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ABSTRACT 

As part of UCSD's URI on Ultrahigh Dynamic Performance Materials, the ARO award 

included a $600,000 equipment grant for developing state-of-the-art high-strain-rate testing 

facilities at UCSD. Under this support, the following facilities have been developed: 

1. Small broached gas gun, capable of both normal and oblique plate-impact testing, 

together with both displacement and velocity interferometric facilities. 

2. Large gas gun for normal plate impact experiments. 

3. Compression Hopkinson bar with dedicated data acquisition and analysis system. 

4. Tension Hopkinson bar. 

5. Torsion Hopkinson bar. 

6. Miscellaneous data acquisition systems including a Le Croy and a flash X-ray unit. 

These facilities were designed and constructed whenever possible, at UCSD. They include 

a number of innovative high-strain-rate testing techniques. 

Included in this report is a brochure entitled "The Experimental Facilities of the Center of 

Excellence for Advanced Materials" which includes brief descriptions and photographs of 

many of the instruments reported herewith. 
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1.0     INTRODUCTION 

As part of UCSD's URI on Ultrahigh Dynamic Performance Materials, ARO 

provided an equipment award to develop state-of-the-art high-strain-rate testing facilities. 

ARO grant No. DAAL-03-86-G-0195 was to specifically develop a gas gun for plate- 

impact experiments, and Hopkinson bars for compression, tension, and torsion dynamic 

testing of materials. Supplemented by the URI core contract, UCSD's contributions, funds 

from other sources and especially a large instrumentation grant from DOD'd BTI to ARO, 

unique state-of-the-art facilities involving a number of innovations now exist at UCSD. 

Attached to this report is a brochure entitled "The Experimental Facilities of The Center of 

Excellence for Advanced Materials", October 1990, which gives an overview of the 

existing capability in mechanical testing and other aspects of the study of advanced 

materials. 

This final report specifically addresses instrumentation developed under ARO Grant 

No: DAAL-03-86-G-0195. 

After a careful study of the availability of outside vendors for constructing the gas 

gun and the Hopkinson bars, examination of the existing capability at UCSD, and the basic 

requirement that our equipment must reflect state-of-the-art techniques for high-strain-rate 

testing which may demand innovative aspects, it was decided that it would be far more 

cost-effective and scientifically of greater potential to design and construct all necessary 

equipment — as much as possible ~ at UCSD. This would provide an opportunity for our 

students to receive hands-on experience, as also suggested by the ARO review panel. 

Upon this decision, and within six months, a compression Hopkinson bar and a small gas 

gun were operating in our laboratories. In addition, designs for a large gas gun and a 

compression, a tension, and a torsion Hopkinson bar, were in progress. At this writing 

and under this equipment award, the Center has the equipment listed in the following 

section. 

One deviation from the original list of equipment, submitted under this equipment 

grant, had to be made. Since it was expected that the design and fabrication of the large gas 

gun would require considerable time so that the large gas gun would not be operational 

immediately, and since the small gas gun was operational at the early stages of our 

research, providing a powerful tool for ultrahigh-strain-rate testing, it was decided that 

instead of purchasing a VISAR, interferometry facilities should be developed for both 

displacement and velocity interferometry, applicable to both normal and oblique plate- 

impact experiments. 

Final ARODAAL(tt-8^0195/ARO/laj=m - 2 - 



2.0     INSTRUMENTS ACQUIRED OR FABRICATED UNDER THIS 
AWARD 

2.1.    Hopkinson Bars with Dedicated Data Acquisition System 

2. LI   Compression Bar * 

m 
P azm a a m « n n- i I 

i i ö i i 
Strain Rates up to 10,000/s 

► Bar diameters: 3/8 to 1-1/2 inches 
» Bar length, input and output, each: 48 inches 
» Striker bars: 2 to 18 inches 
► Tapered striker bars for pulse shaping 
• Bar material: C350 maraging steel 350 ksi yield 
► Ramp pulse modification 
► Stress reversal capability: 

Compression followed by tension, and 
Tension followed by compression (with pulse trapping) 

• Momentum trapping modification for single compression, or tension, or 
combined pulse 

► Data Acquisition System includes: 
strain gage bridges, magnetic velocity system, Lambia low noise power supplies, 
separate channels for direct measurement of sample strains, 10 Mega sample 40995 
Nicolet Digital Oscilloscope, and Datei Systems Turbo Deluxe Microcomputer. 

¥[refer to page 4 of the enclosed brochure for photograph] 

2.1.2   Tension * 

Button end input bar, gas-gun-fired annular striker design 
3/4-inch bar diameter 
Maraging steel and 17-7 stainless steel bar sets 
Momentum trapping modification for single tensile pulse 
Recovery of unfailed specimens loaded by a single pulse 

n n   n p rat -n=p n o B     B i n r 
* [refer to page 5 of the enclosed brochure for photograph] 
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2.1.3 Compression-Tension 

* Installed on either compression or tension bar platforms 
♦ Single compression pulse followed by single tension pulse 
♦ Recovery of specimens after a single load cycle 
• Recovery of specimens after a single compression pulse 

2.1.4   Torsion 

t i 

If 
E 

1 

n 
Self-locking worm gear drive 
Precise, simple, pretorque and release mechanism 
Symmetric reaction torque 
Bending-free torsional waves 
Adaptable for multiaxial loading 
1-inch diameter bar 
Variable pulse length 

[refer to page 6 of enclosed brochure for photograph ] 

2.2.    Gas Guns 

Gas guns are precision instruments for flyer plate and other impact experiments. 
The flyer plate experiments produce extremely high rates in exceptionally clean states of 
homogeneous strain. The gas guns include a small, moderate-velocity instrument of 
60-mm bore, and a large, high-velocity instrument of 56-mm bore. 

2.2.1   60-mm Gas Gun 

1«»^   ■ "llZZlr^ 

TTTT 
Up to 200 m/s impact velocities 
Micro-grooved barrel 
Normal impact and pressure-shear experiments 
Momentum trapped recovery experiments 
Normal and transverse displacement and velocity measurements by interferometry 

refer to page H of the enclosed brochure for photograph! 
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222   56-mmGasGun 

-fl E E 3^3. 
T T T T 

Over 1,000 m/s impact velocities 
Plate impact experiments 
Sphere and rod impact geometries 
Soft recovery system 
Complete interferometric measurement systems 
Flash X-ray radiographic capability 

[refer to page 9 of enclosed brochure for photograph] 

2.3 Flash X-Ray System 

Function: This system provides visualization of internal structure of materials. 

Major Equipment: 150 kV Hewlett-Packard Flash X-Ray 

2.4 Interferometry Facilities 

Function: In conjunction with the 60mm light gas gun, this facility measures both normal and 
and transverse displacements and normal velocity during plate impact experiments. 

Major Equipment: 

LeCroy 6880 1.3 GigaHertz Digitizer System 
Oriel 10732 Optical Equipment 
Spectra-Physics 2020-05 Argon-Ion Laser 
Broomer 4700 Theodolite (micro) Alignment Telescope 
Optical Components: compensated attenuator, beamsplitter, mirrors, lenses and mounts 

[refer to page 8 of the enclosed brochure for photograph] 
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3.0     SCIENTIFIC PERSONNEL SUPPORTED BY THIS PROJECT 

For the design and construction of instruments, namely Hopkinson bars, gas gun, and 
related facilities, which have all been designed and fabricated at UCSD, the following 
technical individuals have received partial support under this grant: 

Principal  Investigator: S. Nemat-Nasser        (UCSD support only) 

Research Engineers 

Dr. John E. Starrett, Principal Development Engineer 

Mr. Jon Isaacs, Development Technician III 

Mr. Douglas Moore, Development Technician II 

Engineering Aids (Undergraduate Students) 

Mr. Brett Ellman, Engineering Aid I 

Ms. Tammy Bui, Engineering Aid I 

Mr. Jim Ledesma, Engineering Aid I 

Mr. Chuck Wong, Engineering Aid I 
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