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Notational items or warnings will appear in Yellow Boxes.
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2. Introduction
The Scratch 4 Operating Software 2.1.0 is the newest implementation of the operating software for your

Scratch 4 Machine. This version is a ground-up rewrite, designed to address the major outstanding issues of

the 1.x series Scratch Operating Software, as well as to reduce the complexity of using and maintaining the

Scratch 4 Machine.

2.1. Software Features

Rising Load and Constant Load Tests – you can still perform rising, falling, and constant load tests.

Jogging and Positioning – the software allows you to jog or position the head above your samples.

Jogging is used to perform setup prior to conducting a test. Jogging the head should never be used to

perform a scratch test.

Projects – the concept of a Project has been introduced, which allows you to save your Scratch settings for

use and re-use at a later date.

Automatic Save File Increments – you can specify a directory and a sample name, and the software will

automatically save scratch data using your sample name in consecutively-numbered files.

Integrated Scratch Data Viewer – the operating software now includes an integrated Scratch Data

Viewer, which allows you to view your data without resorting to third party tools. Additionally, the Scratch

Data Viewer can automatically find the onset of Scratch, and display only the Scratch region of the Scratch

Data. The Scratch Data Viewer can also be used to load old Scratch Data files.

Integrated Diagnostics – the software now includes real-time diagnostic information for use by SMS

support staff.

NOTE: the options on this screen can be potentially hazardous to your Scratch Machine. Do not use
the options unless directed to do so by a qualified technician.

Integrated Calibration – calibration has never been simpler or more powerful! The new calibration system

allows for full-range table-based interpolation over the sensor range. Calibration has become much easier

with the new Calibrator screen. You can now take readings directly within the operating software, and these
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readings are translated into calibration profiles automatically. A special screen is available for Depth

calibration.

Scratch Machine Finder – now, when the machine is power cycled, you do not have to restart the

Operating Software. New operating logic allows the Operating Software to recover when the machine is

halted, and to discover the machine when attached. Additionally, the software includes options to clear

emergency halts, and to perform first-boot operations to reset the Scratch 4 Machine without restarting the

Scratch Operating Software.

Smaller, Easier Installation – the new Scratch 4 Operating Software is less than 1 MB in size, and includes

a basic Windows Installer. This compares to the previous installations which were greater than 1 GB in size

each (almost 2000 times as big!)

Extra Tools – the Scratch 4 Operating Software includes two new tools with the installation: a stand-alone

Scratch Data Viewer, and a stand-alone Machine Discovery Tool. The first tool can be used to inspect and

graph Scratch Data without resorting to third-party tools or having to keep the Scratch Operating Software

running. The second tool allows you to determine if you Scratch Machine is appropriate connected and

powered on without having to start the Scratch Operating Software.

2.2. Scratch 4 Machine Overview

The Scratch 4 Machine is an efficient, easy-to-use, device that generates controlled scratches and mars on a

variety of surfaces including polymers, metals, wood, glass, and ceramics. The Scratch 4 Machine applies

controlled constant or rising loads to the scratch tip, while translating the scratch tip across the surface of a

sample for a specified length at a desired velocity. The Scratch 4 Machine is capable of performing ASTM

D7027-05 and ISO 19252 scratch standard tests as well as replicating other popular tests. This manual will

help you set up, operate, and maintain your Scratch 4 Machine.
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Using the machine and processing test data are simple. Real-time information from each test, such as

horizontal displacement, vertical displacement, normal load and tangential load as a function of time, are

recorded and written to a plain text file for processing. The execution of tests, data capture, and storage are

controlled by a software interface provided on the Windows PC.

A single person can operate the Scratch 4 Machine with ease. Test time is about two to three minutes for

each sample. No specific additional components are required for basic scratch operations, although other

attachments may be useful for non-standard scratch tests and mar tests. The machine is equipped with an

emergency stop switch for operator safety.

Below is a table of the basic operating requirements and testing modes for the scratch machine.

Parameter Specification
Space Requirement 43” wide, 29” deep, 20” tall
Test Modes Constant Velocity

Constant Normal Load

2.2.1. Specifications

The Scratch 4 Machine is capable of performing scratch tests in four different modes. For the various testing

modes, the machine is equipped with operating and data sensing capabilities to address different experimental

needs.
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Parameter Range
Sample Thickness 0 – 12.5 mm

Z-Load Cell (Normal) 0.05 – 200 N

X-Load Cell (Tangential) ± 200 N

Z-Displacement Sensor (Depth) 0 - 5 mm

X-Displacement Sensor
(Position)

Full scale

Scratch Velocity 0 – 400 mm/s

2.2.2. Comments on Specifications

Scratch Velocity

Impulsive Effect – Due to the abrupt change of movement of the Scratch Head Assembly at the beginning

and end of tests, there will be a record of sudden increase in the tangential force. This tangential force is

called the impulsive effect. Such an impulsive effect will become more apparent with higher scratch

velocities. When selecting a scratch velocity and interpreting data, users are to take note of such an effect.

Normal Load

Initial Load Constraints – The minimum load is 0.5 N.

Scratch Length

Tip Starting Point

Scratch Tip

Sample

Backing Plate (Optional)

Work Surface
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2.2.3. Sample Thickness
The maximum allowable distance between the mounting surface and the scratch tip is 25 mm. Therefore

maximum thickness of a sample must be no more 25 mm measured from the sample’s bottom surface to the

highest point on the sample’s top surface. Users should also take note of any existing curvature when

determining the sample’s maximum thickness.

The minimum sample thickness is to be determined by the user, taking into account the relative hardness of

the sample and the load of the scratch. If the sample is very thin and soft relative to the normal load, there

may be a possibility that the tip will plough through the sample and damage the machine’s work surface. As a

result, the scratch tip, work surface, and other components of the machine may be damaged. It is very

important that the work surface remains undamaged in order to execute scratch tests correctly.

When conducting tests on very thin or very soft specimens, it is recommended to use a backing plate from a

hard, smooth, material such as polycarbonate or aluminum. Backing plates can also be acquired from Surface

Machine Systems. The backing plate should be thick enough to prevent gouging and should be clamped

between the specimen and the work surface.

Finding a solid, secure, vibration-free location for the Scratch 4 Machine is critical for acquiring the best

scratch test results.

2.3. Location
The machine should be placed on a sturdy workbench or laboratory table. The workspace should be clean,

dry and free from anything that could potentially damage the machine or its components (volatile chemicals,

bottles that could fall over, high pressure devices, loose paper, etc.). Ample space should be allowed for the

operator to access the Testing Apparatus and User Interface System conveniently.

The user should avoid locating the unit next to large machinery which may generate interference or

mechanical vibration. This includes equipment such as power generators, air conditioning units, hydraulic

pumps, air compressors, induction furnaces, etc. The electric fields, magnetic fields, and mechanical vibration

produced by such equipment can cause interference in the sensors, which will compromise the experimental

data.

If the machine must be moved on a regular basis, it is recommended that a sturdy cart for this purpose be

acquired before the machine is installed. The machine is very heavy and cumbersome, and not easy to
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relocate once it is installed. Surface Machine Systems has carts specifically designed for use with your Scratch

4 Machine.

The machine should be leveled once it is positioned for use. This is done by placing a spirit level on the work

surface and then adjusting the feet on the machine until the spirit level reads level. Either a “bulls-eye” or

cylinder-type level may be used. If a standard level is used then check both the X and Y directions (width and

depth).

2.4. Basic Assembly
For the assembly of the machine, the basic tasks are as follows.

1. Unpack the various components of the machine.
2. Place each component in its desired location.
3. Connect all cables to the required ports. Each cable is explicitly labeled to avoid confusion.
The scratch head assembly of the Scratch 4 Machine is fabricated to high precision. Extreme care must
be exercised when handling the machine. Never use the scratch head as a handle.

4. Remove all zip ties or other restraining devices on the Scratch 4 machine.
5. Install the scratch software:

a. If your Windows PC does not have NI-DAQmx software installed, perform a default installation of
this software. If you Scratch 4 machine shipped with a Windows PC, SMS has already performed
this installation for you.

b. Download or copy the Scratch 4 software installer to the Windows PC.
c. If the software is compressed (it will show with a Zip icon, or have the .zip extension), decompress

the software. Make note of where the software is decompressed to.
d. In the software distribution folder, double-click the Setup icon, and perform a default installation of

the Scratch 4 software.
6. Install a scratch tip.
7. Plug the main power cable into a wall outlet.





Surface Machine Systems

13

3.2.1. The Scratch Head Assembly
The scratch head assembly is the only removable part of the Testing Apparatus. It houses the scratch tip and

various sensors used for data capturing. Great care must be taken when handling the assembly as its parts are

fabricated to high precision. Individual parts with their functions are listed as follows:

Scratch Head Assembly

Work Surface
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4. Operating the Scratch Machine
With a little practice, the basic operation of the Scratch 4 Machine can be mastered by anyone.

4.1. Startup

4.1.1. Visual Inspection of the Machine

Before testing a specimen, the Testing Apparatus should be carefully inspected.

1. Check for loose bolts in the scratch head, mounting brackets, bearings, etc.

2. Make sure that adequate clamps are available

3. Inspect the scratch tip for damage and make replacement if needed

4. Check for interference between moving parts

5. Make sure that the computer is turned on and functioning

6. Make sure that the connections to the computer are secure

4.1.2. Test Apparatus Power
The main power switch for Scratch 4 Machine is located on the left side of the Testing Apparatus. This

switch will supply power to the Testing Apparatus. A red emergency stop switch is located next to power

switch. This switch must be in the out position for the machine to turn on. A green light indicates that

power is being supplied.

Turning On

In order to turn the machine on, follow these steps:

1. Make sure you have exited or quit the Scratch 4 software.

2. Twist the red button in the direction of the arrows so that it “pops” out.

3. Depress the green button to turn the machine on. The green button will illuminate to indicate that the

machine is turned on.

4. Open the Software by finding the Scratch 4 software in the Windows Start Menu.

The machine must be turned on (green light illuminated) BEFORE the scratch software is started. The
machine will not operate correctly if the software is started first.
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5. A Basic Scratch Test
The Scratch 4 Machine is capable of running a wide variety of scratch and mar tests, including those specified

under ASTM D7027-05 or ISO 19252:2008. The Scratch 4 can also emulate other scratch standards

developed by others. Some tests may require the use of specialized scratch styli. These may be acquired from

Surface Machine Systems. The basic operation of a scratch using the Scratch 4 Machine and the Operating

Software will result in an ASTM or ISO standard scratch test. Other types of tests may require specialized

software, procedures, or equipment.

5.1. Scratching Process

First, the machine operator inputs the desired test parameters into the Scratch 4 machine’s control computer.

This includes the test length, velocity, and loading type (constant or rising load). The Scratch 4 machine then

performs the test as programmed. During the test cycle the indenter (tip) is first lowered down until the

desired starting load is achieved. Then the tip translates across the specimen at the desired velocity, while

either maintaining a constant load or applying a rising load. Test data is collected and saved during the test.

Afterwards, the test data and the scratched specimen are ready for analysis.

5.2. Data Collected

The Scratch 4 Machine collects four channels of data for each experiment. These include Normal (Z)

direction load, Tangential (X) direction load, Scratch Depth (Z depth), and the tangential position of the

scratch tip (X position). These four data channels are collected according to a time base interval (data capture

rate), which may be set by the operator.

5.3. Further Analysis

The Scratch 4 Machine performs Scratch tests and records data measured during each test. It is up to the

user to determine the application and content of the resulting data. For visual (aesthetic) competitive analysis,

Surface Machine Systems also provides software tools for helping with analytical processes.
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1. Click “Start”, “Programs”, “National Instruments”, “Measure & Automation Explorer”.
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2. Click the triangle next to the item “Software”. A list of installed software is displayed.

3. Check the line “NI-DAQmx Device Driver X.Y.Z”. “X.Y.Z” is the driver version (9.0 in the example

above). This number must be 9.0 or later. If your device driver is 8.X or earlier, you must upgrade your

National Instruments NI-DAQmx Device Driver to 9.0 or later (see the section “Installation

Directions” on page 22).

6.2. Installation Directions

These instructions show you how to install the Scratch Operating Software and other Tools.

If you already have version 1.9.x of the Scratch operating software installed, do not uninstall it.
Similarly, do not uninstall the old National Instruments driver.

If you already have versions 1.9.x of the scratch operating software installed, please follow steps 1 through 9

in section “Importing 1.x Calibration Files” on page 31.
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5. Follow the installation instructions.
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6. On a successful install, the following message will be displayed.

Testing the Scratch Operating Software Installation
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1. Click the Windows Start Button

2. Click “All Programs”

3. Click “Surface Machine Systems”

4. Click “Scratch Viewer”. A window as follows opens.

5. If you receive an error, uninstall the software, and follow the steps outlined above.

6. Turn on the Scratch Machine as described in section 4.1.2.

7. Follow steps 1 through 3 of this section

8. Click “Machine Finder”. A window as follows opens.


