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With continued inerease in the loading and peripheral speed of
gears, the gr@biag of the strength of gear teeth, whiaﬁ has go far
nob been successfully solved begomes more luportant and the necessity |
of o deeper study of the stress distribution for this case becomes
more imperative. _ |

Yo prevent bresking and excessive weer, o satisfactory gesr tooth
must possess a hard surface snd o tough core. Hardness of certain me-
tals, such as %ﬁa@;; is proportional o its tensile strength éi}g boughe
ness Will, on the contrary, be sacrificed with an ineresse in ﬁaﬁﬁm@s@@
??Qpﬁ?-éﬁ%%ﬁmiﬁﬁ%iﬁﬂ of these matuglly sffected factors requires the
knowledge of stress ﬁi#ﬁfiﬁﬁ%i@ﬁ»%ﬁ points on the boundardes of & gesy
booth as well &$ §@£ﬁﬁ$.wi%hiﬁ i§w im$ﬁwim@;@agiama e

Stresses d@vai@géﬁ:iﬁ the gear %%ﬁ%& are considered as plane
 @$$&$&$&& Pue to the &mﬁ@%ﬁ@ﬁ%@d~ﬁ?&ﬂﬁ&t&-ﬂﬁﬁdﬁ%ﬁﬁﬁﬁg»& rigorous mpthe-
matical selution fﬁ?’ﬁh&&vgiﬁnﬁ’ﬁﬁﬁﬁﬁg problem is very diffioult,
though not absolutely impossible, ﬁ@m&vwr‘garﬁaiﬁ experimental mebhods
bogether with ﬁ@&ﬁvﬁﬁmﬁfiﬁﬁlr%ﬁ@?ﬁﬁiﬁ@ﬁiﬁﬁﬁ for solving the equilibrium
equations and bhe compabibility equation have been developed which will
enable us to approach the ‘p@é&fkﬁﬁz‘ﬁ with sufficient sccuracy for all g::{*éﬁ.:3+
tlesl purposes. |

hs will be seen later, the ﬁhﬁ%éﬁi&ﬂ%&@ mebhod, the shesr differ-
ence method and the numerdecal iberation prosess for solving the La-

placets Eguation are used in this investigation.

R . L
Humbers in parenthes®s refer to refs references in the biblicgraphy,
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H#ilfred lewls, a ploneer in gear strength gwaﬁi@mg first inbro-
duoed his famous Bean Strength f@rmala iﬁ‘iﬁﬁﬁ.gg}ﬁ He considered a
gear toobh as a cantilever beamy tut he overlooked %ha factor of sitress
eoncantrabion aﬁﬁxﬁha'ﬁaﬁtﬁw.@f*gurfmgﬁ.fgﬁigma,,?ha&éffaeﬁaxﬁ are of
grest lmportance to this problem, His foruula, though widely used over
the past 60 years, aaﬁaawlg is nob corrvech. The reason that it s%ii%
given s&%iﬁfaat@ry'fﬁﬁul%g in some tnses is simply due to the use of
larpe ﬁ&fﬁtj fﬁﬁ%@?ﬁ; \

- Xn 1922 - 1923, the phi%@aLmaﬁma method was used by Professor B

G, Cﬁﬁa@ and his former shudent, Tr. &ﬁﬁkk& {3) to golve the pr@%iﬁm
of gear stresses. ?hﬁy'ﬁﬁﬁﬁiﬁﬁuiﬁﬁﬁlin&ﬂﬁg stress btrejectordes and the
boundary stress of & gear Looth. They pointed out thet a grest varies
tion in @ﬁ&vﬂﬂﬁﬁaﬂﬁ stress exists due %o the compliceted curved boun-
daries, | S |

 dn 1926, T&mﬁshémkﬁAaaﬁ Bana (&) iﬁ%@gﬁigaiéﬁ the sbress concenw
tration ab the Fillets of gear beeth by bhe @%@%aaiaﬁﬁia nothod and
discupsed the local stress ab the surface of gontact of bwo teeth in
mesh by uveing the Herz ﬁh@ﬁrw. Thay ﬁ&gg&%b&ﬁ the ﬁﬂrr@aﬁiaﬁ factors
%o modify the Lewis Formuls and alse proved that the celoulabed dem
fiéahiﬁa ﬁi.@ﬁ&f %ﬁgth i@ msuﬁliy less then the inaccouracies inherent

in %h&’ﬁﬁﬂif&ﬂﬁﬂﬁﬁ of gears.

In 1929, Baud and pelerson iﬁ) made an iﬂﬁ%ﬁb&y&tﬁoﬁ to compute
analytically the load distribution smong teeth in contaet and to debers



-9

mine by photoelasticity some genersl stress relations for gears in
which the nusber of %@ét?;z carrylong the load varies. They concluded
*‘aﬁ%mﬁr&wm the gonbach ratie produces more favorable losd and
stress cycles. ' |

Py He Black (&) made @ photoelastic investigetion in 1936, He
&@mmaé the stress concenbration ﬁmmmf fop smr gear teeth of
Brown and Bherpe Form and the siresses sround the &ﬂy%;f of the same
gear blank. . | |
- In 1942, Dolan and Broghomer ‘W} conducted an sxtensive photo-
;;n}_%gm study in which 105 ﬁa&miﬁ%&z models, each of a single tooth,
were made with differend sizes; pressure angles, end fillet redii.
These models waﬁ tested at different loading positions. The purposes
were to determine a seb of stress f;;mawﬁ;m%ﬁ;mvfg{:mgﬁs and to study
the relative effect vhen one of the vardables changed.

In addition to the houndary stress, Dr. B, D. Harrison investi-
gated the sub-surface stress of a W-degree Full-Depth Involute gear

tooth by using the photoslastic method. His work wes for his doctovste

thesls which was approved by the Purdue University in 1952.



e the sbress dis-

Tooth.

The object of %:.%am :imw.%;igmmﬂ is to determi

%’rﬁmmm i s aé,-?iwhﬁ l.é-u‘i’m%h, %gw%ﬁfﬁ@ i?mn@miiza %@ﬁ:ﬁ” ey
Both the boundary and subsurfsce stresses were studied.

Tn dolng so, such resulbs ss the meximun stresses and sbress cone

- aenbretion factor were algo obbained.

The stabe of stress in a gesr booth is usually considered as

tmo-dimensional. If ex inates with the body

sressed in Gartesian copr

foree neglocted, the two dﬁa@a@iﬂmi plane stresses misb simolteneously

sabiafys

28

36'*3:
BK

be The Compatibility Eqmmma

¢, The Boundary Conditions

X 506y +nTyy § E“m‘%*'@rﬁy

To obtain a solubtion of a twe dimensional problem, the common pyo-

cedure is to introduce the Adry function ¢ such that



.azf ‘ - 32’ ¥ . .m0y
=—3F a3t w3k

which evidently will aamafy the ﬂqaﬁibr«ium L@&&ﬁims. Substituting

inte the ﬁm;pauimlit»y Houation gives

i .
? d »
R - I

Thus the problem is .am&:ly roduced Lo finding & aamm;im of Lhisg
squabion suhgwk, to ‘the boundary conditions., Unfortunastely since the
-émgamﬁa‘kﬁaé boundery of a gear tooth is gomposed of straight Einas, and
trocholdzl and involute curves, it is too difficult, though not sbso
lutely impossible; to find such a solubieon analybically.

2. The Shear Difference Hethod

The @@uilﬁmium eq&a;ﬁﬁ.m ¥

ac‘x 3Txy .

if written in difference form, will

! Afx
W.Ax

hence (% da o= (O dna o ( Wu?gi)ax
where Ty and ammeqtmmﬂy ATxy san be deternined phea%%laatiﬁaﬂly
by the mla%:&mz

The stress patbern and ismmm respectively provide bhe value of
(p=q)and & involved, -

A the free boundery one of the pwin@ipal sw@sﬁas, {(peorg }
vanishes, and therefore the initial value of ( 0y Jo can be obtalned



gither by using Hohrts clrele op fyonm the relation:

where (pmcg} = poor g, % is éa,im kmovn, In m:w invest ig&%wﬁ? this
m&@i@ﬁ way &Sﬁﬁ.

Thios the E}iffémm B ﬁ’szm ney be mzz%gmwly ss@lvad. ‘mmgh by

’Shﬁ“‘i gmm ﬁ?ﬁ“%ﬁ’ﬁtﬁ%g G w‘m fﬁmﬁi ti“za awm&xymﬁipw , 4 muich essgier

5"’
wa,;; is o &ﬁl&%&iﬁm’t‘ﬁ? %:»y ﬁha mﬁim*

. fy= Ozt / }2“ &ng .

ines the sww of iﬁm m’ mnl sbresses on buo m%&l&r g}wpami&mw
im planes is constant, 1.8, G
| pta = 5'.*,5,c +0y = Constant

and since ‘a**xee gﬁma@ %ﬁ%e@m —— shes the value a:ﬁ‘ (}, we find p

and g a5 soon as 0';?4; and @y Lor the sasme point ave known,

F‘&mw 3, shons ‘the mmwws ﬂzamimf-r;, ’?%}éi’fﬁ’fﬁfﬁ%i@ﬂ%ﬁﬂ

ares where the bending a"w@ama are most ﬁrﬁmam.
é’zlﬁmw %ﬁm Jtit"ﬁigﬁ{z : %ﬁmﬁm “iem ;“?ﬁi i?m 5 T, %, sz sﬁ?&éﬁ' 3

6 :mi 0ye P 803 g can be w:ﬁ.mtmi “*;g.r %?:*efs aﬁ@m& Mf@rmﬂ% Hethod

ag oublined vamm%ﬁ’f&_. Along the o

'~.$&_~:§;ﬁgg§w§m3 EGy FH, the stress
patbern yields dirvectly the values of o3 m:i s

v 0f course the Shear Difference Method can be carried bhrough o
evaluate the stresses ab every polnt inside fhe entire reglon to be
investiguted. E%Lqm;ezra% an albernsbive method as desoribed below can

slao be usad,
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s m&nﬁm@e& a%:we s ab every point of the mgian, the photo= |
elastic stress patbern yields dimatly -bhe value of {p=ay) » while the
gum of p and g for that polnd is @ﬁm‘i}mﬁa, 10e

P + 4 = 6x + 0y = Constant 2 E(x,;;r}
Henee as long as the function U(x,y) cen be determined, it will
be easy to find the sepurate value i’ax« p and g, or 6y and 0y and then
our problem is solved, (m}tﬁa that p, q, 63 and 0 :»313. are functions of
aﬂé ¥ }e
To determine Hﬁxsy} s We peurite the Gm;m*!gi@ili‘w equations

which 1s a Laplace's Bquation ixa two dimensions.

A solutien ef Laplece's Hquatlon ls o Harmonie ?mmmﬁm The
fundamental property of a hermonic function is formulabed in Dirie
“ghleb's theorem (see {Z?”*‘mamw Phoboelasticity Vol.I, p. 2368 or books

ing with the Potential Theory) which stabes:

® For a given boundspry T enclosing a region R to @éhi@i:a the Lunce
Bien ap;élias, and for & specified boundary value on T, there exlsts
only one éﬁl&iﬁ«i@ﬁ af Laplacets eguation for all ps:ainﬁv&% inside that ve-
glon.® | .

This meaﬂé, in our cza%a.; }tha% the sum of the principal stresses
U is noiguely detersined &t every point within the vogion belng ine
vestigated provided the boundary stresses sre lmown,

Aerous

Ouy problem how reduces bo a boundary value problem, A vi



e

mathematicel solution of the Laplacels _&g!m%mﬁ is possible only in
cases whers the boundaries ave relatively simple. Vhen the boundaries
are complicated as in this case, it is difficult, if not absolutely,
to find an analytical sclubion, Howsver some numerical methods of
m}.uméxz have been developed whmh are sufficiently accurabe for prace

tieal purposes.

5. Humerdes) Solution of .iisaﬁé:aaﬁian | |

A m&ﬁm& m}mmm %{éﬁ,y} of Laplace's -@mﬁi&n at an
erbitrary point O of the region R %o which the function U{x,y) applies
must sabiafy the Four-Foint Influence Equation (see Frocht's %@@%
elasticity Vol. II, p,289 or Querterly Applied Wathematics, Vil. ia;f;
July, 1944)3 ‘

where ﬁaw Ups Ugs Uy sre the value of bhe haraonle f.‘mm%ﬁ. Ulx,y) at
four neighboring points 4(a,0), B(O,b), G(«e;0); and D(0,~a).

In the case of an a@m&’my spaced networks the four point equation
reduces Lo the Liebmann i‘ﬂm;};a% |

g = Up + Uy 4 U + Uy

The process of harmonization or aic:%;;n&ismmiﬁ 'gw make the value of
& hammonlc function agree with the FourePolnt equation at aach polnt,
as used in _ii%fzia '5&%@&%&@&%&9&% ig the iifa&‘zjf@.%i#e Frocess. ‘Tﬁi&léa due
to Dre Frocht's mggwiéim{ {see his Photoelasticity Vol. II s p.'..zé%é%};

The smaller the increment of mwmﬁk and the more times the ite-

ration; the more accurate the result. In this investigation, incre-



b

ment of 0045 inch was used, Twelve iberablons were performed.

€. The Appsrotus end lode]

The group of experiments for this iﬁveﬁﬁigzam was conducked
ab the 3?’2&&:%@%3,&@%&&? Laboratory of the Applied Hechanics Depuriment,
Virginta Polytechnic Xﬁm:?imw. The apparatus ms%:i is shown in Figure 2
through 3 inclusives I consiste

y of a stendard polariscope, a
losding machine and accessordes mounted on & lathe bed,

Bach part s lebelled in the vespective figure. The description
for their functions as can be found in most relabed ‘gm@gé Yy
Frochit's Photoelasticity Vol, I} is not given in this thesis, |

The gear loader was originally made by Prof. H. L, Toods except
for o few parts which were later made especially for this invesbiga~
tion, _
2+ Ihe Wodel - |
- The maklng of & model 18 the most Lportant step in any
photoslastic experinant, The main ﬁii‘fﬁﬁﬁiﬁiﬁﬂ ugually encountered are
to keep the model free from initial machining stress and tine edge
sffact. | | | |

Buring this iﬁ%ﬁ%ﬁ’ug&hi@ﬂ; m;aféate@ feilures occured in this top,
Columbila @%@ ~39 was first used to make She model, bub there alweys
revealed move or less some initial stress around the edge in coses

elther by }aaz:zﬁ £iling or E:a},_r suchining with a commercial gear form cubter.

A piece of Catalin Cast Resin 61-693 (formerly known a5 Bakelite
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BT-61~893 was later obtained. However an initial stress still mv%&%&
fimm the fillets of the tooth even when carefully machined with abune
dant coolank, Finally o satisfactory medel completely Lres of streas
wos made by flliﬂ{’%@’% toeth on opposite éi{i@;ﬁ as shoun in Fig, 4.
Its thickness is 0.279 Anch,

Durdng mmmg; the model was clemped ‘Ea%m%n two hard maple gesrs
which served m tesplates, m@& tuo wood gears ‘ﬁem‘ oyiginaily oub
by & form cutber on a milling machine,

of course templates, if mede from stesl, hardened and ground after

dning, will help one gel a more accurate model; bub this requires
speclalived machines which sre unsvailable on this campus and also res

auires high technigue of géar making

The asbeve experdence should nob be interpreted ss meaning these

3

materiales ave not mechinable, The machining stress depends upon seve-

ral factors such as the avallable equipment, the cubbing speed and
depth, and the boundary shepe of the model, Usually the mors rigld
acourate the mechine, the sharper the cubter, the smaller the cubbing

depth, the slower the cubbin

- gpeed, the simpler the boundary shape,
the less the machin |

maax*m&g to the expsrience _@%}‘ﬁawad during this investigation,

the generation of heat is much more debrimentel to Columbia Resin-
39 then it is to Gebelin Osst Resin 61-893.
The gmﬁl&@ of the flled test booth wes compared with thet of

the mschived toobh shown in Fig, 32. Both profiles were magnified under



the same setup, The small difference between them is negligible,
o diminish the bime effect, the gear model was alweys stored
:‘m & glass f‘,&m@immr as soon as it ’ms not in use, The dessicabor

a%isaﬂme& a@mmﬁmﬁaé éml:fm?m aaiiﬁi as the

ving ag@m» Fractically

no tlee effech was ifgmtzﬁ_ during %ﬁ:;a investigation though it was somew

times leofh in the aly for 5 or & hours,

Before bhe best starting, all of the components of the polariscope
and a&%@m&i@gmm properly aligned along a common axis; the light
sourcey lens, and ﬁmm for photographing or screen for sketching were
well locoted &mﬁmﬁﬁ;m that a sharp-edged ﬁ,maga appeared over the
ground glase of the camers or over the gemwg Clamp sevews were then
tightly fastened to the amp&m&@a m pwmﬁ.m. }

The pear m@ﬁm nas &&ma&% %:@%:maﬂ two dises so as to pravent it

from any mwraz tuisting. The .mmiag nechanion is shown in Fig. 4.

The éia‘l page of the loading mechani
'@:.hﬁ 1%&.

The l@aﬁiﬁg point was so ﬁammﬁmﬁ that ot a eﬁrﬁm insbant Gnlg
one &i&g&e mi‘h garried ‘the full :i,.wﬁ, .8, ;;usa% m“t@r the p%ﬁm&

boobh Mmrim aﬁm&ﬁt ‘and Mfe:m the next tooth coming g into conbach

(see Fiz. 5). The teeth @ﬁ‘ izm_maéal and veck were oiled with a light
3&@@#@.@&% to zvae%maa the frietion befors they were brought into posis
Lian. | . }

‘Due to poor f&tmﬁg of the leading machine, it was found that



o2

(1) uodel (2) Raek
(3) Gear Loader (4) Dial Gage

Fig. 4~ Loading of Hodel
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The loading point, A, was so determined that
at a certain instant only one single tooth carried
the full load, i.e. just before the previous tooth

leaving contact.

Fig. 8 « Determination of the Loading point

o)



Fig, 6 - Fringe Pattern (Light Field)
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Fig. 7 - Pringe Pattern (Dark Field)
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when the load was belhy spplied, the rack twisted slightly. This
twisting action ecavsed the load not %o be uniformly distribubed across

the face of toobh and consequently seme discontinuous fringes appeared
on the fringe pictures. This defect however was later corrested,
Two fringe pictures were taken with a derk field and a light £§;aa:£§,
respectively. Flrst Strobolume Flash light was used, the pictures obe
tained appesred a 1istle vague; bub bhe mereury lamp light later gave

., &

batber pictures as shown in Figures 6 and 7 on v
for this investigation is bused, The £ilm used thoroughoub this inw
vestigation wes the Kodek Contrast Process Ortho,. The exposure ime
wes 1 second, | 4 ; ,
Isoclinics (eee m@.s} were directly sketched against a glass
sereen with quarber wa*% plates removed and with white light ia place
of meveury vapor light. The setup for this purpose is illustrated in
- 4s mentioned sbove, when the rack slightly twisted, part of the

isoclinics was too falot to be vislble, But onee it was corrected, the

isoclinies appeared very clear, In faﬁ&iﬁim to direct skebching, lso-
clindecs were also photographed for the purpese of further correction
as shown in Flguves 3:’5 and 3ke In these plobures only the eurves that
change with different paramebsrs are the isoclinics,

& load of 55 lbs. as read from the dial gage was applied during
photographing and sketehing, Generally isoelinies ave independent of
load only if they appear very clear for eveyy parsmster. Iut in this
case, due to the beuding deflection of the booth, the lﬁadﬁ;%g poiat



ehanges when a groaber load is applied. Hence the same loading condi~

tion was mainbained for both cases.






The numerical values of the prineipal stresses p and q ave

glven in Fig. 29. These values are also presenbed graphically in

Figures 10 and 11 from which it was lesrned that the prin

cipal stresses
é@:@e&% very vepidly below the surface of the tooth. For instsnce, the
“Vaﬁéﬁﬁ;ﬁg% of p along the section 44 (see Fig. 10) decrease from 2;%:&5 pei
(1 =9) to 975 psi (n = 3) measured 0,061 inch below the surfude; a
decrease of 66,7 per cenb. Tt was alse noted in Figures 10 and 11 bhat

o curves along the 808 line 44 am f&iri;gr aloge to bhat of p

and ge For practical purposes, the {p-g} curves may be baken as an
swimation of p ond g withoub any apprecisble ﬂaﬁ’f@mw. i’fms the

v’ﬁ&lﬁiﬁﬁﬁiﬁm work invelved may be avolded.

2, Surface ,amﬂg;, -

‘3?%3@ mwfma %mm&% noar the :E’:i,;l.la%sa m&' éa%:aﬁ mm are shown
,gm;;ﬁ:wm&g in Fig, % which indicates %;h&t *:,imz smrmﬁ@z Jﬁmsaes change
wmiﬁe@m%iy from ;m:’mﬁs near the pibeh E.irm %@ the fille&&* This fact
implies ﬁmﬁ i;i & goar mmaﬁsw do mﬁ follow L%iﬁ‘ Formla, m ni;izar

mxwﬁ% thig implies the exishence of fa%smm; congentrabion.

3.

Stress Gencentration Fastor

4 factor of stress congentration wes worked wmb by comparing
the tensile stress determined phoboslestically with that obtained from

Lewie! formule. The poink m&@r conslderation was debermined grephically



2

according to the Lewls method ss shomn in Figs 31, Thus the #a&;ﬁi&ﬁ AL
was chosen as the oritical section, The stress concentration factor
was £inally caleulated o be L.68.
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Fig. 9 - Surface Stresses




P values
/ Jn Fringées

(P-$)

Values

Section A-A

Log.,

Fig. 10 - p Stress Contours




8-Values
Jn Fringes

Section A-4

Fig. 11 - g Stress Gontqurs




As pointed out in the "Discussion of Besulbs®, the subesurface
: : : 3 :

stresses in a gear Looth decresse very rapidly with its depth. This

| result:serves as a supporting evidence to the common practice of casow
h&vdﬁﬂmg the gear beebh, Previously this was done according to the
m@-ﬁsh@ﬁic&i properties of the gear materinls, but withoub any anslybi-
eal basis, |

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

nevsl the statis, dynemie snd febigue sbresses, fiogt of ally many -
ﬁ%mamtgw in service such as the iupach load, scoeleration load end
nbiss make 1t diffieuld to

work hardening sre involved. These unecertal
get & genersl solution,

e vhotoslastic method is an effective one for meking a whatic
study of gear stress, '%:afs:;&*iz it is understood that this method can not
solvé the whole problem. Sincve if the statio stresses are considered;
fazﬁzmﬁr studies covering the nobch e _ﬁsi.%iviﬁgf, friction effechy dy-

nambe effect; and load dlstribubtion are stlll needed.



For the convenience of countlng the fringe order ab a point

within the reglon bein

; investigated, the stress palisrns were super-

posed on a wir g a8 .fssh@m in Fig, 12.

gle dravin

The first step in the seuple calculablon wes to determine the

ordinates, Those chosen for this investigation are shown in Fig, 13.

The sign of the sheaving strese Ty, Wes faken as positive if the

ﬁhm& disgonal passes bhrough the first qﬁ&ﬁﬁ&ﬁﬁ ag .?zséi‘i@xfwd to the

coord note system chosen for that pm:ﬁ‘,m}.&r %mﬁim*y. This iz shown in
?:f,gamﬁ 14 mzd lfi,

The relative m%ﬁi%m@ of o, and 0" at a polnt wes also deterw

i a@ .gmphmrf 13

o The f&%ﬁ%_@??sﬁﬂiﬁ}&l stress makes an angle less

than 45 degress wibh greater normal stress. In bhe dlegran sppeare

Figures 16 and 17, q, Ty, and the normal stress on the other
two sides of the element zmmfmf@ﬁaé for the sake of clearnsss.,

The vemaining

- step for evalusting the boundary values of G0y
""'23‘-!%1 follow the brief description in Method of Approach®. Figures
18 through 29 and Tables 1 through 19 inclusive show the dats and re-
sults obtained. L | ,_

Finelly the h:

2 ﬁﬁiﬁ&%ﬁ;{?ﬂ of the {-Ha} values was carried through
twelve iﬁ@m&z«imﬁ until the change was 1@%&3 than 6',3 i‘z’%»v:-gﬁa« The

initial values for an inside point may be Laken arbitrard]
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investipabion, the iﬁiﬁmi values were mﬁ”ﬁaizw& ’.@y linear interpolation
in %~ and y-direction and these *bm ‘values averaged. | |

- T abﬁm the welue of i’*f%) i'm' every grid point of intersec—
%im, curves were firgt plotted in Fig, 28 from which the values of
{p~q) were taken to czleculate the values appearing in Fig. 29.

'ﬁﬁi&hﬁ'@%@n ‘i--,‘w:r dﬁmmmmg; the fringe constant was made with a

tension bar. This is diseussed in the appendix, The G&ii%ﬁ%&fﬁi@n curve
was plotted in Fig., 30. The materisl fringe velue @bi;aiﬂmi is 9L.6
ib./fin./Eringe.




Fig. 12 -~ Superposed Stress Patt‘ern _
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Galibration for determining the material fringe constant was
nede with & bension bar, o.45 inch wide, 0.279 inch thick and 5 inch
long. This bar wes carefully machined on a bench milling machine,
adjustment for cenbral loading wa¢ made so that the fringe appeared
symmetrically from both sides of the central line of the specimen,

Bus %o the presence of the initlal edge stress, the calibration
carve as shown in Fiz, 30 does nob past through the origlo. This, how.
evor, will not have an appreciable effect on the value of the fringe
ﬂéﬁﬁ%ﬂ&ﬁﬁ_ |

The materdal fringe consbant,'f, wes obtalned from the equation
{3% Handbook of ﬁ&@amﬁfeﬂm? Stpess Analysis by U, Hetenyl, p. 807,

Jﬁhf; Wiley & Sons, 1950):

T b

where P % The spplied load; 1b.
- b= The widbh of spescluen, in.
‘?&m fng@ order

From the data in Fig, _ o .
= 91,6 1b./fin./Sringe

Compared to the cemmon mxszmga velue of i.i;@ fringe consbant
{86 j,b,fm.ffrmw:} for this kind of materisl, the value of T obbained

zmm :3,:3 . Little iﬁg&ze:ﬁw
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Fringe Order

-

Fige. 30 - Calibration for Fringe Constant




Load L

e

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

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,

L By measuring, h =2.7 dnch, = 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




whepe O = Tensile stress ab the cribical section as obbained frem the
phoboslasbic stress pabtera,

6% Tensile stress ab the criticel section as calonlated from

Jewis! formulas

Hoa

Tensile Stress 6 .

vhere & % Thickeess of the gear model = 0,279 inch.

£ = The fringe consbant = 91.2 b./inch/fringe.

n = The fri

A @1‘ = $;§ f?iﬁg@ﬁ;

2 . = 25778.5 psi

i

2 0,279 ingh = Thickness of the model..

&
it

o
i

henes 6= = 1,650 pei

¢. The Copcentration fashor X - o




Machined Profiie

Filed Profile

Fig. 32 - Comparison of the Profiles
of teeth made by filing

and by machining




~79-

seexfe( Of ‘SOTUTTOOST

gOTUTTOOST ~ €€ *IT.

gootde(

ot

‘goTUTToOS8T




80w

gooafeq 0f ‘soTUTIOOST

y

SOTUTTO0ST = %€ I

sealfeq 0l ‘sopurioosy




The auther is deeply indebbed to Dy, B D. Harrdson for his cone
tinued interest and guidance during this investigation,
The author slso wishes o express bis hesrtfelt gratitude and

appregiation b0 Profe Jo By dones for g‘wm the opportunity %o

underbake this investisabtion, to Profe. D, He Pletba, Dan Frederick,
and G. B, Trent for thelr valuable suggestions and corrections, o
Profe He Lo mﬁs for iﬁ.ﬁ gensrous loan of the geerwloading apmz*a‘hm
and to Mr. G, K. HeCavdey for his skillful and unbiring sssistonce

dng the model and phe}&agm@m-



L.

be

Be

G

T

weger; Gw W, "Hechanical Properties of Materlals®, Handbook
of %@ﬁ%‘i@a@ﬂw Stress Analysis, Chapter 1, p. 25, John

vkilﬁfy* & Sons, 1950, .
Lowis, 1 ilii‘md, "iﬂwaﬁmﬁmﬁ of the M:mmﬁ*ﬁka of &ae,w fi?s@i;h“

Prot. ;i-v“ﬁiﬂe@zﬂ & Club of Phlladelphia, l%iﬂfﬁ.

Goleer, E. fé@.,; “Engineering Problems solved by Photoelastic He
thods™, Jow

mal Q&‘ the Frankiin ifm%zi%:ﬂ%g 1923,

Timoghenko, ;;S, and :i%me%s He Yoy “ﬁ?&@ &ew@ma}z ga. tieaxy %&@ﬁh‘f

 Hechanleal Ungineeriag, sm. A8, p. 1,105, éimr,& 1926,
Band; He Ve and Peterson, . ., "Load and Stress emw in
Gear %@%ﬁk" » Hechanleal Engineering, Vel. 51, p. 653, 1929,
Blagk, Ps Hey "an Investigablon of ﬁieﬂiaﬁiwﬁa; Jtresses in Solid
Spur Gears by the Photoslastic Hebhod", University of Illi-
nois &@iﬁ%ﬁﬁg Boep @g«i&@@ﬂﬁ%ﬁtaﬁ;ﬁ;ﬁm, Ballebin Ho, 2883 Dec. s
1936,
Dolan, T, &, and E@a@h&mm Be Toep "4 Fhﬁ::m&l&ﬁft&ﬂ Btudy of Stresses

in Gesy Toobh m&mmw University of I3inois Bngineevring
;‘b@@:@mﬁ Shation, Pulletin Ho. 335, 3.%,;&,
Harrison, . D.; "The Separation of the ;%??imigmi; Shresses at the

Base of a Gesr Tosbh!, %Mm Theals s losa,



The aubhor wes born on Nov. 9, 1924 in Anbwei, China, He was

graduabed frm the Hatdonal f}‘i&h High Behool, i?ms’mmﬁg Ching 4n

1942, He received the B. §. degres from the Ordaance Engineering

Gollege, Chungking; China in 1947. Bince that time, he ‘mx«é&m% in
Chinese arsenals unbil he came o the United Stabes in 1953, e is

now engaged io graduste study in the Mechanical Bagineeving Departe-

ment of the Virginia Polybechale Institute, Blacksburg, Virginia.

. c. W@«wz&?



