring software. Mainly, a measuring software product called
PC-DIMIS™ (Wilcox, 2001) is used for complex measurements. However, in this
work a more simple software called Testsoft™ (B&S, 2000) is used. This software
is used for controlling the CMM using simple instructions like:

Example 2.2 A Testsoft™ instructions can look like
movdlt 100,200, 50
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which makes a relative movement: the bridge moves 200 mm in the Y-azis direction,
the Z-tower 100 mm in the X-azis direction and finally the Z-rail 50 mm in the
Z-direction.

Example 2.3 Another important Testsoft™ instruction is

autzer

which moves the bridge, the Z-tower and the Z-rail to a certain known position and
wnitializes the scale systems, in this case, linear encoders.

Both programs are used on a terminal which communicates through Ethernet with
the controller.

2.7 The Control System

Here a typical control structure for controlling CMM drive mechanisms is given.
A schematic view of the system is given in Figure 2.9. It contains five blocks, Fj,
F, and PID representing the actual controller, and the two other blocks are the
DC motor and the drive mechanism. The feedback transfer function F is used for
angular velocity feedback from the motor with a tachometer. The transfer function
F}, is used for position feedback with a linear encoder.

The PID regulator is used to tune system characteristics. Normally the DC

Drive mechanism

— y(t)
DC motor
r(t) w 7 | y()
s 5 0 (\Q) O
F |
5|

Figure 2.9. An example of a CMM drive mechanism controlled with two feedback
controllers and a PID.

motor is treated as a second-order transfer function and the drive mechanism as a
static gain depending on the gear ratio of the system. For instance, for the Y-axis
drive mechanism the gear ratio can easily be measured by turning the DC motor
shaft one revolution and reading the bridge position. However, to increase position
accuracy and stiffness of drive mechanisms there is a high demand on accurate
models of the system to achieve good performance and better control of the CMM.
The input to the system is the armature current reference signal. In the work to
be presented the output is normally bridge position.
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