
AD 

MEMORANDUM REPORT ARCCB-MR-94047 

REPORT OF VISITING SCIENTIST ATTACHMENT OF 
DR. ANTHONY P. PARKER OF 

UNIVERSITY OF NORTHUMBRIA, U.K. 
TO BENET LABORATORIES 

JULY-AUGUST 1993 

J.H. UNDERWOOD 
A.P. PARKER 

DECEMBER 1994 

DTI 
ELECTE 
MAR 2 01995 

US ARMY ARMAMENT RESEARCH, 
DEVELOPMENT AND ENGINEERING CENTER 

CLOSE COMBAT ARMAMENTS CENTER 
BENET LABORATORIES 

WATERVLIET, N.Y.    12189-4050 

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED 

mom i62 



DISCLAIMER 

The findings in this report are not to be construed as an official 

Department of the Army position unless so designated by other authorized 

documents. 

The use of trade name(s)   and/or manufacturer(s)  does not constitute 

an official indorsement OT approval. 

DESTRUCTION NOTICE 

For classified documents, follow the procedures in DoD 5200.22-M, 

Industrial Security Manual, Section 11-19 or DoD 5200.1-R, Information 

Security Program Regulation, Chapter IX. 

For unclassified,  limited documents,  destroy by any method that will 

prevent disclosure of contents or reconstruction of the document. 

For unclassified,  unlimited documents,  destroy when the report  is 
"X. 

no longer needed.  Do not return it to the originator. 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 

P ,,,.„ rea-r,,-- - con for this collection of information is estimated to average i hour per response, including the time for reviewing instructions, searching existing data »«"«. 
„ätheri"-anc r"'- äininc the data needed, and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect of this 
' lr,.nr .-<',ni v -. -'ion inciudmq suqaesnons for reducmq this Burden, to Washington Headquaners Services. Directorate for Information Operations and Reports 12! 5 Jefferson 
Davish"^a    S   '-" -2oi Arlinctnn VÄ 22202-4302 and to the Office of Management and Budget, Paperwork Reduction PrO)ect (0704-0186), Washington, DC 20503  

1.  AGENCY Lit ONLY (Leave blank) REPORT DATE 

December 1994 

3. REPORT TYPE  AND DATES COVERED 

Final 

TITLE AND SUBTITLE 
REPORT OF VISITING SCIENTIST ATTACHMENT OF 
DR. ANTHONY P. PARKER OF UNTVERSITY OF NORTHUMBRIA 
U.K. TO BENET LABORATORIES JULY - AUGUST 1994 

6. AUTHOR(S) 

J.H. Underwood and AP. Parker (University of Northumbria at Newcastle, 
United Kingdom) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Benet Laboratories, AMSTA-AR-CCB-O 
Watervliet, NY 12189-4050 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Close Combat Armaments Center 
Picatinny Arsenal, NJ 07806-5000 

5.  FUNDING NUMBERS 

AMCMS: 6126.24.H180.0 
PRON: 470TEV64471A 

8.  PERFORMING ORGANIZATION 
REPORT NUMBER 

ARCCB-MR-94047 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION .'AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited 

12b. DISTRIBUTION CODf 

13. ABSTRACT (Maximum 2C0 words) 
The results of a two-month visiting scientist attachment of Dr. Anthony P. Parker from the University of Northumbria at 
Newcastle, United Kingdom to the U.S. Army Armament Research, Development, and Engineering Center, Benet Laboratories 
are reported. A description is given of the arrangements for the visit, the technical topics addressed during the visit, and the 
status of the technical reports that give details of the results of the visit. 

visiting'Scientist, Fracture Mechanics, Metal Fatigue, Stress Analysis, Pressure Vessels 

17.   SECURITY CLASSIFlCAl 
OF REPORT 

UNCLASSIFIED 
NS'-v 7biO-C' -2&j-bi: _ 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED  

15.  NUMEEh Or   PAGES 
10 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

S:='ca-c ■rr. 29S ■!*<=.    2-89 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS  ii 

INTRODUCTION    1 

TECHNICAL TOPICS  1 

Cracking of Eroded Cannon     1 

Analysis of Bore Evacuators  1 

Axial Bending of Autofrettaged Tube     2 

Fatigue of Perforated-Tube Muzzle Brake  2 

SUMMARY • 2 

RECOMMENDATION     3 

REFERENCES  4 

List of Illustrations 

1. Configuration of Eroded Cannon 5 

2. Effect of Stress Concentration Factor on Fatigue Life of Eroded Cannon   6 

3. Bore Evacuator Configuration   7 

4. Fatigue Life for Evacuator in Tubes with 0% and 50% Overstrain and 
Various Material Yield Strengths    8 

Accesion For 

NTIS    CRA&I 
DTIC    TAB 
Unannounced 
Justification 

D 

By   
Distribution / 

Availability Codes 

Dist 

ad 

Avail and/or 
Special 



ACKNOWLEDGEMENTS 

We are pleased to acknowledge the help of Dr. Roy E. Reichenbach, Chief, Aeronautics 
and Mechanics Branch, U.S. Army European Research Office, London, in accomplishing the 
work described here. His early and continuing support made the visit possible. 



INTRODUCTION 

The arrangements for a visit to Benet Laboratories by Dr. Parker were initiated following 
his inquiry regarding a possible visiting scientist attachment. Dr. Parker is familiar with 
armament research, having worked with the Royal Armament Research and Development 
Establishment in the U.K. and as a visiting scientist at the (current) U.S. Army Research 
Laboratory in Watertown in 1980. Dr. Parker has also lectured at Ben6t Laboratories and has 
collaborated with Ben6t scientists in the area of fatigue of armament materials and structures 
(ref 1). 

Administrative arrangements for the visit were provided by Dr. Roy E. Reichenbach, 
Chief, Aeronautics and Mechanics Branch, European Research Office, London. Funding of 
$7.5K to cover part of Dr. Parker's travel expenses was provided by a PM-ABRAMS FY93 
program titled "Cracking of Eroded Cannon." This topic, that of the analysis of fatigue cracking 
in a cannon experiencing erosion, was established as the primary technical topic for the visit. 
Results for this and other topics addressed during the visit of Dr. Parker are described in the 
following paragraphs. 

TECHNICAL TOPICS 

Cracking of Eroded Cannon 

The use of increased performance rounds in tank cannon has led to more frequent 
occurrence of severe localized erosion on the inner diameter of a cannon near the breech end. 
This type of problem has occurred in U.K. as well as in U.S. cannons. The erosion often occurs 
as a localized groove that can be the cause of premature cracking in a cannon. The analysis of 
cracking from localized erosion in a cannon tube was the primary topic of the technical visit of 
Dr. Parker. Two figures from the paper describing the work (ref 2), give a summary of the 
results. Figure 1 shows a typical location and configuration of the axially oriented erosion 
grooves in a 120-mm inner diameter cannon tube. The grooves form just ahead of the chamber, 
where the outer-to-inner diameter ratio, W, is 2.25. Analysis of the tube, groove, and crack 
configuration using fracture mechanics resulted in calculations of fatigue life for various values of 
W and of k„ stress concentration factor, of the erosion groove, as shown in Figure 2. Note that 
measured lives from earlier Benet tests of full-size sections of 120-mm cannons are in good 
agreement with the calculated lives. The good agreement is significant, because it shows that 
calculated fatigue lives such as those plotted in Figure 2 can be used in conjunction with fatigue 
life tests to make more accurate determinations of safe fatigue lives of cannons. 

Analysis of Bore Evacuators 

Holes through the wall of a cannon are often used to evacuate the residual combustion 
gases after firing of a cannon. Analysis of the fatigue life associated with evacuator holes was a 
second topic of the visit, as described in References 3 and 4. A typical evacuator hole 
configuration and fatigue life results are shown in Figures 3 and 4, respectively. The 30-degree 
orientation of the evacuator hole relative to the cannon tube axis, shown in Figure 3, is 
commonly used in cannons in the U.K. and in the U.S. Results of fatigue life analysis for 



various positions along the hole and for various values of tube overstrain and tube material yield 
strength are shown in Figure 4. The most interesting aspects of the life calculations are the 
significant effects of overstrain and material strength that occur in a quite narrow range of 
position along the hole. For positions near the tube inner diameter the fatigue life can be 

increased tenfold for a tube overstrain of 50 percent, whereas in locations away from the tube 

inner diameter the tube overstrain and material strength have little effect on fatigue life. This 
type of life calculation, again in combination with fatigue life tests, will be very useful in safe life 
determination and design of cannons with evacuators or other types of holes. 

Axial Bending of Autofrettaged Tube 

Another topic considered during the visit was analysis of the axial bending of a section 
cut out of an autofrettaged tube. The hoop direction bending of a autofrettaged tube section has 
proven to be a very useful measure of the autofrettage residual stress in a tube, providing 
important information for safe life calculations for cannon tubes. The analysis of axial bending 
may lead to a residual stress measurement method of equal importance for cannons. This 
analysis is being continued by Dr. Parker and will be compared with instrumented bending tests 
of tube sections at Benet. 

Fatigue of Perforated-Tube Muzzle Brake 

Dr. Parker worked with Applied Mathematics and Mechanics Branch scientists during the 
visit to improve the finite element stress analysis model of a perforated-tube muzzle brake used 
on advanced cannons. He showed that by using the classic and powerful method of 
superposition, the size and accuracy of the muzzle brake model could be significantly increased 
with little increase in computation time. This will allow more complete and realistic modeling of 
this new type of perforated-tube muzzle brake. 

SUMMARY 

1. The visiting scientist attachment of Dr. Parker to Benet Laboratories was arranged 
through Dr. Reichenbach of the European Research Office in London and was funded through a 
PM-ABRAMS program. 

2. The primary technical topic-Cracking of Eroded Cannon-was completed and 
published as an ARDEC technical report and submitted as an ASME paper (ref 2). 

3. A secondary topic-Analysis of Bore Evacuators-was completed and published as an 
ARDEC technical report and will be submitted as an ASME paper (ref 3). Additional work on 
this topic is continuing and has been submitted as an ARDEC technical report (ref 4). 

4. Two additional topics-Axial Bending of Autofrettaged Tube and Fatigue of Perforated- 
Tube Muzzle Brake-were addressed during the visit. Additional work on these topics is planned. 



RECOMMENDATION 

Benet Laboratories should consider establishing a policy on scientific exchanges that: 
(1) encourages 2 to 12 month exchanges to and from the U.K. and Australia; and (2) sets 
standards for salary, expenses, technical support, and entry and mail arrangements. 

The only problems associated with the visit of Dr. Parker to Benet involved the last item 
mentioned above, entry and mail arrangements. The experience gained from this visit can be 
used to make better arrangements for future visiting scientist attachments at Benet Laboratories. 
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