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1 – Safety Instructions
- Do not place fingers in the path of the moving components (Can cause injury)
- Do not look directly into the Optical Micrometer light beam (Can cause injury)
- Do not drop the system (Can damage system)
- Do not unplug the motors from the motion control box while the box is plugged in or on
(Will destroy the box and the motors)
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2 – Assembly Instructions
When first receiving the device, plug the serial components into the back of the computer.
There are two serial ports to be put into the computer (Depicted in fig. 2.1)
- The beige serial port, for the motion controller, should be inserted into COM 1
- The blue serial port, for the Keyence Sensor, should be inserted into COM 3

Figure 2.1 - Connections to computer

-

Additionally, a computer monitor is required (not provided) and can be plugged into the
remaining serial port
Double check that all of the wiring from the motion controller to the motors is set up
(Shown in fig. 2.2)
- The motor connected to the linear stage must be plugged into the motor 0 terminal
on the motion control box.
- The homing sensor for the linear stage (mounted to the metal base plate) must be
plugged into the motor 0 homing sensor terminal on the motion control box.
- The motor connected to the rotational stage must be plugged into the motor 1
terminal on the motion control box.
- The homing sensor for the rotational stage (mounted to the linear stage) must be
plugged into the motor 1 homing sensor terminal on the motion control box.
- The power supply must be connected
- The serial connection (beige cord) must be connected to the controller

Figure 2.2 - Motor controller connections
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3 – Operating Instructions
3.1 – Setup Instructions
- Ensure that all connections within Keyence system are made (Transmitter and
receiver heads are connected, receiver head is connected to controller, blue serial
cord is connected to computer and controller). Once all connections are made, plug
in controller. LED display should light up immediately. Keyence recommends waiting
30 minutes after plugging in the unit before taking measurements.
- Plug in motion control box and flip red switch to ON. Green bulb should light up.
- Check that linear stage is near home position. If not, use the Manual Motor Control
program to move the linear stage to the correct position.
- Open the Manual Motor Control program by double-clicking the desktop
icon. (Alternatively, it can be found at
C:\Users|P11582Admin|Desktop|Rivetron Vis\App Build\ Manual Motor
Control.)
- Use the controls to move Motor 0 so that the leading edge of the homing
flag is placed just forward of the center of the homing sensor (See figure
3.1).
- Generally, the top speed of the motor should not exceed 150 and the start
speed should be about half the top speed. For top speeds under 60, the
start speed may equal the top speed.
- Start the Rivetron program by double-clicking the desktop icon. (Alternatively, it can
be found at C:\Users|P11582Admin|Desktop|Rivetron Vis\App Build\ Rivetron.)

Figure 3.1 - Position of homing flag in homing sensor before homing routine
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3.2 – Calibration
3.2.1 – Optical Micrometer Initialization

Figure 3.2 - Optical micrometer initialization

-

-

-

Click the “Change Settings” button, to confirm the current micrometer
settings are sent to the optical micrometer. (Refer to section 3.6 – Advanced
Settings for information on setting changes.)
Once the commands have been sent, the optical micrometer controller
sends back confirmation of all settings. When this is finished, the “Step 1
Ready” LED will light up.
This step can be performed at any time, in the event of a setting change.

3.2.2 – Motor Initialization

Figure 3.3 – Motor initialization

-

-

-

Click the “Initialize motors” button. The motor controller will undergo a
sequence of setting up the control communication, homing motor 0, and
homing motor 1. Total sequence time is about 30 seconds.
If the linear stage is too far from its home position initially (see section 3.1 –
Setup), than motor 0 may not home correctly and motor 1 will not home at
all. Pay close attention to make sure that the rotational stage moves during
the procedure. If it does not, repeat the process after the “Step 2 Ready”
LED comes on.
When the “Step 2 Ready” LED and the operator has observed both motors
move, than motor initialization is complete and the next step can begin.
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3.2.3 – Move Linear Stage to Start Position

Figure 3.4 – Initialization step 3

-

-

Click the “Move to start position” button. The linear stage will move
forward to the start position, so that it can be loaded with parts by an
operator.
Refer to the troubleshooting section for problems encountered with the
linear motion.

3.2.4 – Calibration Check
3.2.4.1 – Load Calibration Gauge Pin
- Remove a calibration pin from its container. The part will have a notch
around the circumference, near the center of the length. There will also be
one or more less pronounced notches near one end of the part (This serves
as the gauge pin ID – two notches for pin 2, etc…)
- Open the chuck so that the gauge pin will fit into it.
- Place the end of the gauge pin with the ID marks into the chuck, until it is
pressed up against the stop pin in the chuck.
- Tighten the chuck so that the pin is held in place.

Figure 3.5 - Gauge pin loaded in chuck

3.2.4.2 – Select Calibration Gauge Specification File
- Select a calibration gauge specification file using the file path text box or the
browser icon. A text file must be selected – excel files (.xls) will not
interface with the Rivetron program.
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-

It is recommended that only one gauge pin is used consistently with the
system. Two gauge pins are provided in the case that one becomes lost or
damaged. In the case that an additional pin must be made, a new
specification file can be made following the format of the others.

3.2.4.3 – Run Calibration Check Routine

Figure 3.6 - Initialization Step 4 panel on Initialization tab

-

-

-

With the part loaded and the correct specification text file chosen, press the
“Calibrate” button.
After completing the measurement sequence, specs and measured value
indicators will be filled in. The plot will show the gauge pin profile, with
specific features as found by the analysis routine shown.
If a measured value falls within the range of specifications, the
corresponding Pass LED will light. If both diameter and length
measurements pass, the “Step 4 Ready” LED will light.
If measured values repeatedly fail, action may be taken to recalibrate the
system.

3.2.4.4 – Calibration Change
- To recalibrate diameter measurements from the Optical Micrometer, follow
the directions for a 2-point calibration from the Keyence LS7000 Series
Operating Manual.
- Lengthwise measurements are based on the number of steps the linear
stage motor has moved (800 steps per revolution) and the Linear Stage
Constant (linear motion for one motor step). The Linear Stage Constant can
be changed on the Advanced Settings Page (Refer to section 3.6 – Advanced
Settings)
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3.3 – Rivet Testing
3.3.1 – Load Rivet
- Open the chuck so that the rivet will fit into it.
- Place the mandrel end of the rivet into the chuck, until it is pressed up
against the stop pin in the chuck.
- Tighten the chuck so that the rivet is held in place.

Figure 3.7 - Rivet loaded in chuck

3.3.2 – Setup Test Settings

Figure 3.8 – Test Setup pane on the Rivet Testing tab

-

-

-

Select a rivet specification file using the file path text box or the browser
icon. A text file must be selected – excel files (.xls) will not interface with
the Rivetron program.
To create an additional Rivet Specification File, follow the template file
located in the C:\Users|P11582Admin\Rivet Inspection Files\Rivet Spec Files
folder. When complete, save as a text file.
Make any required changes to the “Operator ID”, “Lot Number”, “Part
Number” or “Inspection Type” controls.
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3.3.3 – Perform Rivet Test
- Press the “Start” button to begin the rivet test.
- The rivet test consists of the following sequence of events
- The linear stage moves backward to near its home position.
- The linear motor homes.
- The linear profile slowly moves backward while the part profile is
scanned by the optical micrometer.
- If an error occurs during the linear scan, the linear stage returns to
the start position. If no error occurs, the positions for rotational
scan are determined.
- The linear stage moves a small distance, and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Stem” setting in the
advanced settings tab (See section 3.6 – Advanced Settings).
- The rotational stage moves past the tapered section of the stem
and to the start of the sleeve.
- The linear stage moves a small distance, and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Sleeve” setting in the
advanced settings tab (See section 3.6 – Advanced Settings).
- The linear stage moves a small distance, and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Head” setting in the
advanced settings tab (See section 3.6 – Advanced Settings).
- The linear stage returns to near the home position.
- The linear motor homes.
- The linear stage returns to the start position.
3.4 – Rivet Testing Results
3.4.1 – Simple Results Viewer

Figure 3.9 - Test status pane on Rivet Testing tab

-

-

When a test begins, the “Test Start Time” will be filled with correct value.
While running, the “Linear Scan Error Message” will display “running”. If an
error occurs, such as an important feature not found correctly, the indicator
will display the reason.
When the test is finished running, the “Test Complete” LED will light up.
If all measured values adhere to specification limits as dictated by the rivet
specification file, the “Part Pass?” LED will light up.
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3.4.2 – Detailed Results Viewer

Figure 3.10 - Measured Results pane on the Detailed Data tab

-

-

-

When the test is finished running, the values on the Measured Results pane
will be updated. Measured values are displayed in the text indicators, and
pass/fail for each value which is judged against specifications is indicated by
the corresponding LED.
Note that some values may be grayed out, depending on the type of rivet
tested. In fig. 3.10 a universal head rivet was tested, for which head angle
and land thickness are not measured.
If all measured values adhere to specification limits as dictated by the rivet
specification file, the “Overall Pass?” LED will light up. (In fig. 3.10, the
measured value for “B length” was over the max value specified by the
drawing.
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Figure 3.11 - Graphical Results pane on the Detailed Data tab

-

-

The Graphical Results pane shows plots of the linear and rotational data
from the previous test.
The linear scan viewer shows the side profile of the part, with features
identified by vertical colored lines.
The cursor tool bar, located under the legend, can be used to zoom in on
specific regions of the plot.
The Rotational Scan DIA plots (first row) show the recorded values of
diameter measured for the denoted region while the part was rotated.
Consistent values over 360° of rotation indicate the part is close to round.
The Rotational Scan B-EDGE plots (second row) show the recorded values of
the distance from the bottom edge of the micrometer to the bottom edge
of the part measured for the denoted region while the part was rotated.
Variations in this value over the 360° of measurement indicate the part
moved up and down, due to a bent mandrel or motion of the rotational
stage. Variation of about 0.025” is normal.
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3.4.3 – Rivet Inspection Test Files
- After each test is completed, a .csv file is written and saved to the “Rivet
Inspection Results” folder, found at C:\Users|P11582Admin\Rivet Inspection
Files\Rivet Inspection Results.
- Each results file contains information on the test settings, measurement
specifications, measured values, pass/fail decisions, current calibration
settings, and some advanced settings.
- Files names include the part model, timestamp (LabVIEW format, seconds
since 12:00am, January 1, 1904), and overall test result.
3.5 – Shutdown

Figure 3.12 - Shutdown tab

-

Prior to shutting down the program or disconnecting power from the motion control
box, the shutdown routine should be run.
Press the “Move to shutdown position”. This will move the linear motor back to its
home position, so that it will be ready when the machine is next used.
After the linear stage moves back and homes, the “In shutdown position” LED will
light up.
Press the “Stop” button once and the unit is ready to be turned off.

3.6 – Advanced Settings
3.6.1 – Password Protection

Figure 3.13 - Password protection on the Advanced Settings tab

-

To avoid unauthorized personnel from changing advanced settings, the
advanced settings cannot be changed without first entering a password.
The password is “admin” (case sensitive, without quotes or spaces).
To enter the password, type it into the “Enter Password” test box and click
OK. Do not type enter after typing the password, as that will advance the
text box to the second line. If enter is pressed, ensure that all data in the
text box is erased and try again.
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-

After all changes have been made, click the “Logout” button to protect the
page.

3.6.2 – Device Communication Settings

Figure 3.14 - Device Communication Settings on the Advanced Settings tab

-

These settings control which commands address which ports.
By default, the settings match the serial port connections specified in
Section 2 – Assembly Instructions.
The “Error out” box initiates the internal error handling and should not be
changed.

3.6.3 – Optical Micrometer Settings

Figure 3.15 - Optical Micrometer Settings on Advanced Settings tab

-

These settings control the setup commands sent to the optical micrometer
during the first initialization step (See section 3.2.1)
The Area Selection and Averaging Selection settings should not be changed.
The “Panel Lock” can be set to OFF in the case that the optical micrometer
requires recalibration. The Panel Lock should always be set to ON during
testing.
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3.6.4 – System Settings

Figure 3.16 - System Settings Pane on Advanced Settings tab

3.6.4.1 – Setup
- These settings control basic operation of the motion and data analysis.
- The “Linear Stage Constant” control represents the distance which the
linear stage moves for one step of the linear stepper motor. This value was
obtained through testing, and may require slight modification if wear of the
lead screw occurs.
- The “Steps per scan (calibration)” control is the number of steps which the
linear stage moves between consecutive measurements taken by the optical
micrometer while scanning a calibration gauge pin. The default value is 8,
which indicates that a diameter reading is captured every 0.25 thousandths
down the length of the part. This value can be reduced to decrease the
distance between measurements, but will increase the part scan time. It is
not recommended that the value be increased, as that may cause
inaccuracies in lengthwise measurements.
- The “Steps per scan (linear rivet scan)” control is the number of steps which
the linear stage moves between consecutive measurements taken by the
optical micrometer while scanning a rivet profile. The default value is 16,
which implies that a diameter reading is captured about every 0.5
thousandths down the length of the part. This value can be reduced to
decrease the distance between measurements, but will increase the part
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-

scan time. It is not recommended that the value be increased, as that may
cause inaccuracies in lengthwise measurements.
The hold angle limit is the angle of the sleeve with respect to horizontal, in
degrees, for which a part will be rejected. This eliminates measurement
error by denying parts which are incorrectly loaded or excessively bent.

3.6.4.2 – Rotational Scans per Segment
- The total number of rotational scans taken on the stem, sleeve, and head
can be changed for each different inspection type.
- The range of values for each control in the section is integers from 2 to 8.
Increasing the value above two will significantly increase the cycle time.
3.6.4.3 – Timing Control for Linear Motion
- When a command is sent to a step motor to move a number of steps, a
delay time must be used to wait for the motor to finish moving
- The delay time for most moves of the linear stage can be adjusted using
these controls.
- The rivet test consists of the following sequence of events, in which the
number in parenthesis corresponds to the number on the timing controls.
- The linear stage moves backward to near its home position (1).
- The linear motor homes.
- The linear profile slowly moves backward while the part profile is
scanned by the optical micrometer.
- If an error occurs during the linear scan, the linear stage returns to
the start position. If no error occurs, the positions for rotational
scan are determined.
- The linear stage moves a small distance (2), and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Stem” setting in the
advanced settings tab.
- The rotational stage moves past the tapered section of the stem
and to the start of the sleeve (3).
- The linear stage moves a small distance (4), and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Sleeve” setting in the
advanced settings tab.
- The linear stage moves a small distance (5), and then the rotational
stage makes a full rotation while the micrometer records data. This
is repeated based on the “Rotational Scans for Head” setting in the
advanced settings tab.
- The linear stage returns to near the home position (6).
- The linear motor homes (7).
- The linear stage returns to the start position (8).
- The timing controls (displayed in milliseconds) can be reduced to improve
cycle times.
- If the delay values are made too small, than the next batch of commands
may be sent to the motor before it has finished moving from the previous
step. This will cause unintended operation.
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-

Values will need to be changed for different length parts.
The current Rivetron program does not contain a way to save a batch of
values for a certain part. As various rivet types get tested and optimal values
are determined, they should be recorded for later use, and reentered when
testing the same rivet.
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4 – Maintenance
- Apply a small amount of lubrication to the lead screw and guide rails once a week, or if
binding of the system occurs. Use caution to not get any lubricant on the optical micrometer
transmitter or receiver faces.
- Occasionally inspect the system for loose bolts. Tighten if necessary.
- If fingerprints or grime collect on the optical micrometer transmitter or receiver faces, wipe
with a soft scratch-proof lens cloth and a small amount of Isopropyl alcohol.
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5 – Troubleshooting
The linear motor begins making a loud, high pitched noise and stops moving.
The type of stepper motors used in this system tends to have less torque when driven faster. As
a result, when the linear stage is driven at higher speeds, it is more susceptible to binding due to
any slight misalignment of the lead screw and guide rails. If this occurs, spray a few drops of TriFlow Teflon lubricant on the lead screw and guide rails, immediately in front of or behind the
linear stage. Use extra care to avoid spraying any on the optical micrometer or other system
components. After spraying, use the Manual Motor Control program to drive the linear stage
over the sprayed lubricant and through its full range of travel, repeating if necessary. When
complete, move the linear stage to its home position, and follow Initialization steps 2 and 3
before testing rivets.
The linear stage motion does not perform as it should during a rivet test. It may skip steps or
stop at a position other than the start position.
The process which the Rivetron program uses to send commands to the motors for each
individual movement is outlined as
- Send setup commands to open communication and choose which motor to operate
- Send commands to define the startup and top speeds
- Send command to define rotation direction
- Send command to define total number of steps to move
- Send go command, which starts motion
- Wait sufficient amount of time until motor has finished turning
- Send commands to close communication
If the wait time is shorter than the actual time it takes the motor to move, than the following
command to close communication will not be interpreted by the motion controller. As a result,
when the next command for motion is sent, the motion controller will not interpret it correctly.
This often results in motion which repeatedly loses and gains speed, changes direction
unexpectedly, or stop in a random location. This will affect the results of a rivet test, and make
subsequent tests impossible. The advanced settings tab contains timing controls, which define
the wait times for many movements of the linear stage (See section 3.6.4.3). Observe the rivet
test and determine which motion does not completely finish (the first movement which does
not briefly pause afterwards). The wait time for the step can then be increased with the
corresponding timing control.
Diameter measurements fail repeatedly during calibration check.
The optical micrometer may need to be recalibrated. Use the Keyence LS7000 series owner’s
manual to perform a 2-point calibration (Keyence manual, page 4-20.
Lengthwise measurements fail repeatedly during calibration check, or seem inconsistent
during rivet testing.
The value of the linear stage constant may need adjustment. See section 3.6.4.1 – Setup for
more information.
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