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conducted from the substrate. This technique was successfully demonstrated in the program

for SS-304 and 52100 bearing steel substrates.
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1.0 Introduction

and productive cleaning procedures under the new operational constraints. In many cases

effective either by themselves or when used in some combination with liquid cleaners.

The objective of this study was to assess the possible role for advanced technology

cleaning methods (such as laser and plasma cleanings) in high-precision cleaning of guidance

systems components and to provide preliminary experimental data to support this assessment.

This objective was achieved in the program through identification of candidate cleaning tasks

that might benefit from advanced technology and through assessment of the advanced

technologies available for performing these tasks. The technology showing the greatest

potential for solvent use reduction was found to be laser cleaning and experimental research

was undertaken to provide preliminary supporting data for this finding. Results of these
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2.0 Identification of Candidate Cleaning Tasks

2.1 Epoxy Removal from Surfaces
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2.2 Potting Compound Machining and Removal From Surfaces
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3.0 Advanced Cleaning Technology Assessment

3.2 Plasma Cleaning
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Table 1. Literature search results.
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*Abstracts obtained.

Figures 1-3 present typical geometries used for plasma processing. Generally, the
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3.2.1 Plasma Cleaning of Metals

accomplished by furnishing a clean surface to the lubricant. The main alternative to glow

observed.
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Table 2. Contaminant film removal rates for RF plasma cleaning.
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3.2.4 Plasma Cleaning Conclusions
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3.3 Laser Cleaning
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■ the process is generally very fast and energy efficient,

■ the area to be cleaned can be highly selective and sharply defined,

■ no foreign atoms are introduced to the surface as in ion bombardment
techniques,

■ if cleaning is done in vacuum, the vacuum is not compromised because the laser
source can be located outside of the cleaning chamber,

The following sections outline specific techniques and applications for laser cleaning.
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a flowing inert gas.

No data on laser removal of epoxy films or patches were found in the literature.



3.3.3 Liquid Assisted Laser Cleaning
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4.1 Epoxy Removal
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4.1.1  Laser Interaction Mechanisms for Epoxy

■ Metal substrate heating (differential thermal expansion, volatilization of epoxy
constituents by conduction),

■ Explosive heating of liquid introduced by capillary action at the edge of the
epoxy patch,
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liquid assist. Once the debonding was discovered, most effort was devoted to measuring its

threshold and tire threshold for marking the substrate.

4.1.2 Epoxy Sample Preparation

While a limited number of real parts with epoxy patches were available for

demonstrations, the number of tests anticipated for the research and the need for uniform

samples required that steel substrates be prepared with epoxy patches adhered to them. The

substrates were sheared to 2 in x 2 in. square plates from 0.048 in. thick rolled SS-304



4.1.3 Experimental Apparatus and Approach



. .

..+ 21

, .

W)

,..

.

,.7



2

0.2



.-

.-

**

‘i

I .,

r’1

;.,;

. .

L..

,,.

.

.

,,s



24

profile of the laser pulse can be approximated by a triangular pulse having the same pulse

width at half-maximum power. The temperature at the peak power time is simply
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,.. . 4.2 Potting Compound Machining/Removal
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4.2.1 Laser Interaction Mechanisms for Potting Compounds

4.2.2 Potting Compound Sample Preparation
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will work for removing this material from metal but layer samples were not available for

study.
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4.3.2 Sample Preparation

4.3.3 Experimental Arrangement



31

/

EXHAUST
PORT

A saturated vapor “puffer” was designed and fabricated to apply a thin liquid layer to
.
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forces a miniature vapor jet to be ejected out of the puffer and onto the sample surface where

. . .
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4.3.4 Experimental Method and Results

> . .
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(a) before liquid deposited

(b) after liquid deposited

*

(c) after laser pulse
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(a) before liquid deposited

(c) after second laser pulse

gure 14. Video microscope records of particle removal from smooth 52100 bearing
steel (0.33 J/cm2, width of frame is 1.4 mm).
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5.0 Conclusions and Recommendations

Based upon this initial research on advanced technology cleaning for guidance system

components it was concluded that:
.
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(1)

(2)

(3)

(4)

(5)

further characterize and validate epoxy removal tasks at AGMC that would be

perform additional laser exposures of actual parts to permit selection and

validation of the optimum laser characteristics for the specific cleaning tasks,

design, fabricate, test, and demonstrate the prototype portable laser cleaner,
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