
“
 

  

thesis submitted to the Graduate Faculty of the 

Virginia Polytechnic Institute 

    

in candidacy for the degree of 

  

AAOTER OF SOLENGE 

MECHANICAL ENOINSERING 

  

  
  

 



   

   

E ‘y 
ar 

    

és oS brs 
ft 

. iv beee GQ £. #gy 

   
     

             

            

  

   

  

we 

. . : eu? oon iad ‘ Toe : 

. 
- . 

ww edd * m 

. 

wos 
© 

uP . 

ty ¢ ee 
te oe * hoa gts 

fay, 

        

    

     



i, diet of Meures 

Il. List of Tables 

TIz # Nebetioan » 2 8 

introduction ' a * ® a 

V. the Review of Literature 

The Investigation . . « . J * * * 

A. Objeet of Investigation 

B. Hethed of Approach * 
s 

G,. ‘the Apparatus and Model 

D,. Testing Procedures . . 

VII. Discussion of Resuls » 4 6 « 

VITL. Conclusions * . e+ # @ 8 8 & 

Ik, Apperidix «4 « « * - # e a @ * 

As Semple Calculations 

  

GC, Calculation of the 

 Faeter 

  

aT. Bibliography . 

Eile Vila » eo» 

% 4 

a 

& 

ae. 

* 

= 

* 

e 

*® 

  

¢ 

2 

* 

& 

s 

ao 

ra 

* 

* 

* 

a 

Spabicon « «6 eee ee ee eh ee bk 

Strese Concentration 

Page No. 

&
 

SS
 

o
N
 
l
n
 

7 

82 

83



wun 

is LES? Or FIGURES 
      

    
ae Boundaries and Grid Network 14 6. 6 ee ws 6 43 

Ze Setup for Photegraphing Stress Pabtern .... +. 17 

ae Setup fox Sketching Isoclinies 2.24 2162+ 18 

he Loading of Model... eee eee ee ee ee BL 

Be Determination of Loading Point... 1+. 255 22 

  

Fringe Pattern Gdght Field)... 61 662 5 23 

vi Fringe Pattern (Dark Fleld) . 6.2 es eo ee & 

&. dsoclinicd 2. eee ee eee eee ee ew we ee 

Ga Surface Stresses «ee ee ee et ee eee ew 5D 

10. p Stress Contour. ys eee ee ee ee tee BL 

ile q Stress Combour . 2 2 es ee ee oe ew ee ee BR 

La. _ Superposed Stress Pathern . 6 6 6 so see ee BO 

13 Determination of Coordinahe System 2... 6.4 5 37 

Wek « Debermminabion ef the Sign of Ty, w+... se. 38 

  

LOL, Determination of Relative Magnitude of 03, . 
ON Oye a ee ee ew ee ee ee ee ee ee AD 

18. 

  

Curves of "n" and "OM, Boundery EP... 2 04 6 45 

219. Curves of Trey and AT —ns Boundary EP 4 « » swe 46 

20. Gomputation of 65, and 6) ab Points Bend PF... 47 

al. Curve of Cny + Oy = p > Gs Boundary EE - «+ . e *« s1 

Heb « Curves or yl are seg £ Boundex 41Oe GE 5 LH > © «= 85 

    Lyes oe Topsy and Alyn Boundaries GK» LA es 8 & @ 57 

Adee - Computation of %, and oy ab Points G and H... 58



  

25. 
Ab. 

  

32. 

Bod a 

  

Gurves of "n' and "6", Boun 

      

Curve of Oy + Oy = P + q, Boundaries 
Gk, EL, LH. ee ee ee ee ee 

  

Carves of (p-q) along Mines parallel to Reaxks 

Final Result of Ibere 

    

tien and Computation . . 

Calibration for Determination of Fringe 
Constant 2 «ose 6 ee ee ee he 

Determination of the Gritiesl] Section for 
Lewis’ Formila «4s 6 se eee ee ee ee. 

rf Compem.gon of the Profiles of Teeth made     

  

by Filing and Machining 46+ ees te ee ee 

Idoeclinics Photograpnt . 6 6 4 + 6 8 tp ee we 

cary Bile * * @€ 6 . e 4 

ated AT eg Boundary Bow 6 ee a 

  

73 

76 

78 

79



      

Computation of Tyo. Inside Boundary EF 
and Boundary EP 2. « « ee #8 2 & 6 #@ eH 8 

Computation of Tyy, Outside Boundary EF, . 

  

Computation of Steg Boundary Ey see eee 

Gompubation of Cy, Boundary EF 2. e+e a a oe 

Computation of ovs Boundary ae re et eee 

  

Computation 

  

of T xy? vaste and Gabside 
Boundary OK so vo 6 6 ee ep eee eee es 

Conputablon Of Taezy Bow 

  

ndaries OK and IN. 

on of Ty » tnside and Ouwbelde 

  

computation of aTxy, Boundaries GE.and LH. «| 

Computation of Cx Boundaries GEand DN. « « 

Computation of Oy, Boundaries OX and LH. . . 

  

Lot of Tyy, Inside Boundary BL. . . 

Computat Lor 

  

Of Vyeys Soundary BL « * ¢ . * 

Computation of Tayo Outside E oundary KL... 

Computation of AV rg Boundary ni s , &@ « 

Computation of T, Boundary BL. eee ee » 

  

bate 4 OL ys Beundary Bl, 2 we ee a 

Computation of T, + y= BP + Gq, Boundaries 
GE, EL and LH. 2 6 wee ee eee ee ee a ‘ 

Snflmence Coeffielent « «1. 8 6 ee ee ee 

Compntation of ©, +O, Pa, Boundary EF . 

* 6 6 4 ee eR ee ee RH we 

  

a2 
43 
hl 
4s 
49 

. 50 

69 
72



  

y 
2 

oR
 

a 
o 

. 
* * 

* 

» Hexmons 

  

Rechangular coordinates 

Feinge order 

. isoolinic paroneter 

Normal stress components parallel te I+ and 

Yanks 

. hearing sivesa component in rectangular 

coordinates 

Netioum prinwi ped sires 

| ind principal stress 

_ divy strese faneblon 

5     é funchien 

Usterial fringe constant



iV. 

  

With continued increase in the Loading and peripheral speed of 

ie 

BOarS 5 the problem of the strength of gear teeth, which has eo far 

not been successfully solved becomes more important and the necessity 

of a deeper study of the stress distribution for this case beeomes 

more Lmperative. | 

fo prevent breaiting and excessive wear, a satisfactory gear booth 

mush possess a hard surface and a tough core. Hardness of certein me~ 

tals, such as steel, is proportional to Lis tensile strength (1), tough 

  

nesg Will, om the contrary, be saerificed «lth an inerease in hardnese. 

Proper determination of these matuelly affected factors requires the 

knowledges of ebrese dishribubion at polnbe on the boundardes of a gear 

tooth ag well as poinie wlihin iis inberior region. ae 

Stresses developed in the gear teeth are considered as plane 

stresses, Due to the complicated boundary conditions; a rigorous mathe~ 

matioal solution for this plane stress problem is very difficult, 

  

hough not absolutely impossible, Heweyer certain experimental methods 

together with some numerical approximations for solwing the equillbriun 

equations and the compatibility equation have been developed whieh will 

enable ug to approach the problem with sufficient aceuracy for all prace 

tieel purposes. | 

AS WLLL be seen later, the shotwelastic method, the shear differ 

ence method and the numerteal dberation process for solving the La~ 

place's Equation are used in this investigation. 

  

Numbers in parenthes®’ refer to réfercto references in the bibliography.
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Ot OF LIteraTume 

Wilfred lewis, a ploneer in gear strength problem, first intro. 

duced hie famous Bean Strength formals in 1s92 (*), He considered a 

gear tooth as a cantilever beamy but he averlocked the factor of stress 

concentration and the factor of surface fatigue » these factors are of 

sreat importance to this pr roblem, His sormla, though widely ueed over 

the past 60 years, actually is not correct, The reason thet 1t still 

gives satisfactory res ultea in some cases ia simply due to the use of 

Lave@e safety fautore. 

In 1922 ~ 1923, the photoelastic method was uged by Professor 2, 

G, Coker and his former student, Dr. Chakko (3), to aolve the problem 

of gen: 

  

* stresses, They studied isoclinies, stress trajectories and the 

boundary stress of 8 gear tooth, They peinted out thet « great varla+ 

tion in the contact stress exists due to the complicated curved boun~ 

daries, 

In 1926, Timoshenke and Band () investigated the stress concen 

tration ab the Pillletse of gear teeth by the phoboelasbie methed and 

discussed the local strese ab the surface of contact of iwo teeth in 

mesh by using the Hera Theory, Thay suggested the correction factors 

to modify the Lewis Forms and also proved theb the caleulabed de- 

flection of gear tasth is usually lesa than the inaccuracies inherent 

in the manufacture of gears. 

In 1929, Baud and Peterson (5) made an investigation to compute 

snilytically the load distribution among teeth in contact and te deter



= Sun 

nine by photoelasticity some general stress relations for gears 4h 

ee ae of teeth carrying the load varies. They concluded 

thes inoreasing the contact rable preduces more favorable load and 

sires cycles. 
| 

Pa Hy Madk (6) nade a photoelastic investigation in 1936. He 

determined the stress concentration factors for spur gear teeth of 

Brown and Sharpe Form and the stresses around thé keywey of the same 

gear blank. 

Ta 1942, Dolan and Broghaner (7) conducted an extensive photo- 

elastic study In which 105 Eekelite madele, each of a single booth, 

were made with different sizes, pressure angles, and fillet radii. 

These models were tested at different joading positions. The purposes 

were to determine a sel of stress concentration factors and te etudy 

the relative effect when one of the variables changed. 

in addition to the boundary stress, Dr. E, D. Harrison investi~ 

gated the aubesurlace stress of 4 a0degres FulleDepth Tnvolute gear 

tooth by using the phoboelastie method. Bis work was for his doctorate 

  

thesis which was approved by the Purdue University in 1952.



  

The object of this investigation is to determine the stress dis- 

in a d=Pitch, 1é-Tooth, lgeDegreé Comp 

  

tribution osite Spur Gear Tooth, 

    

undery and subsurface stregses wore studied, 

  

in dolng so, such results as the mexiswm stresses and sbress con 

centration factor were alao obbained. 

  

the stabe of stress in a gear tooth is usually considered ag 

  

twondimensional. Tf expressed In Cartesian coprdinates with the body 

force neglected, the two dimensional plane stresses mist simultaneously 

satlefys | 

ae he Se Drs Deans 

“pet ey tS 
bo, The Gompetabiiity Bomahiont 

        

a. The Boundary Condi tions | | 

X 226, + mTxy 3 Ye m6; +hby 

To obtain a solution of a two dimensional problemy the ¢ommon pyo~ 

eedure is to introduce the Aimy function J such that



6 = 2 3 64 = 2. 3 y= ea 

oy? ax? axoy 

which evidentiy wil. sabisly bhe Equi Li brdum Equations, Substituting 

  

ante the Compatibility Equation gives 

® 4 a a a 
+ ht “oy FF ° 

Thus the problem is simply reduced to finding a solwbion of this 

equation subject to the bound ary conditions, Unfortunately since the 

  

complicated boundary of @ gear tooth is composed of straight lines and 

trochoidal and involute curves, it is too difficult, though not abso~ 

  

mposealble, to find auch a solution analytically, | 

  

The equilibrium equation, 

OK, 

3 

  

if written in difference form, will become | 

“A x Ay 

henee ( 6, en = (Co Joa — ( Aas) a x 

where Txy and consequently ATxy van be determined chotoslastielally 

by the relation: 

  

The stress pattern and isoclinies respectively provide the value of 

(pq ) and 9 involved, 
a 

At the free boundary one of the prineipsl stresses, ( p or q ) 

vanishes, and therefore the initial value of (0% Jo can be obtained



either by using Mohr's clirele op from the relation: 

  

where (pq) =p or gd, 38 is also known. In this inivest bigabion, this 

relation was used. | 

fhug the Difference Equetdon may be completely solved, rough by 

the same procedures we Gar find the dorresponding 6 Ors a much eacler 

way 1s to. calculate by the sguaiLont 

  

  

Sy= ont Tab Tog? 

Since the gum of bhe normal stresaes on beo mmituall LY Perpendi.cum 

lar planes ie constant, i.e. - 

P+a = Ox + Oy = Constant 

and since the stress pabtera furnishes the value of (a), we find p 

and q a5 goon as 0), and Cy for the game point are known. 

    

Figure dh shows the vomsnries enclos ng, the investigated 

ares, where the bending stress 25 are moat eritical. 

Along the etradeth boundaries BF Oh, “ES, HB, She stresses, 

Os. and Sys p and q ean be evaluated: by the Shear difference Method 

a8 outlined above. Along the curved boundarles, EG, TH, the stress 

pattern ylelds directly the values of p and Le 

Of course the Shear Miference ethod can be carried through to 

evaluate the ebresses ab every point inside the entire region to be 

investigated, However an alternative method aa deserihed below can 

a1L8G be used,
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As mentioned above, ab every point of the region, the photo« | 

elastic stress pattern ylelds directly the value of (peg), while the 

gum of p and q for that point is ‘constant 3 Lede 

P+ Q = Oy + Sy & Constant = UGx,y) 

Hence as long as the function Utx,y) can be determined, it will 

be easy to find the separate value for p and q, or Oj and oy and then 

our problem is solved, (note that p, 4, oj and oy all, are funeblons of 

xandy ). | | | | 

To determine U(x,y), we rewrite the Compatibility equation: 

  

whieh is a Laplace's Equation in two dimensions. 

4 solution of Laplace's Equation is a Harmonie Function, The 

  

fundamental, property of a harmonic function is formated in Diri~ 

‘ohiet's theorem (gee Frocht's vhobodlasticity Vol.I, p. 236 or books 

dealing with the Potential Theory) which states: | 

# Por a given boundary P enclosing a region R to which the func« 

tien applies, and for a specified boundary value on TP, there exists 

only one solution af Loplacets equation for all points ingide that re~ 

sion," | | | 

This mearis, in our eane, that the sum of the principal stresses 

U is uniquely detercined at every point within the region being in= 

vestigated provided the boundary stresses are known, 

Quy problem now reduces to a boundary value problem, 4 rigorous



he 

mathematica] solution of the Laplacets Equation is possible only in - 

gases where the boundaries are relatively simple, When the boundaries 

are complicated aa in this casa, it is difficult, Lf not absolutely, 

to find en analytical sclution, However seme nemerical methoda of 

solution have been developed which axe sufficiently accurate for prace 

bieal purposes, 

  

A numerleal solution Uy (2,5) of Laplace's equation at an 

arbitrary point 0 of the region R to which the function U (x,y) applies 

mast satisfy the Four-Point Influence Equation (see Frecht's Photo- 

| 9 or Quarterly Applied Mathematics : Vil. Il, 

  

elasticity Vol, 1, p,28 

duly, 1944)3 

    

_ where U,, Uys Ugs Ug are the value of the harwonie function 

four neighboring points A(a,0), B(O,b), Gl-e,0), and D(0,«d). 

In the case of an equally spaced network, the four point equation 

veduces to the Lisbmann formula: | 

Mig = Ug + Uy + Ug + Ug 

The process of harmonization or adjustment to make the value of 

a harmonic function agree with the Four-Polnt. equation at each point, 

as used in this investigation, is the Therabive Process, This is due 

to Dry Frocht's suggesbion( (see his Photoelasticity Vol, It, p.286). 

fhe smaller the increment of network and the more times the ite 

vation, the more accurate the result, In this investigation, incre~



“Lie 

ment of G,045 inch wee used, Twelve iterations were performed, 

    

The group of experiments for this investigation was conducted 

  

ab the Photoelasticity Laboratory of the Applied Hechanies Department , 

Virginia Polytechnic institute, The apparatus need is shown in Figure 2 

through 3 inclusives 1b conslete main] 

  

y of a standard polariscape, a 

loading machine and accessories mounted on a lathe bed, 

Each part is labelled in the respective fg 

  

ire. The deseription 

for their functions as can be found in most related bocks (for example, 

Frocht's Fhotoelasticity Vol, I) is not given in this thesis, 

The gear loader was originally made by Prof, Hy L. Woeds except 

  

for a few parts which were later : 

tion. 

2» Ihe Mode). 

nade especlally for this invesbiga- 

The making of a model, Ls the most important step in any 

photoelastic experiment, The main difficulties usually encounhered are 

to keep the model free from initial machining strese and tine edge 

effect, | 

Duriig this investigation, repeated failures occured in this step, 

Golumbla “esin «39 was first used to make the model, but there eluays 

revealed more or less some initial stress around the edge in cases | 

either by hand filing or by machining with a commercial gear form cubber. 

A pisee of Catalin Cast Hesin 61-893 (formerly known as Bakelite 
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BY-61-093 was later obtained. However an initial stress sidil revealed 

down the fillete 6f the booth even when carefully machined with abun- 

dans coolant. Finally a satisfactory model completely free of stress 

wae made by Piling three teeth on opposite sides as shown in Fig, 4. 

Tte thickness is 0.279 inch, 

ne £4. hho     ¢ the model was clamped between two herd maple gears 

whieh served as templates, these two wood gears were originally out 

by a form cubber on a milling machine. 

or course templates, if made fran steel, hardened and ground efter 

ie 

ing, wlll help one get a more accurate model, bub this requires 

  

   nachna 

specialise
d 

machines + whlch are tnevailabl
e 

on this campug and also re« 

guives high techndoue of gear making. 

The shows experience should not be interpreted
 as meaning these 

2, # 
nateriale are not machinable, The machining stress depends upon seve~    

ral facters such ag the avellable equipment, the cubiing speed and 

depthy and the boundax ry shape of the model, Usually the more rigid and 

accurate the machine, the sharper the cubter, the emaller the cutting 

depth, he slower the cuthing speed, the simpler the boundary shape, 

the less the machining strese will be. 

Agcording bo the experience obtained during this investigation, 

the generation of heat is much more detrimental to Columbia Resin- 

39 then it ie to Catalin Gast Resin 61-093. 

the profile of the filled test tooth was compared with thet of 

the machined tooth shown in Fig, 32. Both profiles were magnified under



the same setup. The amall difference between them is negligible. 

fo diminish the time effect, the gear model was always stored 

in @ glass dessicator as soon as it was not in use, The deseleator 
% * 

wie acid as the d ing agent. Pragtivel Ly 

  

eontained consentrabed sulf 

  

i, & 

  

no time effect was found during this investigation though 16 was some« 

times Left in the air for 5 or 6 hours. 

  

Before the test starting, all of the components of the polariscope 

and aceesserles were properly aligned along a common axle; the light 

8 

  

wee, lens, and camera for photographing or sereen for sketching were 

weld, Located and Lecused so that a sharp-edged Image appeared over the 

ground glass of the camera or over the sereen. Clamp screws were then 

tightly fastened to the components in position. 

The gear model was clamped between two dises so a6 to prevent ib 

from any lateral twisting. The loading mechaniem is shown in Fig. 4. 

    dial. gage of the loading mechaniom rendered a direct reading of 

the Load, | 

The Loading point was so determined that at a certain instant only 

  

tooth carried the full load, i.e, just after he puevious 

tooth Leaving contact and before the nexh tooth comine inte conbach 

(see Figs 5) The teeth of the nedel, and rack were oiled with a light 

iubrteant to reduce the fmietion before they were brought into posd~ 

GLO 

<a thet 

  

Dee to poor fitbing of the leading machine, 1b was fou



«Ble 

  
(1) Model (2) Rack 

(3) Gear Loader (4) Dial Gage 

Fig. 4— Loading of Model.



mca 

R 
Ta 

  

  
The loading point, A, was so determined that 

at a certain instant only one single tooth carried 

the full load, i.¢. just before the previous tooth 

leaving contact. 

Fig. & — Determination of the Loading point 
oa



  
Fig. 6 + Fringe Pattern (Light Field)



    
4 5 Dat on om Brey & A ¥ 5 eo ‘ Pige 7 - Fringe Pattern (Dark Field)



when the load was being applied, the rack twieted slightly. This 

twisting action caused the load not to be uniformly distributed across 

the face of tooth and consequently some discontinuous fringes appeared 

on the fringe pietures. This defeet however was later corrected, 

iwo fringe pletures were taken with a dark field and a light field 

reapectively. Firet Streobolume Flash light was used, the pictures ob« 

tained appeared a little vague, but the mercury lamp light later gave 

  

better piebures as shown in Figures 6 and 7 on whith the computation 

for this investigation is based, The flim used thoroughowl this ine 

vestigation wes the Kedak Contrast Process Ortho... The exposure tine 

wes 1 second. | 

Tsoclinica (see Pig.8) were directly sketched against a glass 

sereen with quarber wave plates removed and with white light in place 

of mereury vapor light. The setup for this purpose is illustrated in 

Page 3s a | 

_ As mentioned above, when the rack dlightly twisted, part of the 

iso¢linics was teo faint to be visible. Bub once it was corrected, the 

isoclinies appeared very clear, In addition to direct sketching, iso- 

clinics were also photographed for the purpose of further correction 

as showi in Figures 33 and 34. In these piebures only the curves that 

change with different parameters are the isocLinics. 

A Load of 55 lbs, as read from the dial gage was applied during 

photographing and sketching, Generally isoclinics are independent of 

load only if they appear very clear for every parameter, Bub in this 

  

dase, due to the bending deflection of the tooth, the loading point



“26m 

changes when a greater lead is applied, Hence the same loading condi~ 

tion was maintained for both ceases,



 
 

 
 

 
 

 
 

 
 
 
 

  
 
 
 
 

  
Fig. & ~ Isoclinics 

 
 

 



VII. DISCUSSION OF       RESULTS 

i. Subssurfigce Stresses 

The nomerles] values of the principal stresses p and q are 

given in Fig. 29. These values are also presented graphically in 

  

witich 26 wes learned that the ori 

  

Figures 16 and LL from neipal stresses 

decrease very vepidly below the surface of the tooth. for instance, the 

values of p along the section AA (see Fig. 10) decrease from 2,925 psi 

(a & 9) to 975 pel (n = 3) measured 0,061 inch below the surface, 2 

decrease of 66.7 per cenb, Ib was alee noted in Figures 10 and 11 that 

the (pq) curves along the same Line AA are fairly close to that of p 

and q. For praetieal purposes, the (p-q) curves may be taken as an 

approximation of p and q without any appreciable difference. ‘Thus the 
i 

ealenlation work involved may be avoided. 

as 

  

The surface stresses near the fillets of the tooth are shown 

graphivelly in Fig. 9 which indicates thet the surface stresses change 

eonsiderably from points near the pitch Line to the fillets. This fact 

implies that the gear stresses do not follow Lewis! forma. tn other 

words, thig implies the existence of stress concentration. 

  

A faetor of stress concentration was worked out by coxparing 

the tensile stress determined phoboelestically with that obbained from 

Lowle! formile, The point under consideration was determined grephieall : aay



al 

according to the Lewis method as shown in Fig. 31. Thus the secbion AA 

was chosen as the critical section, The stress concentration factor 

was finally caleulated to be 1,68.



~30~ 

  

  

  

        Fig. 9 - Surface Stresses 
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Fig. 10 — p Stress Contours 
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Section A-A4 

  
  

Fig. 11 - q Stress Contours 

  

  

 



  

As pointed ook in the "Discussion of Results", the sub-surface 

  

giresges in a gear tooth decrease very tapidly with ite depth. This 

result: serves as a supporting evidence to the common practice of cage» 

hardening the gear teeth. Previously thid was done according to the 

mechanical properties of the gear maberials, bit wlthout any anslybi+ 

‘cal basis. 

Gear stress is a very complicated problem which includes in fo~ 

nerel the static, dynemie and fabigue stresses, Most of all, many tte 

certainties in services such as the impach load, acceleration load and 

work hardening are involved. These uncertainties make it diffieult to 

get @ general solution, 

The photoelastic method is an effective one. for making a etatie 

study of gear stress, bit it is understeod that this mebhed can not 

  

sdivé the whole problem. Since if the static stresses are considered, 

further studies covering the notch sensitivity, friction effect, dy- 

namie effect, and load distribution are still needed.



  

For the convenience of counting the fringe order ab a point 
within the region being investigated, the stress patterns were super+ 

posed on a single drawing as shown in Fig, 12. 
The first step in the sample calculation wes to determine the 

coordinates. Those chosen for this investigation are show in Fig, 13. | the sign of the shearing strese T,, wae taken as positive if the 

sheay diagons] passeg through the first quadrant as referred to the 
coordinate system chosen for that particuler boundary, This is shown in 

Figures 14 and 15, : 
The relative magnitule of 6; and 6, ab & point Was also deter- 

mined graphically. The maximum principal stress makes an angle Less 
than 45 degrees with greater normal stress. In the diagram appear~ 
ing in Figures 16 and 17, Gy Ty, and the normal stress on the other <9 

two sides of the element were onltted for the sake of clearness. 

the remaining step for evaluating the boundary velues of 0,46; 

= pto follow the brief deseription in “Method of Approach". Figures — 

48 through 29 and Tables 1 through 19 inclusive show the daba and ree 

sults obbained, | | 

Finally the harmonization of the (p4q) values was carried through 

welve iterablons until the change was less than 0,03 fringes. The 

initial values fer an inside point may be taken arbitrarily, 4a this
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investigation, the initial values were obtained by linear interpolation 

in x~ and y-direction and these two values averaged. — 

To obtain the value of (p-q) for every grid point of intersec~ 
tion, euxves were first plotted in Mig, 28 from which the values of 

Calibration fer determining the fringe constant was made with a 

Sension bare This is discussed in the appendix, The calibration curve 

was plotted in Pig. 30. the material fringe value obtained is 91. 6 

Lb. /in./tringe 
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Calibration for determining the mterial fringe constant was 

made with a tension bar, 0.45 inch wide, 0.279 inch thick and 5 inch 

i] long. This bar was carefully machined on a bench mills      ig mechine, 

adjustaient for central loading wag made so that the fringe appeared 

symmetrically fran both sides of the central line of the specimen, 

fue to the presence of the initial edge stress, the calibration 

curve as shown in Pie. 30 does not pass through the origin. This, how 

ever, wlll. not have an appreciable effect on the value of the fringe 

constant. 

the materlel fringe constant, f, was obtained from the equation 

{eee Handbook of Experimental Stress Analysis by M, Hetenyl, p». 867, 

John Wiley & Sona, 1950): 

nee 

  

A ae 

where P®@ The applied loed, lb. 

b The width of specimen, in. 

n S The fringe order 

From the data in Pig. 30, 

? 3 fie ae 2 91.6 1b. fin. /fringe 

Compared to the common average value of the fringe congbant 

(86 ib. /in. /fringe) for this Hind of materiel, the value of Pf obtained 

here 4s a little higher.
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Fig. 30 ~ Calibration for Fringe Constant 

   



  

  

Load Line 

  

  

  

  

—
 

  

        VY oieNl 
te 

1 Extend the load line until it intersects the 
center line of the tooth at 0, 

2 Through O draw OC perpendicular to the center 
line of the tooth. 

3 By means of a scale which is kept tangent to 
the tooth profile near the fillet, draw a line 
such that AC = BC. Then section AA is the cri- 
tical section, 

4 By measuring, h ="2.7 inch, = 1.55 inch. 
On actual gear, h= 0.412", = 0.237" (divided 
by the magnification 6.54) . 

Fig. 31 ~ Determination of the Critical 
Section for Lewis! Formula | 

  
 



    

where 6 = Tensile stress ab the eriticeal section as obbained Tro: 

phoboelastic stress patberi, 

  

G= Tensile ctress at the critical secbion as calewlated from 

  

lewis! formals. 

  

| Bensile Stress 6. | 

  

where § & Thickness of the geax model © 0.279 inch. 

f= The fringe constant = 91.2 Ls. /jinch/fringe., 

ns The fringe order = 8,5 Dringes. 

   choi EE nation 2377665 ped. 

0.219 

  

De 

G= 
Fron fig, 3, 9 P S 58 lbs. 

| = 0.237 inch. 

bh = 0,412 inch. 

b = 0.279 inch = Thickness of the model. 

henee # 1,650 ped 

  

  

 



  

  

  
     
    

Machined Profile 

Filed Profile 

    

  

Fig. 32 ~ Comparison of the Profiles 

of teeth made by filing 

and by machining 
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