Making Measurements that Matter

Teaching employees to use measurement tools correctly and assess the results accurately can significantly improve both production speed and product quality. Discover how proper measurement techniques can help you correct for registration errors and compensate for dimensional changes in substrates. 

By Tamas S. Frecska (2008-05-27)

Measuring devices are becoming easier to use and more affordable. As a result, measuring microscopes and electronic linear scopes are becoming commonplace in many screen-printing companies. The simplicity of these devices often leads to untrained employees measuring critical data on products or processing tools. Here, we’ll take a look at some of the issues your employees should be aware of when measuring misregistration on any material and when assessing dimensional changes with soft substrates. 

 

Image reversal 

While most employees are vaguely aware that simple lenses reverse an image (upside-down and left-to-right), many do not take this image reversal into account when working with a measuring microscope. As long as the measurements are simply recorded as absolute values, this reversal is unimportant. However, if the direction of the measurement is critical (for example, adjusting for misregistration), image reversal becomes a problem. 

As Figure 1 
illustrates, aligning two registration targets through the microscope is tricky, unless you pay attention to the reversed image. The required adjustment to the left and down (as viewed on the microscope in Figure 1) would actually need a movement to the right and up on the printing press. 

Employees should be trained to recognize this image reversal. It can be quite important when misregistration data are collected for statistical purposes (as in statistical process control). Misregistration values should carry a minus sign if the corrective action requires movement in the left or downward directions. Of course, under the microscope, these values will be observed to the right and upwards. 

 

Measuring misregistration 

Image alignment (registration) is accomplished without any visual feedback on 99% of screen-printing presses. Unfortunately, without a video-optical system, the press operator doesn’t know his adjustment results until he prints with the new adjusted settings. This being the case, the only accurate and quick way to make the registration changes is to measure the misregistration on the printed piece and adjust the press-registration devices accordingly (using dial gauges for feedback). 

While this sounds relatively simple, it requires operator insight and skill when taking the measurements. If adjustments of less than 15 mil have to be made, it becomes increasingly important to measure misregistration accurately. The same is true if the data are collected for statistical purposes. 

When misregistration is observed with a measuring microscope, the image will look similar to Figure 2. The question is, what is the amount of misregistration and how can it be measured? 

The typical approach to the problem is to measure the difference between the edges of two registration targets (shown as Rx and Ry in Figure 2). 
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The approach is fine if the two targets are identical in size. 

In practice, however, the target widths are often different. The differences may be in the original art work, which may have different line widths or target sizes, or in the screen, where one target is more or less exposed and washed out than the other. Misregistration is the deviation between the center of the two targets, so measuring the edges of the targets is useless if their widths are not the same. 

In this case, three measurements are needed to establish misregistration value (Figure 3)
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in one direction. You need to know the total width of the overlapping—or non-touching—targets (Dx), as well as the individual widths of the two targets you are aligning (dx1 and dx2). The amount of misregistration between the two is the difference between the total width and the average width of the two targets. The formula for this is Rx = Dx – ((dx1+ dx2) ÷ 2). The formula would look the same in the vertical direction, except the “x” would be replaced by “y.” 

To prove this point, let’s assume the Dx=23 mil and two targets have widths of 10 and 15 mils. Measuring by conventional methods—target edge to target edge--you get either 8 or 13 mil misregistration depending on which color was printed last (Figure 4).
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These values are obviously wrong, because the misregistration value should be the same no matter which color is on top. Using the formula, on the other hand, will give you a single, correct value that reflects the distance between the center of the targets: Rx = 23 – ((10+15) ÷ 2) = 10.5 mil. 

 

Measuring dimensional changes on soft substrates 

Woven fabric, foam rubber, corrugated plastic, and paper all change size due to temperature and humidity variations. Measuring and evaluating this variation is not as easy as in the case of hard, non-absorbent substrates, but it is possible. 

Using ¼-in. registration pins for accurate alignment of these substrates is out of the question. The fact that they are soft (and often more than ¼ in. thick) makes it impossible to align them on a ¼-in. pin. Furthermore, punching holes in foam rubber or T-shirts may also prove to be impractical. The only method we can recommend to evaluate these substrates is a controlled printing experiment. 

To perform a controlled printing experiment, you will need the following: 

1. A printing press (manual or automatic) with proven registration accuracy. A press with proven accuracy is a press capable of printing images in identical locations as long as the sub strate is placed in the same position and the screen setup is not changed. 

2. Six sheets or pieces of the substrate to be evaluated, cut to the appropriate size to fit on the press, but not smaller than 14 x 14 in. 

3. A screen with four registration targets and an image that covers 50% of the substrate (Figure 5).
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Note that the design in Figure 5 is only a suggestion. You may use any existing design that covers 50% of the stock. 

4. A skilled employee to print and cure the samples, then record the results. 

 

Since placement of the substrate on the printing table will affect the accuracy of the experiment, you must take the following precautions: 

• Make sure that the alignment edges of the substrate are straight and perpendicular to each other. Use a guillotine cutter to trim them. 

• Use a three-point registration guide system (Figure 6).
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The registration guides contacting the substrate edges must be at least 1 in. long. 

• Use adequate vacuum to firmly hold the substrate down. If the substrate is more than 0.06 in. thick, build a nest around it to prevent the squeegee from knocking it around. If the substrate is a woven material or T-shirt, it must be held onto the printing platen with a reliable adhesive. 

 

Performing the experiment with non-textile materials 

Follow this procedure when conducting a dimensional change test on soft, nontextile substrates: 

1. Prepare any type of ink that is compatible with your drying system and can also be air dried. Do not use UV or plastisol inks—remember, this is a test, and adhesion to the substrate is irrelevant as long as the ink prints well). 

2. Print the six sample sheets and dry only five of them in your drying system. Let the sixth sheet, which we’ll call the control sheet, air dry, and store it as you would normally store in-process products. 

3. Clean up the press without removing the screen or the squeegee and with out changing any setup parameters. 

4. Because this is a test and not a production run, you must determine how long to wait before you proceed with successive printing steps and measuring. In general, try to make the waiting period as long as the waiting period during actual print runs. 

5. Using a different ink color, repeat steps two and three on the original six sample sheets using the same setup on the press. 

 

Performing the experiment with textile materials 

Follow this procedure when conducting a dimensional change test on textile substrates: 

1. Multicolor textile printing is normally done wet-on-wet, in which case material shrinkage plays no role, because the product is not cured until printing is complete. The only time shrinkage becomes important is when the product is flash-cured between successive colors. For this reason, your test-printing setup must include a flash-curing unit. You may use any ink for this test. 

2. With the first color, print as many as pieces as the number of stations on your press allows. Cure all of them but one (the uncured piece is the control) with the flash-curing unit and leave all the pieces on the platens. 

3. Clean up the press without removing the screen or squeegee and with out changing any setup parameters on press. 

4. Add a different color of ink to the screen and print all the samples once again. Cure all except the control piece. 

 

Measuring and recoding the results 

Before measuring the samples, examine the control pieces. All the registration targets and images should cover each other perfectly on these pieces. If they do not, two possibilities exist: 

a. The printing setup is inaccurate. 

b. Applying ink to the substrate is enough to cause dimensional changes. (Note: This possibility is not applicable to textiles.) 

If the center target (in the middle of the control sheet) is off register, the printing setup is probably inaccurate. If the center target is right on and one or more of the other targets are not, then repeat the experiment and don’t cure any of the substrates. If you see consistent misregistration among the peripheral registration marks, record the results as “dimensional changes due to ink coverage.” 

If the printing is done accurately, the center target will always be perfectly aligned on both the control and test textile pieces. Center targets that are not aligned mean that you have a registration problem. On non-textile materials, only the control sheet center target will be aligned. The printed and cured test sheets, however, will show the center target off register in both the X and Y dimensions. This is normal because we are using three-point edge alignment, not center alignment. 

Use a measuring microscope to measure the differences between the targets near the substrate edges of the test samples. Measure edge-to-edge differences as shown in Figure 7.
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The total change in substrate size is the sum of the differences in both X and Y directions (Figure 8).
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For example, if X1=0.010 in. and X2 = 0.015 in., then the total change is 0.025 in. Assuming the distance between the two edge targets on the X axis was 10 in., then the rate of change per inch in the X direction would be 0.025/10 or 0.0025 in./in. for that substrate. Repeat the measurements in the Y direction. 

Measure and record the rate of change for each sample. You can average the results to determine the approximate rate of change you can expect when using the same material in production and apply that rate to any image size you print. This method of evaluating dimensional change is applicable to any substrate and will allow you to differentiate between misregistration caused by setup, screen distortion, or dimensional changes in the substrate. 

 

 

Tamas S. Frecska is former editor and associate publisher of Screen Printing magazine. With more than 30 years of experience in the industry, he has been involved in print production, equipment manufacturing, and consulting. Frecska is a member of the Academy of Screen Printing Technology and a five-time winner of the Swormstedt Award for technical writing. 

 

