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A NEW APPROACH FOR OPTIMUM GEAR DESIGN 
(ARO Agreement No. DAAH04-93-2-0016) 
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STATEMENT OF THE PROBLEM 

The objective of the research was to investigate a new approach 
for achieving lighter spur gears with longer service life. It is 
well known that holes or other geometric discontinuities can 
alter the stress distribution in a component. Furthermore, since 
fatigue life is very susceptible to stress concentration, it can 
be greatly increased by small reductions in stress in the area of 
highest stress concentration. These two principals were applied 
to spur gears by introducing hollow or filled holes, through the 
gear face parallel to the shaft axis, to improve the gear fatigue 
life. The intent was to strategically redistribute the stresses 
to reduce the critical stress at the root fillet of the tooth. 
Stresses at the contact area were also monitored. 

Using a two-dimensional finite element model, three strategies to 
reduce the critical stresses were investigated. The first 
introduced various hole patterns through the gear face parallel 
to the axis of the shaft. The configurations were varied with 
respect to size, location and shape of the holes. The second 
strategy considered press/shrink-fit plugs in the holes to impart 
an initial compressive preload at the fillet. The third method 
incorporated a high modulus of elasticity insert in a gear blank 
of low modulus material. In this approach, the low modulus 
material at the stress concentration deforms within the elastic 
range shifting some of the stress to the high modulus material at 
a position removed from the stress concentration. Examples of 
the type of hole and insert patterns investigated are shown in 
the figures on page 2. 

SUMMARY OF RESULTS 

Hole patterns reduced the fillet stress up to 5% while increasing 
contact stress and deflection slightly. Press/shrink-fit plugs 
which imparted an initial compressive stress at the fillet 
reduced the stress only slightly more than holes alone. High 
modulus inserts in a low modulus gear gave the best results, 
achieving up to 50% stress reduction at the fillet while also 
reducing the contact stress and tooth deflection. The results of 
the study show promise for the proposed strategies. Additional 
work using optimization techniques to arrive at the most 
effective configurations should produce further stress reduction. 



U  OJ 
o c 

JJ   U 
m at 

JJ 
JJ c 
o <u 
.H o 
en 

10 <u 
ai to o c 

■H nj 
M i-t 

0 
S3 

u <u 
<o*o 
i-i -H 
3 CO 
O 
u x: 

•H JJ 
u o 

o 
-a n 
<D 
N n 

•H «0 
u <U 
3Z 
0) 
01 
0) 
n 

a 

4S 

U 

H 

CO 

> 
JJ 
U 

u <D 
C 
0> Z 

(0  (A •H 
T       (U C W H 

O I-I 
0) 

H 4J 
<a o Q 

•H r-{ 
U W 
0) 
4J JJ 

u CO 

a o> 
1   -H 
O W 

0) z 
^ JJ g tt 

CO 3 
*"^ a w 

•H ^ 

§ H 

H < 

73 
0 

U-l fc 
N 

•H Ä 
3 Ü 
01 
01  0) 
ai «) 

(T3 
0 ^ 

o< o 
» 04 DtS 

ai 

< W 
•H 
JJ 

* CO 
a 
s 2 z 

H 

D 

Z 

< 

H 

O 

W 



LIST OF ALL PUBLICATIONS AND TECHNICAL REPORTS 

Masoud, Samer, "Improving Spur-Gear Performance," Ph.D., 
dissertation; University of Cincinnati; Division of Advanced 
Studies; Department of Mechanical, Industrial and Nuclear 
Engineering; College of Engineering; Cincinnati, Ohio, 1994. 

Masoud, S. (1), M. Brown (1), W. Grissom (2) and J. Sutliff 
(1), "Strengthening Spur Gears by Altering Stress 
Distribution," (1) Dept. of Mechanical, Industrial and Nuclear 
Engineering, University of Cincinnati, (2) Department of 
Manufacturing Engineering, Central State University, manuscript 
to be submitted for publication, 1995. 

REPORT OF INVENTIONS 

No disclosures or patent applications filed to date. 



LIST OF ALL PARTICIPATING SCIENTIFIC PERSONNEL 

A.  Central State university 
Department of Manufacturing Engineering 
1400 Brush Row Road 
Wilberforce, Ohio 45384 
(513) 376-6435 

Degree Earned Position 

B.S.MfE 

B.S.MfE 

Assoc . Professor 
Professor 
Professor/Chair 
Assoc . Professor 
Assoc . Professor 
Asst. Professor 
Asst. Professor 
BSMfE Sophomore 
BSMfE Senior 
BSMfE Senior 
BSMfE Sophomore 
BSMfE Sophomore 
BSMfE Sophomore 
BSMfE Senior 
BSMfE Sophomore 
BSMfE Sophomore 
BSMfE Sophomore 
BSMfE Senior 

Name 

Mahmoud A. Abdallah, Ph.D. 
A. J. Ajayi-Majebi, Ph.D. 
William A. Grissom, Ph.D. 
August Morris, Jr., Ph.D. 
Nader I. Ralfa, Ph.D. 
Alessandro Rengan, Ph.D. 
John H. Sassen 
Willie Arnold 
Mohamed Ba 
Lanora Davis 
Eric Donkoh 
John Laryea 
Wilbur McClam 
Felipe Mesa 
Daniel Milo 
Spence Moore 
Jamal Newberry 
Tani Tambila 

B.  Dniversity of Cincinnati 
Department of Mechanical, Industrial and Nuclear Engineering 
Cincinnati, Ohio 45221-0072 
(513) 556-2738 

Degree Earned Position Name 

  Professor Max L. Brown, Ph. D 
Ph.D. M. E. Ph.D. Candidate Samer Masoud, Ph. D 
  M.S. Candidate Viorel Moga 
  M.S. Candidate Prince Rodriguez 
  M.S. Candidate Jeff Sutliff 
  BSME Junior Mark Bauer 
  BSME Junior Ric Bishop 
  BSME Junior Keith Brandt 
  BSME Junior Brad Libbey 
  BSME Junior Earnest Nicholas 
  BSME Junior Joe Servaites 



BIBLIOGRAPHY 

1. Boresi, Arthur P. and Den P. Chong, "Elasticity in Engineering 
Mechanics," Elsevier Science, 1987. 

2. Chin, H., Danai, K. and Lewicki, D., Pattern Classifier for 
Health Monitoring of Helicopter Gearboxes, NASA Technical 
Memorandum 106099, AFSCOM Technical Report 92-C-033, April 
1993. 

3. Choy, F., Ruan, Y., Zakrajsek, J. and Oswald, F., Modal 
Simulation of Gearbox Vibration With Experimental Correlation, 
NASA Technical Memorandum 105702, AFSCOM Technical Report 92- 
C-018, July 1992. 

4. Deutschman, A. D., Michels, W. J., and Wilson, C. E., Machine 
Design - Theory and Practice, Macmillan Publishing Co., Inc., 
New York, 1975, p. 118. 

5. Dippery, Richard E., "A Study in Stress Concentration 
Optimization Using Boundary Element Methods," Ph.D. 
dissertation, University of Cincinnati, Cincinnati, Ohio 1990 

6. Lawry, Mark H., "I-DEAS Student Guide," Structural Dynamics 
Research Corporation, 2000 Eastman Drive, Milford, Ohio 45150, 
1991. 

7. Savage, M. Prasanna, M. and Coe, H., Maximum Life Spiral Bevel 
Reduction Design, NASA Technical Memorandum 105790, AFSCOM 
Technical Report 92-C-004, July 1992. 

8. Shigley, J. E. and C. R. Mischke, "Mechanical Engineering 
Design," 5th edition, McGraw-Hill, 1989. 

9. Srinivasulu, B., Spur Gears - A New Approach to Tooth Design, 
AGMA Technical Paper No. 92FTMS1, American Gear Manufacturers 
Association 1500 King Street, Suite 201, Alexandria, VA 22314, 
October 1992. 

10. Yang, T. Y., "Finite Element Structural Analysis," Prentice 
Hall Inc., Englewood Cliffs, N.J., 1986. 

11. Zakrajsek, J, Townsend, D. and Decker, H., An Analysis of Gear 
Fault Detection Methods as Applied to Pitting Fatigue Failure 
Data, NASA Technical Memorandum 105950, AFSCOM Technical 
Report 92-C-035, April 1993. 


