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about with high velocity and colliding with each other, 
and with any object ilnrrrorsetl in it. An article placed 
in ~11~11 an  ;~tnlosphcre would be su1)jectcd to  a rapid 
succession of blows, and if a ccrtain relationship existed 
bet\.recn its Iiardness and thtt atmospheric prossure, 
i .e . ,  the momentum of tlic balls, its surface woulrl bc 
compressed without being sensibly indented. Thcx 
article, if of h i d  stcel, would beconrc. crrcr~scd in a thin 
superhardcned layer. l f  the velocity of the balls werc 
now slightly u~crtvmxl, tlte lrarci laycr would rcsist 
mdcntation, but would be increased in flardness, and in 
thickness. I3y grndtrally increasing tho vclocity of the 
balls, :I suy~rl~ardcnrd layer could br p~*oducctl, 
intensely 1i:tr.d on the surface mri grftdually ricereasing 
in harclnms throl~ghout its thickness, whic11 might b(x 
ahout 2 mnl. As there was no abnrpt cliange of hartl- 
tress, thcre ~vas  n o  to~~dency  for the lnycr to  flake or 
scale off. 

The nctual hardncrs that  could hc proclt~c~rl dcpc~idcd 
on the si~perliardcuirrg capacity of the  steel, which 
propcrty was rnsily rncwmred by Inrans of tho I'enduliim 
hardness tcstw. TIP I d l  velocity r equ i rd  to  produce 
this hardncss could be tfcterrnincd by expcricncc. Jus t  
as there was a rt:lationship hctwem tlte original i:ardrress 
of tho stcwl arid t h  initial hall sclocity, ~vlrich com- 
pressed thr s~~rft~ccl v ithout indenting it,'so there was a 
relatio~isllip bctwrwr Z hc" r r i ~ r  ximum irrt1rieotlllardne;ls " 
of the s t d ,  as nw?anur~d uitli the L'cnti~rl~rm, mt i  the 
final ball ~eloci ty ,  wlrrcli was sidicielrt to  produce 
maximnm h:trtlncss. Lilt was ~nsrtltic+rtt t o  indent t,hc 

depth of 1 .5  mm. 'Phe original lx~rdnass, namely, 
67.2, wi~s  ecluivalcril to 770 Brin~ll.  Tho final  surface 
hardness, namely, 76.7, waspcluivalent to  1,020 Urilloll. 
011 cwtltin case-l~ardcnecl steels, a nraximrmr tliarnoud 
time-hardness of C34.(i, equivalent to  1,276 Briarll, had 
bcon prorlncid by supcrhn~.cicning. Fig, 3 was :L 
micrograph of 2% nrclrd-chromium stmi, heat-troatccl 
and si~per-hartlencd, uni1i.r r t  magnification of 20 
tiia meters. ISlevcn Pcndnl um test impressions wero 
shown over R depth of 1 .7 mm., arrd t lie average surfacr 
harclnrss, naruely 50, was obtained. 7'110 diamond 
time-harclncss v:iluc of 53 was ecpivalent t,o 715 Rrincll, 
s~nd the origirral surface hardness, wlric~h was 38.8, was 
eqnivalcnt to  525 13rinell. 

The atmospl~crc of steel balls was invented ant1 
jnvestigatctl as ;s rncalls of s~~ptA:ard(ming. The 
investigation had, howc~cr, ~ m w d c d  another effect 
of equal inqwrtance. The initial Itall velocity was so 
adjnsted t o  the hardness of the n~ork that  i t  was just, 
insufficient to  indent tho surface. It followxi t h t  if 
Fny part of the work was soft, its surface would be 
mdentecl aml roughened. If, for example, a cjuantity 
of hardrneci-stool articles were placecl ill a. l~al l  atmo- 
sphere of c o r ~ m t  pressure, i t  would be found, on removing 
them, tha t  any soft :~rticlcs, or soft spots, could hc 
easily tiistiliguished by their indented LL~P~:LI.RIICP. I3y 
means of this new process, xhioh might lxwornr known 
rts " CloutXhurst llartl~icss Testing," Iargc quarititirs 
of hardened articlecs could be tcstcd for hardness 
without ~narking them, except on tho soft spots. 

li'or producing t h ~  steel-hall a trno;;ph~rc*, t w o  m,thr& 
ll&d beerr cmploycd. hl one, I h e  h n h  \iw r d l o ~  
,o fall lrrtn the c h ~ m h c r  from LL hc~gh t  x ~ h ~ c h  1 orric! 
~djrrsted. Cunt~nuoiis cicculatlon of bails a ,i.; rrl,irn- 
tamed by means of i~ con.vcyo~"- I r i  thc i c  c m ~ t l  a r 4  hod, 
;he )balls r o l l d  dowrr a11 I I ~ C I ~ C  L L I I ~  I K  

~ p w a r d  dlre~t ton by t h  vanm of :r rtr~or, d h r *  ~ p t v ~ l  of 
~ h i c h  cot~ld be varied. Aftcar crtlerrng thca r tihiicar Ilrii.c$ 

:hamher i11 whit l-i f hc? work nas piaocti, the 5pc sit, h,i'il+ 
tgitin roller1 clown tl~cz ~rrcl~rrc, f h r i s  rr~arld ,rit:rrlg ,a 

tontinuous circulation, 
The whole process had hcan the ~ t r b j w t  of , ~ ~ i l ( i ~  

nvestigation, but Lhr? powh~li t iw of ~t lmd nt)t I>rdi>l l  

ully cxplorcd. In the dcvclop~mnt of tlrc l~rvc~lrtiorr,  
LS r n  the origirml rescsrvlr, the L'encltllurn hCxidrrc~is 
estor had beon indisporrsnblc. Mrtthout lt, tho nle;Lsotp- 
nerrt of superhixrdcnlr~g c:~pi~cit,y, of ~ u ~ ~ : I o c ~ x ~ ~ M I I ( ~ ~ ~ ,  
ind of the I~arcinoss grad~errt hcluw the h;rirfnw, n orrid 
rave been irapcrssr blc. 
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