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PREFACE

Reports in this volume are numbered consecutively beginning with number 1. Each report is
paginated with the report number followed by consecutive page numbers, e.g., 1-1, 1-2, 1-3: 2-1, 2-2,

2-3.

Due to its length, Volume 15 is bound in two parts, 15A and 15B. Volume 15A contains
#1-26. Volume 15B contains reports #27-52. The Table of Contents for Volume 15 is included in

both parts.

This document is one of a set of 16 volumes describing the 1994 AFOSR Summer Research
Program. The following volumes comprise the set:

VOLUME

2A & 2B
3A & 3B

5A & 5B

10
11

12A & 12B
13

14
15A&15B
16

TITLE

Program Management Report

Summer Faculty Research Program (SFRP) Reports

Armstrong Laboratory

Phillips Laboratory

Rome Laboratory

Wright Laboratory

Amold Engineering Development Center, Frank J. Seiler Research Laboratory,
and Wilford Hall Medical Center

Graduate Student Research Program (GSRP) Reports

Armstrong Laboratorv

Phillips Laboratory

Rome Laboratory

Wright Laboratory

Amold Engineering Development Center, Frank J. Seiler Research Laboratory,
and Wilford Hall Medical Center

High School Apprenticeship Program (HSAP) Reports

Armstrong Laboratory

Phillips Laboratory

Rome Laboratory

Wright Laboratory

Arnold Engineering Development Center
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1. INTRODUCTION

The Summer Research Program (SRP), sponsored by the Air Force Office of Scientific Research
(AFOSR), offers paid opportunities for university faculty, graduate students, and high school
students to conduct research in U.S. Air Force research laboratories nationwide during the summer.

Introduced by AFOSR in 1978, this innovative program is based on the concept of teaming
academic researchers with Air Force scientists in the same disciplines using laboratory facilities and
equipment not often available at associates' institutions.

AFOSR also offers its research associates an opportunity, under the Summer Research Extension
Program (SREP), to continue their AFOSR-sponsored research at their home institutions through
the award of research grants. In 1994 the maximum amount of each grant was increased from
$20,000 to $25,000, and the number of AFOSR-sponsored grants decreased from 75 to 60. A
separate annual report is compiled on the SREP.

The Summer Faculty Research Program (SFRP) is open annually to approximately 150 faculty
members with at least two years of teaching and/or research experience in accredited U.S. colleges,
universities, or technical institutions. SFRP associates must be either U.S. citizens or permanent
residents.

The Graduate Student Research Program (GSRP) is open annually to approximately 100 graduate
students holding a bachelor's or a master's degree; GSRP associates must be U.S. citizens enrolled
full time at an accredited institution.

The High School Apprentice Program (HSAP) annually selects about 125 high school students
located within a twenty mile commuting distance of participating Air Force laboratories.

The numbers of projected summer research participants in each of the three categories are usually
increased through direct sponsorship by participating laboratories.

AFOSR's SRP has well served its objectives of building critical links between Air Force research
laboratories and the academic community, opening avenues of communications and forging new
research relationships between Air Force and academic technical experts in areas of national
interest; and strengthening the nation's efforts to sustain careers in science and engineering. The
success of the SRP can be gauged from its growth from inception (see Table 1) and from the
favorable responses the 1994 participants expressed in end-of-tour SRP evaluations (Appendix B).

AFOSR contracts for administration of the SRP by civilian contractors. The contract was first
awarded to Research & Development Laboratories (RDL) in September 1990. After completion of
the 1990 contract, RDL won the recompetition for the basic year and four 1-year options.




2. PARTICIPATION IN THE SUMMER RESEARCH PROGRAM

The SRP began with faculty associates in 1979; graduate students were added in 1982 and high
school students in 1986. The following table shows the number of associates in the program each
year.

Table 1: SRP Participation, by Year

YEAR Number of Participants TOTAL
SFRP GSRP HSAP

1979 70 70
1980 87 87
1981 87 87
1982 91 17 108
1983 101 53 154
1984 152 84 236
1985 154 92 246
1986 158 100 42 300
1987 159 101 73 333
1988 153 107 101 361
1989 168 102 103 373
1990 165 121 132 418
1991 170 142 132 444
1992 185 121 159 464
1993 187 117 136 440
1994 192 117 133 442

Beginning in 1993, due to budget cuts, some of the laboratories weren’t able to afford to fund as
many associates as in previous years; in one case a laboratory did not fund any additional
associates. However, the table shows that, overall, the number of participating associates increased
this year because two laboratories funded more associates than they had in previous years.




3. RECRUITING AND SELECTION

The SRP is conducted on a nationally advertised and competitive-selection basis. The advertising
for faculty and graduate students consisted primarily of the mailing of 8,000 44-page SRP
brochures to chairpersons of departments relevant to AFOSR research and to administrators of
grants in accredited universities, colleges, and technical institutions. Historically Black Colleges
and Universities (HBCUS) and Minority Institutions (MIs) were included. Brochures also went to
all participating USAF laboratories, the previous year's participants, and numerous (over 600
annually) individual requesters.

Due to a delay in awarding the new contract, RDL was not able to place advertisements in any of
the following publications in which the SRP is normally advertised: Black Issues in Higher
Education, Chemical & Engineering News, IEEE Spectrum and Physics Today.

High school applicants can participate only in laboratories located no more than 20 miles from their
residence. Tailored brochures on the HSAP were sent to the head counselors of 180 high schools
in the vicinity of participating laboratories, with instructions for publicizing the program in their
schools. High school students selected to serve at Wright Laboratory's Armament Directorate
(Eglin Air Force Base, Florida) serve eleven weeks as opposed to the eight weeks normally worked
by high school students at all other participating laboratories.

Each SFRP or GSRP applicant is given a first, second, and third choice of laboratory. High school
students who have more than one laboratory or directorate near their homes are also given first,
second, and third choices.

Laboratories make their selections and prioritize their nominees. AFOSR then determines the
number to be funded at each laboratory and approves laboratories' selections.

Subsequently, laboratories use their own funds to sponsor additional candidates. Some selectees do
not accept the appointment, so alternate candidates are chosen. This multi-step selection procedure
results in some candidates being notified of their acceptance after scheduled deadlines. The total
applicants and participants for 1994 are shown in this table.

Table 2: 1994 Applicants and Participants

PARTICIPANT TOTAL SELECTEES DECLINING

CATEGORY APPLICANTS SELECTEES
SFRP 600 192 30
HBCU/MI) (90) (16) o)
GSRP 322 117 11
(HBCU/MD) (11 ©) ©)
HSAP 562 133 14
TOTAL 1484 442 55
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4. SITE VISITS

During June and July of 1994, representatives of both AFOSR/NI and RDL visited each
participating laboratory to provide briefings, answer questions, and resolve problems for both
laboratory personnel and participants. The objective was to ensure that the SRP would be as
constructive as possible for all participants. Both SRP participants and RDL representatives found
these visits beneficial. At many of the laboratories, this was the only opportunity for all
participants to meet at one time to share their experiences and exchange ideas.

5. HISTORICALLY BLACK COLLEGES AND UNIVERSITIES AND MINORITY
INSTITUTIONS (HBCU/MIs)

In previous years, an RDL program representative visited from seven to ten different HBCU/MIs to
promote interest in the SRP among the faculty and graduate students. Due to the late contract
award date (January 1994) no time was available to visit HBCU/MIS this past year.

In addition to RDL's special recruiting efforts, AFOSR attempts each year to obtain additional
funding or use leftover funding from cancellations the past year to fund HBCU/MI associates. This
year, seven HBCU/MI SFRPs declined after they were selected. The following table records
HBCU/MI participation in this program.

Table 3: SRP HBCU/MI Participation, by Year

YEAR SFRP GSRP
Applicants Participants Applicants Participants

1985 76 23 15 11
1986 70 18 20 10
1987 82 32 32 10
1988 53 17 23 14
1989 39 15 13 4

1990 43 14 17 3

1991 42 13 8 5

1992 70 13 9 5

1993 60 13 6 2

1994 90 16 11 6
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6. SRP FUNDING SOURCES

Funding sources for the 1994 SRP were the AFOSR-provided slots for the basic contract and
laboratory funds. Funding sources by category for the 1994 SRP selected participants are shown

here.

Table 4: 1994 SRP Associate Funding

FUNDING CATEGORY SFRP GSRP HSAP
AFOSR Basic Allocation Funds 150 98™ 1217
USAF Laboratory Funds 37 19 12
HBCU/MI By AFOSR 5 0 0
(Using Procured Addn’l Funds)

TOTAL 192 117 133

*] - 100 were selected, but two canceled too late to be replaced.
*) - 125 were selected, but four canceled too late to be replaced.

7. COMPENSATION FOR PARTICIPANTS

Compensation for SRP participants, per five-day work week, is shown in this table.

Table 5: 1994 SRP Associate Compensation

PARTICIPANT CATEGORY 1991 1992 1993 1994
Faculty Members $690 $718 $740 $740
Graduate Student $425 $442 $455 $455
(Master's Degree)

Graduate Student $365 $380 $391 $391
(Bachelor's Degree)

High School Student $200 $200 $200 $200
(First Year)

High School Student $240 $240 $240 $240
(Subsequent Years)




The program also offered associates whose homes were more than 50 miles from the laboratory an
expense allowance (seven days per week) of $50/day for faculty and $37/day for graduate students.

Transportation to the laboratory at the beginning of their tour and back to their home destinations at
the end was also reimbursed for these participants. Of the combined SFRP and GSRP associates,
58% (178 out of 309) claimed travel reimbursements at an average round-trip cost of $860.

Faculty members were encouraged to visit their laboratories before their summer tour began. All
costs of these orientation visits were reimbursed. Forty-one percent (78 out of 192) of faculty
associates took orientation trips at an average cost of $498. Many faculty associates noted on their
evaluation forms that due to the late notice of acceptance into the 1994 SRP (caused by the late
award in January 1994 of the contract) there wasn’t enough time to attend an orientation visit prior
to their tour start date. In 1993, 58 % of SFRP associates took orientation visits at an average cost
of $685.

Program participants submitted biweekly vouchers countersigned by their laboratory research focal
point, and RDL issued paychecks so as to arrive in associates' hands two weeks later.

HSAP program participants were considered actual RDL employees, and their respective state and
federal income tax and Social Security were withheld from their paychecks. By the nature of their
independent research, SFRP and GSRP program participants were considered to be consultants or
independent contractors. As such, SFRP and GSRP associates were responsible for their own
income taxes, Social Security, and insurance.

8. CONTENTS OF THE 1994 REPORT

The complete set of reports for the 1994 SRP includes this program management report augmented
by fifteen volumes of final research reports by the 1994 associates as indicated below:

Table 6: 1994 SRP Final Report Volume Assignments

VOLUME
LABORATORY SFRP GSRP  HSAP

Armstrong 2 7 12

Phillips 3 8 13

Rome 4 9 14

Wright 5A, 5B 10 15

AEDC, FISRL, WHMC 6 11 16
AEDC = Amold Engineering Development Center
FISRL = Frank J. Seiler Research Laboratory
WHMC = Wilford Hall Medical Center

6




APPENDIX A -- PROGRAM STATISTICAL SUMMARY

A. Colleges/Universities Represented

Selected SFRP and GSRP associates represent 158 different colleges, universities, and
institutions.
B. States Represented

SFRP -Applicants came from 46 states plus Washington D.C. and Puerto Rico. Selectees
represent 40 states.

GSRP - Applicants came from 46 states and Puerto Rico. Selectees represent 34 states.

HSAP - Applicants came from fifteen states. Selectees represent ten states.

C. Academic Disciplines Represented

The academic disciplines of the combined 192 SFRP associates are as follows:

Electrical Engineering 22.4%
Mechanical Engineering 14.0%
Physics: General, Nuclear & Plasma 12.2%
Chemistry & Chemical Engineering 11.2%
Mathematics & Statistics 8.1%
Psychology 7.0%
Computer Science 6.4%
Aerospace & Aeronautical Engineering 4.8%
Engineering Science 2.7%
Biology & Inorganic Chemistry 2.2%
Physics: Electro-Optics & Photonics 22%
Communication 1.6%
Industrial & Civil Engineering 1.6%
Physiology 1.1%
Polymer Science 1.1%
Education 0.5%
Pharmaceutics 0.5%
Veterinary Medicine 0.5%
TOTAL 100%




Table A-1. Total Participants

Number of Participants
SFRP 192
GSRP 117
HSAP 133
TOTAL 442

Table A-2. Degrees Represented

Degrees Represented
SFRP GSRP TOTAL
Doctoral 189 0 189
Master's 3 47 50
Bachelor's 0 70 70
TOTAL 192 117 309

Table A-3. SFRP Academic Titles

Academic Titles

Assistant Professor 74
Associate Professor 63
Professor 44
Instructor 5
Chairman 1
Visiting Professor 1
Visiting Assoc. Prof. 1
Research Associate 3
TOTAL 192
A2




Table A-4. Source of Learning About SRP

SOURCE SFRP GSRP
Applicants | Selectees | Applicants | Selectees

Applied/participated in prior years 26% 37% 10% 13%
Colleague familiar with SRP 19% 17% 12% 12%
Brochure mailed to institution 32% 18% 19% 12%
Contact with Air Force laboratory 15% 24% 9% 12%
Faculty Advisor (GSRPs Only) -- -- 39% 43%
Other source 8% 4% 11% 8%

TOTAL 100% 100% 100% 100%

Table A-5. Ethnic Background of Applicants and Selectees

SFRP GSRP HSAP
Applicants | Selectees Applicants | Selectees Applicants | Selectees

American Indian or 0.2% 0% 1% 0% 0.4% 0%
Native Alaskan
Asian/Pacific Islander 30% 20% 6% 8% 7% 10%
Black 4% 1.5% 3% 3% 7% 2%
Hispanic 3% 1.9% 4% 4.5% 11% 8%
Caucasian 51% 63% 77% 77% 70% 5%
Preferred not to answer 12% 14% 9% 7% 4% 5%

TOTAL 100% 100% 100% 100% 99 % 100%

Table A-6. Percentages of Selectees receiving their 1st, 2nd, or 3rd Choices of Directorate

1st 2nd 3rd Other Than

Choice Choice Choice Their Choice
SFRP T0% 7% 3% 20%
GSRP 76 % 2% 2% 20%
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APPENDIX B — SRP EVALUATION RESPONSES

1. OVERVIEW

Evaluations were completed and returned to RDL by four groups at the completion of the SRP.
The number of respondents in each group is shown below.

Table B-1. Total SRP Evaluations Received

Evaluation Group Responses
SFRP & GSRPs 275
HSAPs 116
USAF Laboratory Focal Points 109
USAF Laboratory HSAP Mentors 54

All groups indicate near-unanimous enthusiasm for the SRP experience.

Typical comments from 1994 SRP associates are:

“[The SRP was an] excellent opportunity to work in state-of-the-art facility with top-notch
people.”

"[The SRP experience] enabled exposure to interesting scientific application problems;
enhancement of knowledge and insight into 'real-world' problems. "

"[The SRP] was a great opportunity for resourceful and independent faculty [members]
from small colleges to obtain research credentials.”

"The laboratory personnel I worked with are tremendous, both personally and scientifically.
I cannot emphasize how wonderful they are.”

"The one-on-one relationship with my mentor and the hands on research experience

improved [my] understanding of physics in addition to improving my library research skills.
Very valuable for [both] college and career!”
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Typical comments from laboratory focal points and mentors are:

"This program [AFOSR - SFRP] has been a ‘God Send’ for us. Ties established with
summer faculty have proven invaluable.”

"Program was excellent from our perspective. So much was accomplished that new options
became viable "

"This program managed to get around most of the red tape and ‘BS’ associated with most
Air Force programs. Good Job!"

“Great program for high school students to be introduced to the research environment.
Highly educational for others [at laboratory].”

“This is an excellent program to introduce students to technology and give them a feel for
[science/engineering] career fields. I view any return benefit to the government to be ‘icing
on the cake’ and have usually benefitted.”

The summarized recommendations for program improvement from both associates and laboratory
personnel are listed below (Note: basically the same as in previous years.)

A.

‘Better preparation on the labs’ part prior to associates' arrival (i.e., office space,

computer assets, clearly defined scope of work).

Laboratory sponsor seminar presentations of work conducted by associates, and/or
organized social functions for associates to collectively meet and share SRP
experiences.

Laboratory focal points collectively suggest more AFOSR allocated associate
positions, so that more people may share in the experience.

Associates collectively suggest higher stipends for SRP associates.

Both HSAP Air Force laboratory mentors and associates would like the summer
tour extended from the current 8 weeks to either 10 or 11 weeks; the groups state it
takes 4-6 weeks just to get high school students up-to-speed on what’s going on at
laboratory. (Note: this same arguement was used to raise the faculty and graduate
student participation time a few years ago.)
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2. 1994 USAF LABORATORY FOCAL POINT (LFP) EVALUATION RESPONSES
The summarized results listed below are from the 109 LFP evaluations received.
1. LFP evaluations received and associate preferences:

Table B-2. Air Force LFP Evaluation Responses (By Type)

How Many Associates Would You Prefer To Get ? (% Response)

SFRP GSRP (w/Univ Professor) GSRP (w/o Univ Professor)

Lab Evals 0 1 2 3+ 0 1 2 3+ 0 1 2 3+
Recv’d

AEDC 10 30 50 0 20 50 40 0 10 40 60 0 0
AL 44 34 50 6 9 54 34 12 0 56 31 12 0
FJSRL 3 33 33 33 0 67 33 0 0 33 67 0 0
PL 14 28 43 28 0 57 21 21 0 T 28 0 0
RL 3 33 67 0 0 67 0 33 0 100 0 0 0
WHMC 1 0 0 100 0 0 100 0 0 0 100 0 0
WL 46 15 61 24 0 56 30 13 0 76 17 6 0
Total 121 [ 25% 43% 27% 4% | 50% 31% 1% 1% | 54% 43% 3% 0%

LFP Evaluation Summary. The summarized repsonses, by laboratory, are listed on the following
page. LFPs were asked to rate the following questions on a scale from 1 (below average) to 5
(above average).

2. LFPs involved in SRP associate application evaluation process:

a. Time available for evaluation of applications:

b. Adequacy of applications for selection process:
3. Value of orientation trips:
4. Length of research tour:
5 Benefits of associate's work to laboratory:
Benefits of associate's work to Air Force:
Enhancement of research qualifications for LFP and staff:
Enhancement of research qualifications for SFRP associate:
Enhancement of research qualifications for GSRP associate:
Enhancement of knowledge for LFP and staff:
Enhancement of knowledge for SFRP associate:

c. Enhancement of knowledge for GSRP associate:
8. Value of Air Force and university links:
9. Potential for future collaboration:
10.  a. Your working relationship with SFRP:

b. Your working relationship with GSRP:
11. Expenditure of your time worthwhile:

(Continued on next page)

6.

epoomoR
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12. Quality of program literature for associate:
13.  a. Quality of RDL's communications with you:

b. Quality of RDL's communications with associates:

14. Overall assessment of SRP: -

Laboratory Focal Point Reponses to above questions

AEDC AL FJSRL PL RL  WHMC WL
# Evals Recv'd 10 32 3 14 3 1 46
Question #

2 0% 62% 100% 64% 100% 100% 8%
2a 3.5 3.5 4.7 4.4 4.0 4.0 3.7
2b 4.0 3.8 4.0 4.3 4.3 4.0 3.9
3 4.2 3.6 4.3 3.8 4.7 4.0 4.0
4 3.8 3.9 4.0 4.2 43  NOENRY 40
5a 4.1 4.4 4.7 4.9 4.3 3.0 4.6
5b 4.0 4.2 4.7 4.7 4.3 3.0 4.5
6a 3.6 4.1 3.7 4.5 4.3 3.0 4.1
6b 3.6 4.0 4.0 4.4 4.7 3.0 4.2
6c 33 4.2 4.0 4.5 4.5 3.0 4.2
Ta 3.9 4.3 4.0 4.6 4.0 3.0 4.2
7o 4.1 4.3 4.3 4.6 4.7 3.0 4.3
Tc 33 4.1 4.5 4.5 4.5 5.0 4.3
8 4.2 4.3 5.0 4.9 4.3 5.0 4.7
9 3.8 4.1 4.7 5.0 4.7 5.0 4.6
10a 4.6 4.5 5.0 4.9 4.7 5.0 4.7
10b 4.3 4.2 5.0 4.3 5.0 5.0 4.5
11 4.1 4.5 4.3 4.9 4.7 4.0 4.4
12 4.1 3.9 4.0 4.4 4.7 3.0 4.1
13a 3.8 2.9 4.0 4.0 4.7 3.0 3.6
13b 3.8 2.9 4.0 4.3 4.7 3.0 38
14 4.5 4.4 5.0 4.9 4.7 4.0 4.5
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3. 1994 SFRP & GSRP EVALUATION RESPONSES

The summarized results listed below are from the 275 SFRP/GSRP evaluations received.

Associates were asked to rate the following questions on a scale from
1 (below average) to 5 (above average)

1. The match between the laboratories research and your field: 4.6
2. Your working relationship with your LFP: 4.8
3. Enhancement of your academic qualifications: 4.4
4. Enhancement of your research qualifications: 4.5
5. Lab readiness for you: LFP, task, plan: 4.3
6. Lab readiness for you: equipment, supplies, facilities: 4.1
7. Lab resources: 4.3
8. Lab research and administrative support: 4.5
9. Adequacy of brochure and associate handbook: 4.3
10. RDL communications with you: 4.3
11. Overall payment procedures: 3.8
12. Overall assessment of the SRP: 4.7
13.  a. Would you apply again? Yes: 85%
b. Will you continue this or related research? Yes: 95%
14. Was length of your tour satisfactory? Yes: 86%

15. Percentage of associates who engaged in:

a. Seminar presentation: 52%
b. Technical meetings: , 32%
¢. Social functions: 03%
d. Other 01%




16. Percentage of associates who experienced difficulties in:

a. Finding housing:
b. Check Cashing:

17. Where did you stay during your SRP tour?

. At Home:
. With Friend:
. On Local Economy:

. Base Quarters:

a o o e

THIS SECTION FACULTY ONLY:

18. Were graduate students working with you? Yes:

19. Would you bring graduate students next year? Yes:

20. Value of orientation visit:
Essential:
Convenient:

Not Worth Cost:
Not Used:

THIS SECTION GRADUATE STUDENTS ONLY:

21. Who did you work with:

University Professor:
Laboratory Scientist:

12%
03%

20%
06%
47%
10%

23%

56%

29%
20%
01%
34%

18%
54%




4. 1994 USAF LABORATORY HSAP MENTOR EVALUATION RESPONSES

The summarized results listed below are from the 54 mentor evaluations received.

1. Mentor apprentice preferences:

Table B-3. Air Force Mentor Responses

How Many Apprentices Would
You Prefer To Get ?

HSAP Apprentices Preferred

Laboratory # Evals 0 1 2 3+
Recv’d

AEDC 6 0 100 0 0
AL 17 29 47 6 18
PL 9 22 78 0 0
RL 4 25 75 0 0
WL 18 22 55 17 6
Total 54 200% 1% 5% 5%

Mentors were asked to rate the following questions on a scale from
1 (below average) to 5 (above average)

8]

. Mentors involved in SRP apprentice application evaluation process:
a. Time available for evaluation of applications:
b. Adequacy of applications for selection process:

. Laboratory's preparation for apprentice:

. Mentor's preparation for apprentice:

. Length of research tour:

. Benefits of apprentice’s work to U.S. Air force:

. Enhancement of academic qualifications for apprentice:

. Enhancement of research skills for apprentice:

. Value of U.S. Air Force/high school links:

10. Mentor's working relationship with apprentice:

11. Expenditure of mentor's time worthwhile:

12. Quality of program literature for apprentice:

13.  a. Quality of RDL's communications with mentors:

b. Quality of RDL's communication with apprentices:
14. Overall assessment of SRP:

3
4
5
6
7
8

\D
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AEDC AL PL RL WL
# Evals Recv’d 6 17 9 4 18
Question #

2 100% 76% 56% 75% 61%
2a 4.2 4.0 3.1 3.7 3.5

2b 4.0 4.5 4.0 4.0 3.8

3 4.3 3.8 3.9 3.8 38

4 4.5 3.7 3.4 42 3.9

5 3.5 4.1 31 3.7 3.6

6 4.3 3.9 4.0 4.0 4.2

7 4.0 4.4 4.3 4.2 3.9

8 4.7 4.4 4.4 4.2 4.0

9 4.7 42 3.7 4.5 4.0

10 4.7 4.5 4.4 4.5 4.2

11 4.8 4.3 4.0 4.5 4.1

12 4.2 4.1 4.1 4.8 3.4
13a 35 39 3.7 4.0 31
13b 4.0 4.1 3.4 4.0 35

14 4.3 4.5 3.8 4.5 4.1
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S.

The summarized results listed below are from the 116 HSAP evaluations received.

10.
11.
12.
13.
14.

15.

1994 HSAP EVALUATION RESPONSES

HSAP apprentices were asked to rate the following questions on a scale from

1 (below average) to 5 (above average)

. Match of lab research to you interest:

Apprentices working relationship with their mentor and other lab scientists:

. Enhancement of your academic qualifications:

Enhancement of your research qualifications:

Lab readiness for you: mentor, task, work plan.
Lab readiness for you: equipment supplies facilities
Lab resources: availability

Lab research and administrative support:

Adequacy of RDL’s apprentice handbook and administrative materials:

Responsiveness of RDL’s communications:

Overall payment procedures:

Overall assessment of SRP value to you:

Would you apply again next year?

Was length of SRP tour satisfactory?

Percentages of apprentices who engaged in:
a. Seminar presentation:

b. Technical meetings:
¢. Social functions;

B-9

Yes:

Yes:

39

4.6

4.4

4.1

3.7

4.3

4.3

4.4

4.0

3.5

33

4.5

88 %

8%

48%
23%
18%
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THERMAL STRESSES IN COMPOSITE MATERIALS

Christine M. Baker
Northmont High School

Abstract

The summer research program entailed not just one project, but a large variety of
interesting activities. The primary concern was assisting Mr. Bryan Foos, of the FIVEC
office in Wright Laboratory, with the research for his Ph.D. dissertation. His research
involves the use of unintrusive extrinsic Fabry-Perot interferometric strain sensors
embedded through the lamina thickness of a carbon epoxy composite material to monitor
the transverse normal stress / strain. Mr. Foos is also running some complex FORTRAN
computer programs on the Ohio State University Cray Supercomputer in order to validate
the programs with actual experimentation. Some of the tasks completed this summer have
included submitting the programs to the Cray Super computer and performing complex
data manipulation from the extensive output produced from running these programs. Mr.
Leonard Truett also requested help during the short duration this summer. Mr. Truett, of
the FIVS office in Wright Laboratory, needed assistance with a massive amount of data
using digital image processing. Other assignments have included writing an instruction
manual for a photomicrographic camera and mastering the Nicolet data collection system

to be used to acquire data during the testing in the TAVLAB (thermal and vibration lab).
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THERMAL STRESSES IN COMPOSITE MATERIALS

Christine M. Baker

L. Introduction
On the first day of the summer research program, Mr. Bryan Foos introduced the various
tasks that were hoped to be accomplished during the eight week period. The tasks
revolved around the various facets of his Ph.D. dissertation and research, which includes
analytical, theoretical, and experimental research. Mr. Foos planned to take a trip to
Portugal, as part of the NATO Advanced Studies Institute: Optical Fibre Metrology and
Standards. In preparation for this conference, a photomicrographic camera would be used
to photograph the fiber optic sensor that will eventually be used in the experimental
portion of Mr. Foos' research. Also, the software Nicolet, a data acquisition system, was
to be learned to help Mr. Foos with the experimentation portion of his research. There
were also many FORTRAN computer programs which we had to run on the OSU Cray
Supercomputer. Mr. Foos introduced me to the following computer systems during the
eight week tour: DEC5000, Sun Spark Workstation, Macintosh II, and the IBM 386.
The internet was to be used frequently for these programs, including ftp, telnet, and the
Mosaic software. After running these programs, extensive data manipulation would have
to occur in order to draw any valid conclusions from the data in the form of charts,
spreadsheets, and graphs. Various software packages that were to be used for these tasks
on the Macintosh and the IBM included Excel Spreadsheet and Cricket Graph.

In the first few days of the summer program, observation was the main activity.

Since having primarily worked on an IBM in the past, the variety of computers was a
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shock. After a short while, a good deal was learned, including operating both Macintosh
and UNIX based computers. Within a few days, little to no assistance was needed in

operating the computers or running the needed programs.

II. FORTRAN Programs on the Cray Supercomputer
A. Introduction

Mr. Foos planned to run two programs written by Dr. Greg Schoeppner of the Structures
Division to determine the internal stresses in finite composite laminates, when subjected to
inplane mechanical loading. The process for running these particular FORTRAN computer
programs included inputting a batch file through one of the programs, then altering the
output and running it through a much larger and complex program. While this process is
very time consuming and meticulous, it is also very important to ensure that the data was

flawless.

B. Discussion

The FORTRAN computer programs run by Mr. Foos form a grid across a one by one inch
section of a test sample. The operator decides at what intervals to form this grid, which is
made of x- and y-coordinates. Since most of the strain occurs near the edges of the
sample, it is ideal to assign the coordinates so that they are more dense near the edge than
in the center, where there is minimal strain. The elements formed by the grid consist of
nodal points and these elements are numbered for easy reference. This grid of nodal
points and elements is on a two dimensional surface. One then assigns a certain number of
layers so that on each layer there is a grid identical to the grid on the surface. However,

as the number of layers increased, the thickness of each layer decreased in order to

maintain a total thickness of one inch. For each element, the output contains the strain




and stress for each element in that layer, i.e. if there are sixteen layers, then the output
contains sixteen sets of strain and stress data for that layer element.

Mr. Foos had run the problem with two layers, however results had been
inconclusive as well as obviously incorrect because the thickness direction needed to be
discretizd into more than the two layers. He needed the program to be run with four,
eight, sixteen, and thirty-two layers in order to find the exact point when the data became
realistic. Also, he wanted to change the width of the specimen to one, two and three
inches to see the affect on the output. Another variable that was added was the number of
elements along the length and width of the grid. The number of elements along the length
was alternated between two and four, and the two numbers of elements along the width
were alternated between fourteen and twenty. These numbers are the numbers that were
on either side of the major axis, so these amounts were actually doubled. This means that
if twenty elements along the width was inputted, there were actually forty, with twenty
positive and twenty negative.

The input for the programs became more extensive as the number of layers
increased, and as the number of other variables increased. In addition, the amount of time
needed on the Cray Supercomputer in order to run the program increased as the layers

increased; time on the computer, unfortunately, is very expensive.

C. Methodology

The very first step was to get an account on the Sun Spark workstation located in
Building 63 of Area B in the WL/FIVS branch (an account was already available on the
Cray). Once this was completed, files were transferred from other computers using the fip
command, including sample data files for the first program and batch files for both of the

programs. The batch files contain the information for how much memory to use, which




data file to use as input, and what to name the output file. Having samples of these files
was helpful, so that one may copy the file for each run on the Cray, and only alter the
needed data for the variables.

This data file was copied and altered for each of the separate combinations of
variables that were needed, totaling fifty-six, on one of the screens that was opened on the
workstation. Then another screen was opened to adjust the batch file. Before each run on
the Cray, it was necessary to put which file to use as input, and where to put the output.
Then another screen was opened to transfer these files to the Cray by ftp. Lastly, a screen
was opened that was the Cray by Telnet. We would run the program there, then reverse
the process and transfer the output files back to our local screen. The fip command was a
very quick and efficient way of completing this process. Stated simply, files were taken
from the local computer, transferred, run on the Cray and then brought back as output.

These output files were large, but it was possible to do essentially the same steps
to run the second program. Again there was a batch file, but this time a data file did not
need to be created, because the output from the first program was the input, after a few
changes. The second program took much more memory, especially the files with thirty-
two layers, which could take up to eighteen minutes to run. The output from this second
program was huge, so it was impractical to print out a hard copy. Instead, the data was

altered, in order to reduce the printing time and paper waste.
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III. Data Manipulation of Extensive Output

A Introduction

The numbers from the output files mean nothing until they are normalized and graphed.
As stated above, the output files from the last program were too large to be printed. Also,
the printer was not connected to the Sun Spark Workstation, so the files needed to be
transferred to another computer, then somehow condensed in order to be printed, then put
into a Microsoft Excel file to be normalized. Then they would be copied into graphing

software, usually Cricket Graph on the Macintosh.

B. Discussion and Methodology
The first task was to condense the data into an easily transferable and printable form. This
was accomplished easily using the UNIX based VI Editor, which had been learned while
manipulating the files in order to run them. The VI Editor, which seems complex when it
is first being learned, is actually rather a very useful way of editing files. The data files
were copied so that there would be an original, then the copies were edited. These
changes consisted mostly of deletions in order to shrink the massive files. Next the data
needed to be moved from the SUN onto a computer where it was possible to print. This
was accomplished quite easily by transferring the files by FTP onto the personal computer
of Mr. Foos. Once downloaded, these files were easy to print using the network printer.
These files were essentially lists of numbers. However, they were arranged in such
a fashion that it was impossible to copy the files straight into a spreadsheet. These
numbers had to be meticulously copied from the hard copies into a spreadsheet, using
Microsoft Excel on the Macintosh II in Structures Division Building 45. Then the
spreadsheet was programmed in order to normalize the data. This spreadsheet was easily

transferable onto the Cricket Graph software. The stress / strain data was depicted against




the location of the particular nodal element on the y coordinate on the grid. In some of
the graphs, the y-coordinate was normalized; this made it possible to overlay graphs of
data of which the sample were different widths, because each different width of the

samples has different y-coordinates.

IV. Digital Image Processing

Mr. Leonard Truett was working on a project involving the burning rates of methane,
premixed flames with several different variables. Using Digital Image Processing, he had
approximately 400 pictures of flames which he needed to measure in order to formulate
the surface area. A grid was created, then the picture of the flame was overlaid and three
points were then recorded on another computer.

The other computer was a laptop IBM, and the data was recorded using Excel.
Excel was programmed so that three points could be entered and the surface area of the
flame would be calculated. Since the work involved the use of two computers, it was
difficult to complete the task alone. The help that was given to Mr. Truett was either
entering the data points, or plotting the points and reading the data so that he could enter

the points.

V. Photomicrography
A. Introduction

While Mr. Foos was preparing to attend the NATO Conference in Portugal, the occasion
arose to use the photomicrographic camera. This camera was used to take the detailed
shots needed of the microscopic fiber optic sensor. However, it was discovered that the
camera was lacking directions. It only had a few pictures with several parts of the camera

pointed out, and most of the pictures were not of the particular model in the laboratory.
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After several exasperating experiences with it, eventually the mechanics of the camera
were figured out. In order to help others using the camera, an instruction manual was

written.

B. Discussion and Methodology

The main emphasis in this instruction manual, as in any manual, is to explain a piece of
machinery one understands quite well to one who has never used it. First, the basic
instructions of using the camera were written, such as loading the film and focusing the
camera. Then more detailed information followed, including the manual operation of the
camera from a control panel instead of pushing the buttons on the camera, as one would
expect. Once the written information was complete, pictures were taken of the
photomicrographic camera and the control panels. These were blown up, then inserted
into the text. Also, the parts were numbered on the pictures so that the different
components of the camera could be referred to in the text. The manual was then bound

and is now a permanent addition to the laboratory manuals.

VI. Technical Library Research
A. Introduction

The Technical Library at Wright-Patterson AFB is in Building 22 Area B. This library
contains many scientific journals, publications of seminars, dissertations, and other
scientific publications. Many of the publications are on the shelves, while others are on
microfilm or in storage. If one cannot find the things that they need, the staff will contact

other libraries and bring the item to Wright-Patterson on inter-library loan.
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B. Discussion and Methodology

Several days were spent in the Wright-Patterson Technical Library researching various
topics not only for Mr. Foos, but for others as well. The first steps for researching, which
were completed in advance by Dr. Schoeppner, include searches on the computer data
bases that are in the library. Lists of articles, journal entries and papers organized by topic
have general outlines of what is contained in each entry. These lists can then be printed
and used to find the hard copies. After deciding which of the articles on the lists would be
useful, which was done by Dr. Schoeppner, the next step is to look through the lists of
journals available at the Wright-Patterson Technical Library. These articles can easily be
found and copied. Others are available on microfilm, which is easy to copy, while still
others can be retrieved from storage. The items that aren't available in the library can be

requested by filling out the appropriate paper work.

VII. Nicolet

The Nicolet Multipro is a high speed data acquisition system used on the IBM. Mr. Foos
is using it to collect data from the fiber optic sensors embedded through the thickness of
the test coupons to measure transverse normal strain directly. The task was to learn the
program and then either assist Mr. Foos in his actual experimentation or relay the
information quickly on how to use the program for him to use himself. The program was
actually pretty straightforward, because it was formatted in Windows style. There were
thick manuals to pore through, and although operation the program was not difficult, the
most challenging aspect was understanding the oscilloscope, because I had never used one

before, except for a display in the laboratory.




VIII. Nontechnical Activities

In addition to learning a large amount of technical information in this program, there was a
large amount of nontechnical knowledge acquired in the duration of the program. For
example, every Wednesday there were Walleyball games after work, which is volleyball
played inside a racquetball court. Frequently, after the games we would go running
together. There was also the opportunity to acquire knowledge first hand of the intricate
workings of committees, through the WL/IF Picnic Committee, of which Mr. Foos was in
charge. Besides the endless array of phone calls and arranging meetings, there was ample
opportunity to participate in and learn from the organizational skills of Mr. Foos and from
his accomplished abilities of dealing with people in disagreement.

Near the end of the program, a problem arose with my AFROTC Type I
scholarship. A medical discharge was issued for the reason of a history of headaches. The
first action taken to help with re-obtaining the scholarship was to write a letter from Mr.
Foos briefly outlining the type of work being done and how headaches have never
interfered with the challenging tasks. After a request for a waiver was rejected by a
medical review board, more action was needed to counter the unfortunate turn of events.
With the help of Mr. Foos, several of the administrators were visited to ask for assistance
in this matter. First, we went to Dr. George Kurylowich, of WL/FIVEC, who suggested
some more letter writing, which was accomplished soon after. We then went to the office
of Colonel Herklotz, who was unavailable due to a TDY trip so we spoke to Solomon
Metres, of WL/FI. He knew of someone that might help, and said that he would contact
him, and speak with Colonel Herklotz regarding this matter. Then we proceeded to the
office of Colonel Herrelko, WL/CC, where we left a message regarding the matter.
Unexpectedly, within twenty minutes we received a call to come and speak with him.

After an hour and a half, Colonel Herrelko had made many calls around the nation and at
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Wright-Patterson AFB to assist in this concern. This matter is still pending, and may not
be resolved for a substantial period of time. We then spoke to Mr. George Kline (branch
chief of WL/FIVE), and Mr. Dick Colclough, the division chief of WL/FIV, and then to
Mr. Al Basso (who was also one of the walleyball players and avid runner), also of
WL/FIV, to let them know what had transpired to date with the AFROTC scholarship and

ask for advice on what to do.

IX. Conclusions

This eight week program was a very fun and interesting summer job, as well as a very
educational experience. Besides learning a large amount of technical information, 1 also
had a really enjoyable time with Mr. Foos, and with his friends on base. I feel that I will
definitiely be more prepared than other first year college students in the use of a large
variety of computers. This program is an excellent one, and I am very appreciative to Mr.

Foos for the opportunities presented to me in the duration of the summer.
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Analysis of a Three-Penetrator Concrete Penetration Using PATRAN

Jennifer R. Bautista
High School Apprentice
Warheads Branch, Computational Mechanics Section
WL/MNMW

Abstract

To investigate the effects of simultaneous impact of multiple penetrators into a
concrete target, a scaled model of a Hardened Target Ordnance Package (HTOP) hard
concrete penetration was modeled using the EPIC hydrocode. The intent of the
calculation was to determine if a wave synergism would occur in the "tripak" problem,
incurring more damage to the concrete target than a single penetrator might. The tripak
problem was modeled using EPIC, and the output was processed, using PATRAN, into
graphics noting pressure, stress, strain, damage, and temperature of the target at six

intervals during the calculation.
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Analysis of a Three-Penetrator EPIC Calculation Using PATRAN

Jennifer R. Bautista

Introduction

A hydrocode models physical problems by solving the equations of conservation of
mass, momentum, and energy, subject to equations of state and constitutive laws that
relate stress to strain. The EPIC hydrocode is used by members of the Computational
Mechanics Section of the Warheads Branch to simulate warhead formation, impact, and
response. This report documents my work with Mr. Nixon concerned with the analysis of
a large 3D calculation of a three penetrator event. My project included the creation of
detailed visual representations for stress, strain, pressure, damage, and temperature fields
for the calculation. I also generated time history plots for data gathered at various
locations through out the target and penetrators.

Tripak Test Setup

The "tripak" problem that was modeled using the EPIC hydrocode is a scaled
model of the Hardened Target Ordnance Package (HTOP) which consists of three 270 Ib.
rocket boosted penetrators designed to impact and pierce concrete and other hard targets.
In the event of failure of the dispense package, the penetrators would impact the target
simultaneously in close proximity to each other. The problem was modeled to explore the
possibility of wave synergisms that might occur in the penetation.

The tripak problem was not an exact scaled model of the HTOP package; the
penetrators were approximately 1/6 HTOP scale, and although the results cannot be
directly applied to HTOP performance, they provide useful qualitative information about
multiple penetrator effects. The penetrators had a 6 caliber radius (CRH) tangent ogive

nose with a button (0.234" diameter, 0.078" long, see Figure 1). HTOP also has a 6 CRH
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nose shape but does not have a button. HTOP length to diameter (L/D) ratio is
approximately 8:1, and the test items had L/D-9:4. The test projectiles were filled with an
explosive simulant. The tripak Cénﬁguration was housed in a thin aluminum canister
(Figure 2), meant to facilitate the launch process. The targets were 3 feet thick concrete,
and were poured in 30 inch diameter galvanized culvert pipes. The targets were designed
to approximate semi-infinite blocks to the penetrators.

Shots were planned to be at 900 ft/sec, the delivery vehicle's terminal velocity, and
at zero obliquity. The tripak was fired from a 155 mm Howitzer sleeved down to a 4 inch
bore. The shot line was 10 to 20 feet from the target, and any velocity information was
gathered using high speed video and radar. (See Figure 3)

The Calculation

The EPIC 94 calculation was run on Eglin AFB's Cray-YMP located at the
Freeman Computing Sciences Center over a series of weeks; due to its complex nature,
the calculation was stopped and started several times. The computation, involving 73030
nodes and 450000 elements, dealt with the impact from time 0 to 0.655711E-03 seconds.
Output was requested at six of the 5420 cycles in the calculation: cycle 496 (ime =
0.100050E-03), cycle 1544 (time = 0.229695E-03), cycle 1867 (time = 0.265205E-03),
cycle 2822 (time = 0.371839E-03), cycle 3242 (time = 0.419568E-03), and 5420 (time =
0.655711E-03). The penetration was at 0 degrees obliquity to match the experiment.
Calculations at other impact conditions could be made to study the effects of convergence
or divergence of the warheads but were deemed as too expensive at this time. These data
dumps were turned into pictures of the calculational geometry with contours of the
appropriate data overlaid on this model. Time history data was written continuously
during the calculation and this was used to generate time history plots of pressure at
various locations in the problem. Two-dimensional axisymmetric calculations will be made

to supplement this tripak computation.




Methodology

The EPIC hydrocode outputs two different types of neutral files for postprocessing
in PATRAN: results files and model files. (Figure 4) The model files draw the geometry
of the penetrator and target; the results files contain the information that draws the
contours of pressure, stress, strain, damage, and temperature that occur in the target and
penetrator. This particular calculation's output was extremely large; the files were
processed through a program called extrf , created by Mike Nixon, that extracted all
internal information about nodes and elements, leaving the essential external nodes and
elements. In PATRAN, the _t_éirget was constructed according to the model file; for each
category (pressure, stress, strain, damage, and temperature) the results file was referred to
and the column number that corresponded to the category was specified. "AHIDE" was
turned off, and the model was rendered to show the contours. For convenience in
shortening a repetitive process a PATRAN session file can be created (Figure 5). For use
in analysis, four different views of the model were created: -90, 0, 30 -30, -60 30 (Figures
6-9). A Silicon Graphics utility, snapshot, was used to capture .rgb files, the graphics
displaying the model. A sequence of appropriate plots can be grouped together to form an
animation using the SGI movie utility. This would show the progression of a variable
during the calculation. All of these pictures are to be used by Mr. Nixon to do detailed
analysis of the calculation and will be compared to actual data gathered during the

experiment on range C-64.

Results and Conclusions

The results of the simulation and postprocessing: 102 color files detailing
pressure, stress, strain, damage, and temperature; four files for pressure, stress, strain, and
damage, and one file for temperature for each of the six cycles.

Conclusions drawn from analysis of the calculation: no apparent synergism occurs

in the multiple penetrator impact. Obvious lines of radial damage occur in a triangular
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pattern corresponding to the formation of the penetrators. Additional calculations may be
performed to explore convergence or divergence of multiple penetrators. This scaled
model is still under study and conclusions are preliminary; my mentor, Mike Nixon, and
Lt. Kevin Conner, a test engineer from the Computational Mechanics Branch, will be

preparing this study for inclusion in a forthcoming technical report on the tripak problem.
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A STUDY OF SILK COATINGS
ON THIN FIIMS

Jessica M. Behm
Fairmont High School

Abstract

The coatings of silkworm silk on thin films was studied. A 9.3M
LiBr and several concentrations of silk solutions were made to
determine the effect of lasers on thin films covered with these
solutions. Experimental results indicated that these solutions

will need to be altered to gain the expected results.




A STUDY OF SILK COATINGS
ON THIN FILMS

Jessica M. Behm

Introduction

The study of silkworm silks for the coatings thin films has
increased. The are now being used for many laser hardening
projects. There are many advantages in using silk and silk
solutions. This material is readily available, has a natural
helical or beta sheet structure which permits chromofores to be
easily attached , and can reflect or absorb laser light. The goal
of this research is to design a silk coated thin film to reflect
and absorb certain wavelengths of laser light.

Methodology

Thfee colors of silkworm cocoons (white, yellow, and gfeen) were
separated and cut into 5 by 5 mm pieces. They were then boiled
in Milli-Q water for two days or until the silk became
denaturized. The water was changed two to three times during
this process. The silk was then dried in an incubator overnight at
37° C. The dried silk was then put into different concentrations
of solutions (.0l1g of silk, 0.1g of silk, and 1.0g of silk per 10
ml of 9.3 M Lithium bromide) was then put in an incubator at 40° C
for three hours. Microscope slides were cut into thirds and boiled
in ethanol. A dry slide was placed in the spincoater. The vacuum
was turned on and set the spin time at 10 seconds. The
spincoater's rpms were set at speeds of 25, 50, 80, and 100. For
each speed two samples were taken. Each of the three concentrations
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were tested for spread. The slides were covered by a drop 3/4 the
size of the slide. The slide were left to dry for four weeks.
Another solution was made containing 2ml of ethanol, 0.01g of silk,
and 10ml of 9.3 LiBr, which was added to speed up the drying
process.

Results ‘ .

Affer four weeks, the slides were not dry. Although the lower
concentrations did not dry completely, they did dry more than the
higher concentrations. Other lower concentrations were not tried
due to the failure of necessary equipment.

Conclusion

The conclusions drawn from this experiment show although silk is
readily available, the processing of silk to a form useful for
research is time-consuming. The solutions will need to be made
from very small ratios of silk to large ratios of LiBr. And even
then, testing the films will be difficult to find to correct
wavelength of reflection or absorption. The calculations to find
the theoretical concentrations needed at specific Qavelengths
should be researched before the time is taken to experiment by
trial and error.
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Analysis of Spectrum Loading of SCS-6 /
Timetal®21s

Timothy B. Booher
Wright Laboratory Materials Directorate, Wright-Patterson Air Force Base, OH
45433-7817 (USA)

Introduction:

Titanium matrix composites (TMCs) are being considered as materials for
structural applications in advanced aerospace applications which involve exposure to
both mechanical and thermal cycling at high temperatures. TMCs offer many
advantages over superalloy components in high temperature structural applications.
Nickel superalloys have worked well in the past, but they are heavy and in current
applications are being used at temperatures within a few hundred degrees of their
melting temperatures. TMCs offer the potential to replace these alloys with ones that
offer higher temperature capability, lower density, and higher stiffness.

At present, however, certain problems exist in the application of TMCs. Besides
the high cost of the materials, the titanium alloys suffer from a severe interstitial
embrittlement during air exposure at elevated temperatures. Within the Timetal®21S
material, high temperate air exposure promotes an alpha precipitation within the
normally beta matrix (oxygen is a potent alpha stabilizer). This severely reduces the
ductility of the material as well as its fatigue resistance. In composite form, the
embrittiement can be so severe that the matrix ductility can drop below the theoretical
minimum ductility required for load transfer between fiber and matrix. Also, the
oxidizing environment will attack the fiber coatings, typically C or TiB,, leading to a
reduction in the strength of the fiber and a brittle reaction zone at the fiber / matrix
interface.

Another problem that exists in TMCs is the reduction in load carrying capacity
when the material is not loaded parallel to the fibers. The strength, especially creep
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strength, of the composite degrades severely for transverse loading. This limits the
application of these materials.

Due to their high temperature capabilities, proposed applications of TMCs often
entail both mechanical and thermal cyclic loading. Emphasis is therefore placed on an
accurate prediction of the thermomechanical fatigue (TMF) life of these components.
Due to the differences found between the coefficients of thermal expansion between
the fiber and the matrix, internal stresses are generated during thermal cycling and
must be accounted for in addition to those normally produced in mechanical loading.
Accurate analysis, therefore, is contingent upon the stress or strain in the fiber and
matrix as well as the total applied stress.

Analysis

PROGRAM:

Since the analysis includes both thermomechanical loading and temperature-
dependent material properties, a unified constitutive modeling program is necessary.
These factors are placed into the FORTRAN program, FIDEP (Finite Difference Code
for Elastic-Plastic Analysis).

FIDEP is a PC-compatible user-friendly computer code developed in-house at
the Materials Directorate, Wright Laboratory, Ohio, for the purpose of predicting
micromechanical stresses in metal matrix composites under complex thermal and
mechanical loading histories. The program incorporates different loading histories,
micromechanical models, and constitutive models in a modular form to allow for easy
implementation of new requirements.

In this simulation, an axisymmetric concentric cylinder model (CCM) was used.
This allowed the central core to represent the fiber, while the outer anular region
represented the matrix, and the outermost region represented the 90. The geometry of
this situation allows for a relatively simple analysis of the advanced three-dimensional
stress state in both the fiber, matrix, and 90. This model also permits both axial and
radial loading.

The following assumptions are made in the analysis. The temperature
distribution is uniform and is quasi-static. A perfect bond exists between the
constituents of the composite so that there is no slippage or separation of the
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constituents. The concentric cylinders are in generalized plane strain and are
subjected to axisymmetric loadings and displacements so that the shear stresses are
zero. The constituent properties are isotropic. Tt.g fiber is linearly elastic.

MATERIAL MODEL:

In order to reflect various aspects of inelasticity including plasticity, creep and
thermal recovery, it was necessary to use a unified viscoplastic constitutive model. The
unified inelastic-strain theory consisting of a Bodner-Partom flow rule with modifications
can adequately model the response of Timetal®21s. This theory avoids simplifying
assumptions about inelastic strain as the sum of plastic and creep components and
therefore has adequate description of complex behavior of a material under plasticity-
creep interaction conditions.

The total strain (¢*) is defined as the sum of:

ef =€f +e] +e]

el

The elastic stress “i " is contingent on the elastic modulus “E”, current stress
state “c, and Poisson's ratio “v". The thermal strain components are equal to the
product of the coefficient of thermal expansion “o” and the difference of the current and

reference temperatures. The Bodner-Partom flow rule controls the formation of the

inelastic strains L and is described below:

In comparison to other unified inelastic strain formulations, this theory describes
the directional (kinematic) hardening with a special directional hardening term. Other
theories represent directional hardening phenomena with a “back-stress” modified
equivalent stress. Introduction of the directional hardening term alters the Bodner-
Partom flow rule by replacing the previously known variable “drag-stress” with the sum
of isotropic and directional hardening terms, Z' and Z°, respectively. These two
hardening terms enter into the inelastic strain rate equation or flow faw:
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D, is the limiting strain rate, s; are the components of deviatoric stress, and

J. =200
2

The evolution of Z' and Z° have similar empirical forms. Each equation consists
of a hardening term, a thermal recovery term, and a temperature rate term. The

isotropic hardening evolution equation with these three terms is:

ol o in I 5 o o
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and the inelastic work rate is given by:

The initial isotopic hardening, Z'(0), is Z,. The material parameters associated with the
isotopic hardening evolution are m,, Z,, Z,, Z,, A4, and r,. The thermal differential terms
dZ dZ,

0Tang 9T appropriately scale the isotropic hardening variable when inelastic

deformation and thermal recovery do not occur during nonisothermal conditions, thus
preventing ZI from passing through maximum or minimum values with temperature
changes.

The scalar product of the state variable “bij" and a unit stress vector uij yields

the magnitude of the directional hardening term:

z° = Bu;,
where:
Bu =m, '(Z3uij - B:'J')'W;""—A2 -Z,[—B‘/—Z"——’:E’E’—J v +—%—%§-7."
=9
" Jouou
and:
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The initial directional hardening variable, Z°(0) is set to zero. The material constants

associated with the directional hardening evolution equation are m,, Zs, A,, and r,. The
_8_22_

temperature differential term 0 T appropriately scales the directional hardening

variable when inelastic deformation and thermal recovery do not occur during

nonisothermal conditions. In particular, without these differential terms the directional

hardening accrued at one temperature may exceed the limiting value Z, at another

temperature, which is not physically realistic.'

LIFE PREDICTION MODEL

The end result of this modeling is the implementation of the data into a life
prediction model that can determine the number of loads, that the specimen can
sustain before failure occurs.

The life fraction model consolidates data from a variety of isothermal and TMF
tests. Damage is considered to accumulate simultaneously due to independent
mechansims, each represented in the model by a fraction of the total life. When the
sum of the life fractions from each meachanism equals one, the failure can be
predicted.

LOAD CONDITIONS

A TMF test capability was developed to conduct simulations of seven simplified
phases of a generalized hypersonic flight profile. Two different loading cycles of
interest were cruise and orbital cycles. The orbital mission is displayed is figure 1 and
the cruise mission is displayed in figure 2.

Seven points were selected to represent each different phase of the flight
profile. To accurately determine which difference between each pair of points produced
the most dramatic effect on the life of the specimen, seven phases were selected, one
phase connected each pair. The in-phases (denoted by IP) in figures 3-8 reach

' For further information see Kroupa IMPLEMENTATION OF A NONISOTHERMAL UNIFIED
INELASTIC-STRAIN THEORY INTO ADINA6.0 FOR A TITANIUM ALLOY (1993).
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maximum load and temperature simultaneously, while the out-of-phases (denoted by
OP in figure 3-4,9-11) reach maximum load and minimum temperature simultaneously.

The temperature and load spectrun: for zach phase is shown in figures 5-11.
The spectrum flight profile consists of a non-isothermal load cycle distributed with

temperatures over a selected spectrum.

PLOTS AND DISCUSSION

Of interest were the peak values of the separate stresses of the fiber and matrix.
The program MIN-MAX was utilized to remove these values from the out-put data files.

A few representative stress-strain plots were chosen to display the results of the
analysis. It is apparent that some undergo ratcheting while others stay within a steady
pattern. Ratcheting is the term that defines the movement along the absissa of cyclic
patterns (see figure 13, in comparison to figure 12). The ratcheting is due to an
increase in the strain rate with time-dependent behavior.

Some plots are also chosen that display the individual stresses of the fiber,
matrix, and 90 verses time steps. These plots are useful in the sense that they provide
a solid comparison of each individual micromechanical stress. It was these values that
were placed into the MAX-MIN program. This made the values described in these

graphs very important to the life-prediction program.

Closure

The practice of mathmatical modeling has proven useful in such cases as this
one. By simplifying complex material models in this manner, both time and money are
saved. These results will be further tested with more complex, less simplified models
until the degree of error is at a minimum.

Once these values are gathered, and sent to a senior scientist who will alalyze
them in the life prediction model discussed above. From this model, the results will
then be placed into applications relating to a hypothetical hypersonic flight vehicle,
where they will be subjected to temperatures and environments similar to the one
described in this paper.
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Orbital Mission

Load
%DLL
dT/dt = 5°F/s up
4 = 2.5°F/s down
100 +
80 80 %
66%
60 +—
40 +
35%
en
20 +
= = 18% DLL
—— ' : >
-200 70 start 800 1200 1500
Temp, °F

Figure 1
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Cruise Mission

Load
%DLL
A dT/dt = 5°F/s up
= 2.5°F/s down
100 +
0 |-
720 s
66% holdg 1| 67%
60 +—
40 + 38%
start g 35%
24%
20 18% DLL
end. I I N
70 800 1100
Temp, °F
Figure 2

1-9




4, ‘dway

¥ 81nbi4

(11143 008 oL
< T 1 pue
y-di
710 %8l -1 02
) \ %bz
-dl
t e
%te T OF
t-d TO09
%l oy %99
oTL
%08 T8
T ool
T110%
peoq

uolssiy asing)

a0 %sl

UMOD ¢/4,5T =
dn ¢/4.5 = \p/Lp

%00

~T oot

110%
peoq

uoyss|y 1elqI0

1-10




8 8.nbi4
d3ls

\ \
/\ (\ v v ..\ v
¥ 9seyd uj
d31S

SNV DT TN e

N 21N AN 2N 7

|

9 einfly ¢ oseud ul

AR

ddvZs- e~

dnN3l

avon

avon

/ @inbBi4

dais
\ y \ '
‘n_n_<Nm|ll
dW3Ll—o—
€ 9seyd u|
dals
t W N £ S\ WO SO - N S - T N _
Y ] 0 (- 1
]
7
G ainbi4

I @seyd ul

dN3l

di3lL

1-11




d3als
3
Ve
\ \\ \ar \I’ \\I /
WAV 7 NV / N
\ 1" d v
ddvzs- — —
¢ 9seyd Inp dW3L—o—

Ol 8inbi4

avo

d3lLs

L L 8inbiy4

e
ANANANANANANARANAN S
T ER | PV A P A TAY A YA R AP AV
W A M L Y MY (N V)
;mn_<Nw..l| r
dN3L—e—
€ 9seyd o
d3ils
Lo\ A S A L, T
=_ \. > n \, \._ " .>, W Wi
/ T\, 7\ YAY /1 VAURIAN
( \ ! ] /
Vi v v Y v f-\ v Vv ___ v
ddvzs-— — ’J
..._s_m._.clﬂl‘
I 9seyd inQ
6 84nbi4

avoi

dN31

1-12




G| ainbi 1 8inbi4
NIVHLS Nivdl

T T T Y T oyt ---------q-

g
p
’ e
\\ h
= ’ -4
\\ - - -
L -~ E
- -
L L,
L . ’ L
- - -
b \\ L4 L
,”° 4 e -
S - o [
lll ] -y L
C A |\\\ P —-H-m_ "
- -t -
[ ] » [
b - p= -
- - s =
- =1 3
p 1 o
. F
3
L p
E o s
= - 5
] F
.
I 1 i 1 1 1 1 1 2

(es1n1Q) v aseyd-uj (ssin19) ¢ eseyd-uy

NIVHLS NivHdls

o T T Y 14 T T T Y T T T 4 T L T T T T T
b

s 7]
[ # 13 |
- |
L 4 w - i
8 4 w i -
i ] [ 06--e--
] [ 1eql4—

(es1n1)) g sseyd-u| (lenq10) 1 eseyd-uj

€1 ainbi- 21 ainbi

S$S3H1S

1-13

S$S3HlSs




NIVHLS

/1 81nbi4

(leuquQ) ¢ sseyd-1inQ

- S§S3HIS

81 ainbi4

NIVHLS
———— ' -
\‘\\
\Q\\\ ]
\\\L\
i’ w
2 14
pe v}
(1 m
£ 1w
.“ (73]
leqi--e-- :
XUJe\ ~— 4
(esinu)) ¢ aseyd-ino
NIVHLS
b\\
v i
4
19
\\\I\ 1 H
im
) h s
w

(lenquQ) | aseyd-1inp

91 ainbi4

1-14




CHEMICAL DECOMPOSITION USING NON-THERMAL DISCHARGE

Kimberly N. Cabral
Mentors: Capt. Randy Drabczuk
and
Heather Petresky

Choctawhatchee High School
110 NW Racetrack Road
Ft. Walton Beach, Florida 32547

Final Report for:
High School Apprenticeship Program
Wright Laboratory

Sponsored by:
Air Force Office of Scientific Research
Bolling Air Force Base, DC
and
Wright Laboratory

August 1994

5-1




CHEMICAL DECOMPOSITION USING NON-THERMAL DISCHARGE

Kimberly N. Cabral
Choctawhatchee High School

Abstract

Chemical decomposition produced by a non-thermal discharge process was studied to establish
the efficiency of a coaxial reaction tube. Gaseous toxicant TCE was combined in a flow with 0O, and H,0O
vapor to form the working gas. The working gas flow passed through the reaction tube, and
concentrations of the gas were monitored on input and exhaust ports. Electrical power and concentration
reductions (%) were utilized to calculate the process efficiency. Parameters were varied to examine their
affect on the efficiency. The varied parameters included flow rate, TCE concentration, power, and
freciuency of applied electrical voltage. Efficiency is defined as the ratio of a theoretical energy per
molecule to the input energy divided by the number of TCE molecules destroyed. Experimental results in
the 1-watt range indicate a higher efficiency and show a direct relation between efficiency and flow rate,

and efficiency and concentration.




Introduction

As time progresses, pollution proliferates. It has become a problem of particular concern to the
government and various industrial organizations [5]. The Environmental Protection Agency (EPA) and
Clean Air Act Amendments of 1990 encourage organizations to develop methods to greatly reduce their
toxic and hazardous emissions [2,10,13]. For example, several hundred of about 4600 Air Force sites
contain noxious wastes, and about 57% have six remaining years to comply with federal standards [5].

Chlorocarbon trichloroethylene , or TCE (C,HCL3), is an environmental toxicant. It has been
utilized as a decaffeinator until the same general time as the National Cancer Institute (based on a study)
detected cancerous tumors in mice that were exposed to it, and some of these tumors spread to the lungs
{8]. TCE is, in fact, very harmful to the human health. It can provoke nausea and narcotic effects, cause
dermatitis and severe damage to the liver and kidneys, and if exposure is at very high concentrations, the
results may be as extreme as coma and death [11]. Currently, TCE is primarily utilized to degrease
metals and often contaminates ground water at concentrations between 10 and 15 parts per million (ppm)
[5]. In this way, TCE is of great concern to the Air Force.

There are presently sparging towers in use to extract TCE from ground water. In these sparging
towers, a gas and liquid, flowing in opposite directions, are introduced by means of a fritted glass to make
bubbles which collect TCE. The new gas containing TCE is then emitted from the system via H,O mist
[5]. Sparging is only nascent to the removal process of TCE, however, and it solves one problem while
actually creating another. A product is undoubtedly released into the atmosphere which remains noxious
and aberrant to EPA standards. An additional technique is necessary to eliminate the TCE and prevent its
effects on the atmosphere. The technique should alter the chemical properties of TCE subsequent to its
removal from ground water, thus forming innocuous compounds.

NOx is another contaminant of great concern to the Air Force. (The term NOx refers to
compounds of nitrogen and oxygen.) There are two general types of NOx: thermal and fuel. Thermal
NOx is formed when nitrogen in combustion air is dissociated and recombines with oxygen. Fuel NOx

occurs in the oxidation of chemically-bound nitrogen in fuel [2,12].
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NOx is severely harmful due to its many possible forms. It plays an active role in photochemical
smog, PAN(acronym for peryoxacetal nitrate and ozone) production, acid rain formation and ozone layer
depletion [2,12]. Photochemical smog is created when NOx reacts with various hydrocarbons to create
alcohols, ketones, aldehydes, formaldehydes and acrolein [2]. PAN is a photochemical oxidant, which
means it is a stronger oxidizing agent than oxygen in air and an assailant of chemicals not usually
attacked by atmospheric oxygen [8,12]. In a reaction involving NOx and H,O vapor, HNO, and HNO,3
are formed, otherwise known as acid rain, which is damaging to human health when inhaled [2,3].
Because acid rain mists attack calcium carbonate (limestone and marble are composed of calcium
carbonate), they contribute to the atrophy of buildings, statues, etc. [8].

NOx is generated in various ways. Some of the NOX in the atmosphere is generated by lightning
[2.4]. NOx emitted in processes such as combustion of fossil fuels (petroleum, coal, natural gas) for
electricity and industrial processes, and incineration of wastes where air is heated to temperatures greater
than 1100°C, is most frequently in the form of NO [3,8,12]. NO endangers human health when inhaled,
damages vegetation and degrades materials through acid decomposition [12]. Once in the air, NO can be
oxidized to form NO,.

NO., like NO, is harmful to humans and aids in the decay of materials [12]. In the presence of
sunlight and other pollutants, NO and O are formed from NO; {2]. If these react with atmospheric
oxygen, ozone is formed. Ozone is a photochemical oxidant detectable by most people at a concentration
as low as 0.02 ppm due to its strong chlorine-like odor. [8].

One of the many possible solutions to the dilemma of ridding toxic waste in gaseous form is the
non-thermal discharge process (NTDP). Thus far, NTDP has successfully destroyed TCE, ethyl
acetoacetate, dimethyl methylphosphonate, soman, formaldehyde, malthion, benzene, hydrogen cyanide,
carbon tetrachloride, and freon 12 [2]. It may also be applicable to NOx and SOx {2,6]. Even better, any
compound that is effectively oxidized by oxygen atoms may be eliminated with this process, and different
pollutants can possibly be removed simultaneously [9,15].

There are many types of NTD processes, including glow, pulsed corona, electrified packed bed,

surface, and silent electric. The silent electric non-thermal discharge method is the type discussed in this
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paper. Itis termed “silent” electric because glass is used to deter intervention of outside particles with the
plasma,; also, the discharge is actually silent as compared to an apparatus in which the discharge occurs
between two conducting plates {6].

In NTDP, electricity (as opposed to heat) is applied to excite electrons [5]. Energy from a high
voltage supply is dispensed to electrodes and is coupled into the non-thermal plasma. Within the plasma,
electrons in the energy range of 5-10 eV (or 50,000-100,000 °K) attack the background gas [7). At
atmospheric pressures, the breakdown of the background gas gives way to numerous microdischarges
which have a life span of approximately 100 nanoseconds [2]. Radicals such as atomic oxygen and
excited-state oxygen are created and decompose the pollutant gas. Harmless compounds such as H,O and
CO; are then formed [1,2,5,15]. Because the main focus is on exciting the electrons rather than directly
heating the gas, NTDP is efficient in saving energy and capital.

The Air Force has environmental problems that may be alleviated with this process. A further
investigation of NTDP may bring about favorable results.

Discussion of Experimentation

POWER
SUPPLY

TO ATMOSPHERE

NON-THERMAL

F:LTER
MIXING CHAMBER

MASS FLOW
CONTROLLERS

PERMEATION
TUBE

02

GAS
CHROMATOGRAPH Ha0 VAPOR
GENERATOR

Figure 1. Experimental Setup
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Figure 1 shows the setup of the experimental apparatus. Oxygen (the diluent gas) travels from
the tank to two areas, one of which is the thermostat or “bath” (a Scientific Isotemp Immersion
Circulator). Inside the bath is a stainless steel permeation tube, and inside the permeation tube, TCE
liquid and vapor encompass a membrane. Oxygen enters one end of this membrane and travels a circular
path. Some TCE enters the membrane and the oxygen then collects it [11]. A stable gas mixture of O,
and TCE is thus created.

The amount of TCE which will permeate is determined by the temperature of the bath (which is
adjusted with the attached regulator). The necessary temperature can be found in reference to the desired
concentration of TCE from the equation

C=E
F

where  C = concentration
E = emission rate
F = flow rate. [11]
Assume the desired concentration of TCE is 4800 ppm. The flow rate is 300mU/min and the emission rate

is unknown. E is solved using the equation

Thus, E = 1440000.
Based on the emission rate, the temperature can now be determined, using Figure 2 [11]. 14.4 x 10°
(changed to accommodate the table) is found in the left axis. Following 14.4 horizontally until it merges
at a point with 10° will give the required temperature: 88°C.

Reverting to Figure 1, the gas from the permeation tube continues to the water vapor generator,
or bubbling chamber, where water vapor is added to the stream. TCE + O, + H;O vapor travels to the
mixing chamber.

The second stream of oxygen from the tank (sometimes referred to as “dry O,”) goes directly to a

mass flow controller and then to the mixing chamber, where it combines with the TCE + 0, + H,0 flow.




From the mixing chamber, the gas passes through the input valve to the 200ml coaxial reaction
tube. The Elgar system, a commercial power supply, provides the tube with the electricity via voltage
transformer. Diagnostics are used to measure the current and voltage in the tube. Microdischarges occur
in the flow as it continues down the tube.

The coaxial reaction tube is made of glass. The inner tube contains salt water (to serve
conducting purposes) and a wire brush, which is an electrode. Around the outer tube is bound a copper
coiling to serve as the other electrode. (The electricity enters one free end of the copper coiling and the
wire brush [14]. Microdischarges, then, occur in the gap between the two glass tubes.)

Connected to the output of the reaction tube is a trap that collects any excesses (liquid