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01,, : n of Ropet: 

On April  1fth„ 1943 e  two 	dïj.Yentlal geer 

front  a bçfffil«A.-1pc o  full-t:cack .S;r1effi.obîlo wore9 in:emitted 

for f,:zamination o  Th* rquoiA orgIn4De 1"t o* er„ W. J c, 

Washburn, t4tirr ongineDer of the Mhauïcal T7;-anspç,rt Vehicia 

Ç1:1as 
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EllanEtion  of Gears: 

Figure 1 shows the gears as  received. They art 

about 2-1 inches  in  diameter  and  about 7/8 inch thick. 

A  considerable number  of  teeth ara broken away. 

Ural..1Ëe  1 . 

sen GEARS AS RECEIVED. 
#1 is vertical; 
#2  is  horizontal. 

Me. 

Uicrostructure:  

Figure 2  shows the structure typical of  both gearb. 

This  structure is usually produced by quenchinz  and drawing 

and  is alied "sorbItic n o  There are  traces of free  ferrite 

(white  patches) 0  Indic Ltin 1,-6  that quenching WEL3 not quite 

rapid enough °  Free ferrite  lowers  fatigue and impact strength° 

Ele£1.1. 

X10000  nital  etch. 
SORBITIC STRUCTURE OF  SPUR GEARS. 



0,47 
0,78 
0 0 11 
0,81 
0,02 

0 0 4Y 
0,76 
0,10 
0,81 
0,02 

Crirbon 
Manretneco 
Wikel 
Chromium 
Me.)lybdenum 

- 2,21e 	- 

Herdnoos Tcste 
Rockwell n C'' 

Goar #1 	 42 

Gear #2 	 66 

hexu el. All et.",  

Gear #1 
- Per 

Gear #2 
cent - 

Conclu5Aons.; 

Those gears are  typical of normal induatrial 

practice, They are homgcnoous1y hardened, 

No metallurgical reason for Pallure wae found, 

A slight increase in life would bo expected if more drastio 

quenching could be appilod without warping the gears, 

• 

DISCUSSION 
umw,emleuuznwe= 

Tile failure of are  in service ig usually  due  to 

mechanical factoro..
(1)() The major factors to be coneidored 

In goar life are deeIgn e  machining e  Pitting »  material e . imd  

operation, 

t 

(1)REAR-AXLE GEARS--PACTORS WFaCli INFLUENCE THEIR IJFE e  Almen 
and Bosgshold,s, A„S,T,,N„ Proe, Vol, b5 e, Part 2 -e  19350 

(2) 
FATIGUE oe METALS AS INFLUENCED BY DESIGN AND INTERNAL 

STRESSES 0  J. 0, Almen„  A0  S 0 	Publioation (1943), 

(Continued on next page) 
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(Discussion, 	:t d)  - 

. • Pm.le 
the design has not allewed . sufficiont cross - 

section in the tooth t',Q withstand the normal runnIng loeds e  

qecur in d., - ;àhort tImo, After,a few t'elain the 

slze of the gear oan th: s be . specified„, Breakages that 

occur after a period of'a few woel:s to a Year of operation 

are generally fatigue fallurP,a and their cause may ba one 

of the following,'; 

Machiniw2; 	. 	 • 

It has been Proven that heavy cuts in machining 

distort' a layor of metal at t ho  surface„, This distortd 

metal  ha  s strains sot up in it which make 	weaker thAn . 

lf lightly machined. (kcindirs genorateD strainn in the 

mata17, th'  se strains are oftn 'aufficiont to pull the 

• etal  spart  at.the aarface. Even when grinding cracks 

are not predUced„ th(cro Rre tension strainÉ 	the metal, 

whichrodece its strength,: Unless machining operations 

are carefully controlledpstrens mey be sot up" in a part 

which w•ll lead to early failure. • 

FittInr 

Few gears mate perfectly. If bearing alignment 

. is 'out" a frnction of a'thouaandth, uneven teeth loading 

will result .. If the gear warps slightly'n at treatment 

the  • load . may be thon on aho end of the tooth°  Improper 

fitting Can thus lead to . early failure. Goar life  on  be 

greatly extended by lapping, provided bearing alignmen is 

perfect. Truselen. bluO . can be:usod 150 cheek load-bearing 

ar2as on goar .teeth, 

Material_ 

ear'tooth. is bout  mere than only very til.Ightly it 

b.ocomes useless. 'A stiff "springe:tooth ià reQuirod'for 
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F;ood a<7rvioep This =c^ 1tion is obtained at Rock+rse:i.? °pC"

35 to •.r?â?n .rXtE„I:'t3;:sG In hL1)r`dnC3sL? :.lnCr2;*awl` .̀,^es war :"s'es istaC1tSt3

but lolrarG rs Impact strengtW Ma" gear s are surf acw

hrt7'd ex;sed in Orr,36v to C?bta:i..{.l 1.t2ax:13I1LLm T3u(3w ^esjattl#1ce^

Tho lifc, of a gear may be redutced by the pr«sr•aaac,e

of free furriûF,o dooazy^.aurizati^.^n, inclusions, or carbidoo

Thevae.^ lower the fatiguo Aver.3gt?:x of the z3as9-i;a& The gears

-'U'..;"Û?Ti"'!iw1:Î. h€.'wd traces of free .err:tâp 4th:? oI`7- could have be%T1

avoided by a more drastic Uenshp

Stools Mich wapp m h.-,ai; treratment s:la.ould not:

be used for gearn

^:^^t3r,^- , ^^,^.. ::-.^^,.__„-r ^

:

As the s$r1?fi3a:"s in the go;,lr :1.s InarCPasad„ <a^.:s litr^

is ahort:ened^ Ova:r}loads,ng is,^bviz>usly a cause of early

^.°aiw3.uTeo

SHUTBL«4,Ta NGâ

The I IN Of GOWS has been z,xateria1ly a:ctended

by Qkzqt b7.astiQg^ 0 This rmova^ the strains set up by

ma^hining and stL°4st:^gthen the meta&
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