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Comparative Tests of Tool steels Used in Machine Work. 

I n those branches of the engineering world which require 

tool steel:; in the manufacture of their products , there is pre:- -· 

bably no que stj.o n of grec.;.ter importance than that of procuring 

stee ls that will produco the results sought i n the quj ckest, 

cheapest possible r1ay . I n any manufacturing plant the labor 

constitutes one of the great itemo of expense , and anything 

that can be produced which wtll enab le one work:r.lan to very 

materially increase tbe amount of work that :r..e can turn out 

with no addi t.i c nal effort on his part will be gladly Vlelcomed. 

Such has been the tendency in late years , especially in 

tris country . To bring about this result, automatic and high 

speed machines have been largely brought i nto use . The in­

crease in the nize of individual pieces and the correspondj ng 

increase in the amount of work to be done have necessitated 

the use of larger and stronger machine >• The cost of power to 

drlve such machines is a small item when the other expenses of 

the plant are considered. 

Steel is known to have been made by the Chinese long be­

f<rre the Christian Era, and certain steels known as "Wootz" and 

"Damascus" which were made i n I ndia centuries ago were cruc i ble 

steels . A curious fact is that one of these Damascus steels 

contained certain percentages of ... ungsten , nickel , manganese , 

etc . , oome of tbs very elements which are incorporated in the 

h i gh speed steels of today . Hence, we see that the steels 

commonly known as High Speed S teels are not new but have exist­

ed f or centuries , and apparently all that would have been necess-



ary to bring out the inherent , latent qual i ties stored i n them, 

would have been the process of subjecting them to such a degre e 

of hardening h eat as ,·;as thought would u tterly destroy the nat ­

ure of the steel . 

Fo r many years prior to the introduction of Self-harden i ng 

St ee 1 by Mushe t at a.bou+-. 1860, practically but l i ttlc advance 

was made in tbe cutti ng powers of t oo l steels ; the feeds a.nd 

speeds remajnjng nearly cons t ant . I t is not surprising that the 

even alert American manufacturers should begin to realize that 

surfa ce speeds of 10' to 40' per mi nute were unnecessar ily low. 

As a result of this dissatisfaction and to wi thstand the 

abuse of high speeds and heavy cuts of metal , v a rious high 

s ne ed steels have been produceu . . The defin i te composition and 

Met hod of t h:li r manufacture are secrets known on l y by the sepa-

ra te companies. Wh ile the tool ste els which are used for cut-

ting have been improved i n quali ty and durability , the material 

which has to be machined han been made of tough, denser, mater­

ial so tmt i ts strength i .; increased and i ts weight if poss-

jble decreased . Thus t be duty i mposed upon the cutting s teel s 

has very nearly kept pace with the i nprovements made in them. 

The credit for int roducing h i gh spe ed steel probably belongs 

to Me ss ers Taylor and Vrnite of the Bethleh~n Stee l Vlorks . 

The steel they produced, when exhi b i t e d in Pa14 is , showed such 

remarkable power of endu ranees that they eyes of the manufactur­

ing world were widely opened at the results of t h e test . 

As a r u le the se l f-hardening steels , among the earlie r 

brands of which JJ:ushet and Jessop were among the best , were not 



adapted to such hie;h speeds as the regular high speed steels , 

altrough capab l e of much hlgre14 speed then oommon tool steel . 

The self -r~rdening stee l made by Mushet is said to have had the 

following c ompo sjt ion : 

Carbon 2. 0 per cent 
Fungsten 5. 0 " " 
Manganese 2 . 5 II " 
E! '1romium . 5 II " 
Silicon 1 . 3 " " 

The manganese of this composition facilitates t!1e combining 

of tre iron and carbon and trus brings about tre self-hardening 

pro:r&'!' t.y • 

.ts before s·tated , the compositions of hieh speed s teels are 

secrets known only by the makers , but it is known that they con­

tai n tre following in varying proportions : 

Chromiun , 
Carbon, 
Tungsten , 
Manganese, 
Mo l ybdenum, 
Titani um. 

There munt be special care exercised in the melting and subse-

quent treatment of tm metal i n order to insure homogeneity of 

the steel v1hen finished . The carbon in most of the high speed 

steels is present in small quant i tie s , and combining with the 

other above named elements forms , at the hieh hardening tempera ­

tures , carb ides that are very hard and v1ill tlithstand the high 

t.emperat. ure of heavy cu ts and high speeds . Owing to the high 

cost of tre component elements in high speed ateels and to the 

care necesGary in manufactm-e , the price ia relat i vely high. 

I t has been our object in conducting these experiments to 

test the different tools under such conditions and upon such 



materials as are met wi t.h in machine work. There are many 

things which jnfluence the shape and condit.j on of a tool w~n 

used in machine tcols. vnmt a tool will do and wh;, t shape t~ 

tool requires depend~ upon~ 

1. Ua ter ial of whl ch it is made. 
2. Nature of material to be cut. 
:3. Surface speed at which i t is SUP!JOsed to run. 
4. Depth of cut. 
5. Feed of tool. 

It is reasonable to SUPIJOse that for every possible condition 

there is one and only one combinati on of the above that will 

give the be.st results, and while it is not our intentions to 

work out a proper combination for each condition, we have sought 

to gain a fev1 ideas that wi 11 apply to all cases. 

I n foundry i7ork there is quite a differe !:ce in the <.: ost of 

making castings out of the diffe1 ent grades of c ast iron and the 

best and cheapest in the end can be ascerte:dned only from the 

cost of the finished artj cle, and this depends to a great ex­

tent upon tm time and expense in machining the castings, so 

that the cheapest in the foundry mey be the I!lO::Jt expensive in 

the finished state. 

We h ave sought to uork out in cormection with the tool test 

a comparison bet\'leen the relative values of the different grades 

of cast iron as to their relative tensile and compressive streng-

ths, and the cost of removing a pound of metal. Since ultimate­

ly eve1·ything reduces to a money basis, such tools vd.ll be re­

quired as will do tlB work in the least possible amount of time, 

and the time depends upon tiE material. fli th this end in view 

we have conducted the following tests: 
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The power to drive t he machine \ias obtained from a 5 HP, 

220 v DC shunt wound , "G(' ne ral Electri c" motor . The motor was 

calibrated to determine useful power by the stray power method. 

The efficiency of the motor at different loads is sl1::mn by curve 

#1; in which watts are plotted as abscissae and efficiencies as 

ordinates . 

The metrod of drivjng is shown in the accompanying photo . 

Power from th3 5" drive pulley of the motor was communi cated to 

the 20" tight and loose pul leys of the coun tershaft by means 

of a crossed be l t . No trouble from sljpp ine,bf t.w driving belt 

vras experienced except when the machine was being started. A 

Weston, d i rect reading voltmeter and a 100 ampere \'/aston ammeter 

were used to measure the power consumed. 

A 50" " Nilen. Bemen• , Pond Co ." boring mi ll was used for 

machining the specimens .. The revolutions of th3 table were 

recorded by a laree " Crosby" engine register ifuich was clamped 

to the frame of t ro machine so as to be easily seen from the 

front . By a system of levers actuateu by a p i n on the la:cge 

gear w:dch drives the tab le, five nUI'lbers were r eg intered for 

each revolution of the tab le; which with t:ro timeo taken f or the 

cut gave data f or the cal culation of the ourface speed • • 

The iron for the specimens was melted i n a "Victor Collians 

Hot Bl ast" cupo la of 18 " diameter and two ton capa city . The air 

blast was furn ished by a centrifugal fan at ~ pressure of about 

5 oz . per square inch. The dimensions and shape of specimens 

are g iven in the following drawtngs. The test specimens for ten­

sion and compression tests we also made at each run and are 

shown on t re same dravlings. The mo ldo were set up in large 



wooden flask3 and the mol ten iron was served to them from a 

nwinging crane. 

A 100,000# Riehle testing machine was uoed for determining 

the tl3nsile and compreGoive 3trengths of the opecimens . For the 

hardneos test. we used a 3/16" "Noro" high speed dri 11, chucked 

in a small high speed drill press. A uniform and steady press­

ure was given to the drill by means of a 67# lead weight, turned 

true, and fitted over the drill spindle and supported on ball-

bearing collars . The cutting steels used and prices per pound 

are sbown in the following table . 

Name. Kind Price per lb. 

Rex A h i gh speed 60t 

Capital II II 65 

Sanderson self-hardening 42 1/2 

Jeooop annealed 16 

Crescent double-special 27 

" special 17 

II extra 12 

" cast 7 

The tools were forged and hardenecl in a manne-r confo rrning 

fl.S closely as possible to the manufacturer ' s directions . The 

s'la.Pe of tre tool used in the c or.1parative tests ao to there­

l a tive values of tm different steels was of the round nose 

style as shown in draving , experience having demonstrated the 

fact that this form will conduct heat away faster and stand the 

maximum amount of abuse with the minimum amount of care. The 

forgine and hardening of the di :'ferent steels was done as follows. 

~ \7 



The Rex "A" was forged at a good red hea t and was hardened 

at a white heat, or until a melted borax-like composition ap­

peared on t re point. I t was then cooled in an air blast . 

The Cap ital was worked t ro same ao the Rex A, but was hard-

ened in oil. 

The Sanderson self-hardening was forged and hardened at. an 

orange heat . Cooled in air . 

The other steels, with the exception of the "Double Special 

Crescent" were g iven ear oon-steel treatments . 

The "Double Special" was heated only to a dull red heat in-

stead of an orange. Hardened same as ordinary steel . 

All t ools were ground after hardening, and then measured 

with a bevel protr·actor to secure prop er angles . The length pro -

jecting the t ool holder was made as small as possible to avoid 

::Jp ringing . The case iron specimens were made in the foundry, 

tre details of the charging being carefully noted so that any 

unnatural results might be accounted for . 

follows: 

The c ra reine; was as 

A bed of coke of about 250# was placed in t:11e bottom of the 

cupola and when this was burned thru, a charge of iron of about 

500# was thrown on and carefully leveled. Then followed 7~ coke 

and t."le next charge of iron. After the bed had lo·uered sufficient-­

ly the charging was continued, 75# coke beine placed between 

each charge of iron. Between the second and thi rd charges a 

shovelful of lime:.;tone was thro\/n in to act as a flux and tilin 

the slag. 

Each specimen wao numbered in the mold, as were also the 

tension specimens. The c cmpression specimens were turned up out 



of the tension hars . Some of the castings wer .g taken out of t~ 

sand at a red heat, while o thet~s were left in until practically 

cold . The object of this was to determine the effect of sudden 

cooling on machining. 

in the following table : 

A complete re co rd of castings is found 

Run. 
No . 

I 

II 

III. 

IV. 

Spe cimen 
number . 

1 
2 
3 
4 
5 

7 
8 
9 

10 1_1 _ ___ -

12 
13 
14 
15 
16 
17 
18 
19 
20 

Compos i t i on . Time after blast Time Condition 
wher;t takn 

out . 
was started in 

_____ wheel _poured. sand. 

50,%. scrap 23 min. 17 hrs . hot 
50fo #2, 23 min . 2 II red hot 
oou thern. 45 min . 17 " hot 

51 min. 2 II red hot 
51 min . 17 II hot 
32 min . 2 ' 30" red hot 

66 2/3~ #2 41 min. 17 hrs . war m 
33 1'/3% #1. 55 mi n . 2 ' 30 " red hot 

1 h r . 11 min . 17 hrs . warm 
1 hr. 26 min . 2 ' 30" red hot. 
35 min . 1 3/4 hrs . re<f1lot 

Remel: of 41 " 17 hrs . wann 
Run #2. 47 " 1 3/4 hrs . red hot 

53 " 17 hrs . warm 
58 II 1 __ 3/4/hrs . -red hot 
23 " 2 hrs red hot 
23 II 17 hra . warm 

All scra ps . 33 " 2 hra . red hot 
33 n 17 hro . warm 
43 II 2 hrs . red hot 

----·--------------~ 

The drawing shows tra size and shape of specimen used. They 

were first cast wi t.hout the lugs, and were held in jaws on the 

boring mill about 4" above the table. Trouble was experienced 

due to the springing of the jaws. The castings were then cast 

with the lugs as shown and clamped directly to the tab le and 

the chattering ceased. 

To obtain the depth of cut an inside micromet e r was used 

between the tool post and t:he table . The f e eds were obtained 

by setting the fricti 0n feed wheel in certain definite positions 

and then found by measuring tm distance the t ool post moved 



when the table made fifty revolutions. The rack mentioned had 

eighteen teeth. We took every third toot~ ; found the corres­

ponding feed per r evolution of table. 

The mac rJ.ne ha::; extra feed. The ratio be tween the two 

feeds was f ound and then the faat feed::; found by multi plying 

the slow by the ratio. By having the teeth on the rack number-

ed and wtth table of feeds, it proved to be an easy matter to 

obtain any desired feed . 

Tabl e of Feeds. 

No. Tooth Slow Fast . 

3 .035" .098 
6 . 051" .142 
9 .068 .191 

12 .085 .239 
15 .103 .288 
lH .119 . 335 

The surface ::;peed was determined by having a Crosby Eng­

ine Register attached in such a manner that it registered 1/5 

of a revolution of the table . By noting the reading of the 

register and time at beginning and end of a cut , the speed can 

be found: Speed in feet per minute equals 271R X#.. Rv of table 
12 ><. time 

Dtle to the shape o.f/one of the specimeno, and the manner in 

which the cut was taken, tbere was a gradual redur·tion in the 

surface speed from the beginning of the cut to the end. VIe have 

taken the maximwn, average and mini mwn speeds. 

The power consumed wa::; measured by the Voltmeter Ammeter 

method. Readings were taken with the machine running empty ex­

cept just before taking a cut, and then at short intervals dur-

ing the cut . The average of these readings were taken . Hav-

ing previously determined the efficiency of the motor at the 



different loads, the power required to drive tfl.e w~chine could 

easily be determined; also the power con:.mmed i n the cut. 

The weight removed was figured from tre depth of the cut . 

By experiment t !13 weie;fl.t per unit t:Vrl ckner.H; was found and from 

this wa::; figured the weight removed :r;er cut. It was our inten­

tion to weigh t:'le casting after each cut, and this would have 

caused no great inconvenience· had i t been po GO ible to use the 

jaws, but when it was found tmt t~ specimen had to be bo l ted 

down, some other me tfl.od had to be devised. Comparisons were 

made by weie;!ling and measuring, and the results were almost i­

dentical . 

Many djfferent combinations of feeds, depths, and speeds 

were tried with ";ile various tools and specimens, the aim being 

to test all tc"~ Ol!3 under as nearly like condi ti r ns as possible, 

and to run t.llem to tile 1 imi t . The hardness test was sim~ ly a 

comparative test between tile different combinations of cast iron 

used in tbis test . Three holes were drilled in each specimen 

by a 3/ln" Novo H.S. drill ilaving the constant weight of 67# 

on it and run for 500 revolutions in each case at a speed of 

545 RPJJ. The drill was fre .;hly ground to the standard shape 

after each casting was tested. An average of the thr ee dep; hs 

was taken and of course the metal into which the drill went the 

deepest, was tile softest and was called hardness "100." From 

this the hardness of the other specimens were derived, the hard-

ness in each case being inversely as the depth drilled. 

As has been cited, it is of primary importance to ae cure 

steel Whichwill stand high speeds . We have endeavored to de-



termine the maximum speeds whi ch the steels will stand when 

cutting th~ specimens '(hich were used. The ."Rex" and "Capital " 

high speed steels stood a setting speed of 60 ' per minute and 

were in good shape at the end of t~ runs in most cases . The 

fastest cut we to rk was with a Rex A tool in which v1e used a 

maximum speed of 101' per minute. T~ tool failed at this cut 

but the specimen h~d become heated from previous cuts and tna 

tool was at a blue heat before commencing the cut, which fact 

may have influenced results. 

The Jessop steel wi t.."lstood a speed of 14 ' per minute, but 

would not stand a speed of 22' per minute; hence its limit must 

be between 14 ' and 22' per minute . The Sanderson self - harden­

ing steel sho\·1ed go<?d res11l ts wfl.en· used upon the machine soft 

castings, but would not stand cuts upon the hard, scrap castings • 
... 

Its efficiency i ·:; very little a bove t!Rt of the better "rades of 

Crescent steel. 

The greatest weieht of metal removed per minute was secured 

wit~ a Rex A tool with a depth of . 25• and a feed of .068" while 

running at a speed of 56 ' per minute. The Rex A, and Capital 

steels would no doubt have stood a much heavier cut with perhaps 

a faster speed, but the motor was not large enough to pull the 

load and the machine may not have been strong enough to stand it. 

The above cut was taken on a c asting from Run 1/=2 . The least 

povrer required per pound metal r emoved was taken with a Rex A 

tool with a light cut and slow speed on wheel No . 11. 

Constant and equal speeds for comparative depths and feeds 

could not be secured because of a variation in the voltage of 

the current supplied: but for practical considerations the 



speed may be considered as constant. 

Fror~ our tests we are satisfied that the Rex A and eapital 

high speed steels are encugh more efficient and will a llow of 

enough faster cutting to more tnan make up for their greater 

cost. If very hard castin gs are to be mac'rrl.ned, the common steels 

wi11 .:'ail a t almost any speed, no matte¢now small. The above 

mentioned high speed steels were found to leave a good smooth 

surface and r emain in gJ od shape even with a heavy cut and a 

speed between 20' and 30' per minute when machjning all scrap 

iron. 

In the tests on the shape of tools we found thl-;!.t diamond 

noses require about 7. 5% less power for cutting t il:\.n do tp.e 

standard round noses when run at such speeds that they both hold 

their cutting edges, but the diamond po jnt when dulled required 

as much pOYler as t he round nose. As t!l3 diamond point has less 

section for carrying away the heat it will dull before the round 

nose will. 

In testing for angles of top rake , 15° was found to be t oo 

great hecause it left too little metal to support the cutting 

edge and car!"'J away the heat. Vlhile tro cutting edg-e remained 

intact, it required less powe r for the cut. The bent results 

were secured with lOv top rake, t:"lis amount being sufficient to 

support the edge and give a nice smcoth cut. With 5°, 0°, -5~ 

and -10° rake the tool required constantly increasing power to 

drive it because of a scraping instead of cutting action of the 

teel. A.s would be expected the cutting edge stood up well, be-

cause strongly supported. A side rake of a · out 10° \7as used with 

all tools, this rake appearing to be a bout the best because small 



enougb to support the cutting edge and large enough to g ive 

plenty of clearance. An end rake of 12° proved to be satisfactory, 

Very li ttle difference in the effect on the t ool!3 and the 

power required was noticeable in the machining of the castings 

of runs 1, 2, and 3, but the casting~of run No. 4, were very 

hard and while not requiring a great deal more power per pound 

metal removed, required much longer time. It was found tla t t:W 

Rex A and Ca pital steeln were the only ones which would cut them. 

The other steels failed at the start with the slowest speed pos­

nible . (13' per minute) 

Taking an average of the power required per pound metal re­

moved for the several wheels with the standard round none steel, 

we find that it takeo 1.37, 1.58, 1.43, and 1.74 HP for runs 

1, 2, 3, and 4, respectively, while by taking the average pov1er 

per pound metal r emoved from. the castings .when a cut of .25" 

was used and as nearly the same speed as we could get, the fol­

lowing values were obtaj.ned: 1. 57, 1. 68, 1. 51, and 1.84 for runs 

1, 2, 3, and 4, reopectively. 
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I. 

Trial 'l'ime, ~rand Shepe Condition of ca.·sting Surface sEeeds. 

.DJO. min. of of tool. number. Max. Av • rl!in. 
steel. tool. Bei'orelAI'ter 

Hound 
l 9 Hex A nose. .N ew Good 4 35.6 29.7 23.8 

2 8.5 .. ,, tiOOd " 4 34 28.3 22.7 

3 8 " " .. " 4 34.6 28.8 23.1 

4 8 n 11 " tr 4 ~9.9 ' 33.3 25.4 

6 8 " " hot hot 4 37 30.8 24.7 

6 4.5 " It •• failing 4 50.3 41.8 33.6 
hot, Bulohed 

1: 
3.5 " " \ hlunted. off. 4 lul 84.2 67.5 

- -
5 

, new good 4 60.5 5u.3 4o.3 

9 5.5 11 good " 4 56.5 47.1 37.7 

10 4.5 II " hot hot 4 58.8 48. 8 39.2 

11 16.25 Jessop !I new good 4 13.8 11.5 9.2 

12 10.25 " " good dubr ed 4 20.6 17.2 13.7 

13 10 " n ,, failed 4 22.7 17.2 13 .7 

14 9.75 Rex A II nevv good 4 23.3 19.4 15.5 

15 6.25 If II good ,, 
4 34.9 29.1 23.3 

16 2u " n It dlibhed 4 64.1 

17 6.5 " " hot 4 6u.3 5v.3 4v.4 

18 2.5 " " hot dubbing 4 58.5 48.6 38.9 

19 2.5 " " dulled badly 4 61.4 51 4u.8 

2U 14.5 11 " 
\dulled. 

36 3U 24 new good 4 

1 23 " " good p;ood 4 35.3 29.4 23.5 

2 28 Jessop " new good 4 13 lv.8 8.7 

II " p.;o od feiled 4 22.6 

f4 18 " " dulled 13.3 10.9 8.8 new 4 

25 2U " " retemp-
t1 4 12.6 10.5 8.4 

26 10.5 n 
\ ereJ.. 

dubbed 4 13.2 11. 8.8 .. -fresh 
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21. 
Trial Depth Feed. wt. remov- output Power to Power HP per Campara-
No. of ed per of drive used in .lib. un- tive hard!-

cut. minute. motor motor. cut. til re- ness of 
moved. cast • 

1 . v94 .v85 .558 1.74 .483 1.26 2.25 1lv 

2 .156 " 1.v2 2.v8 .483 1.6 1.56 n 

3 .25 " 2.v5 3.43 .48 2.95 1.44 " 
4 .25 " 2.u4 3. .33 2.67 1.31 n 

5 .25 " 2.u4 3.63 .33 3.30 1.62 " 

6 .125 .119 1.82 4.1 .49 3.61 1.96 " 

7 .125 .119 2.34 3.85 1.29 2.56 1.09 ,, 

8 .125 .0.85 1.63 2.48 .5 1.98 1.22 Jl 

9 .125 .085 1.49 2.83 .5 2.33 1.56 n 

1u .125 .1v3 1.82 3.34 .5 2.84 1.56 n 

11 .125 .119 .613 1.1 .17 .93 1.51 " 

12 .094 .119 .465 1.06 .25 .81 1.74 " 
13 .v94 .119 .6 1.19 .25 .94 1.56 " 
14 .187 .119 1.3 1.87 • 25 1.62 1.24 1C10 

15 .187 .119 1.92 2.63 .48 2.15 1.12 " 
16 .187 .119 rt 

17 .187 .u68 1.9 3.55 .52 3.03 1.59 rl 

18 .v63 .191 1.64 2.89 .74 2.15 1.31 rl 

19 .u63 .191 1.64 3.69 .63 3.u6 1.86 " 

2u • 25 .v51 1.13 2.v5 .33 1.72 1.52 rl 

21 .375 .v35 l.v7 1.92 .39 1.53 1.43 H 

22 .187 .v68 .43 .73 .28 .45 1.u4 if 

23 .125 .1v3 

24 .125 llv3 .45 .72 .23 .49 .93 ;. 

25 .125 .1v3 .41 .62 .17 .45 .99 n 

26 • 125 .191 .78 1.17 .17 1 • 1.28 " 



Trial Time, Hr and 
No m..;n. of 

::>hape 
of 
tool. 

. ..... 
s t eel. 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

10,5 

17.3 

lU 

9 

6.5 

1.75 

5 

17 

11 

8.75 

13.5 

llD 
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" 
n 

f air " 

failed 11 

" 
good 

fai l ed 

good 

failed 

" 

" 

" 
n 

" 

" dulled 

bad . dulled. 1~ 
tl 

" 
11 

13.2 

21.1 

.. 
34.2 

56. 

56.2 

60.2 

21.9 

34. 3 

35.3 

23 

23.1 

22. 5 

12.9 

12.9 

13.2 

13.3 

23.1 

23 .1 

11. 

17.5 

.. 

28 .5 

46.7 

50.1 

18.3 

28.6 

29.4 

21 .1 

20.5 

10.7 

11.0 

19.2 

13 .6 11.3 

13 . 4 11.2 

13.5 11. 3 

8. 8 

14. 

22.8 

37.4 

40.1 

14.6 

22. 9 

2~5 . 5 

15.4 

15.1 

8.6 

8 .7 

15.4 

9.1 

8.9 

9. 

47 

48 

49 

50 15 

12 

13 

Capital .liS n " good 21 .4 17.8 

18. 4 

16.1 

14.3 

14.7 

12.9 
51 

52 

53 6.5 " 

" good tf 

n 
n " 

" " " 

" 

10 

10 

22.3 

19.3 

33.1 27.6 22.1 



211. 
Trial veptb ~eed. nt. remov- uutput rowe r £ower li£ per vomparE! -
!'10. of ed per of to used lb. un- tive hard-

cut. minute. motor. d!'ive i n til re- ness of 
mot or. cut. moved. casting • 

27 .125 .191 • 78 .89 .17 .72 . 93 1 uo . 
28 .344 .068 1.3 2.72 • 28 1.44 1.39 118 

29 2203 .119 1 .33 2.24 .33 1.91 1 . 42 " 

30 .25 . u85 1.82 3.65 .38 3 . 27 1 . 79 
II 

31 • 25 . 068 2.53 4.85 .58 4.27 
II 

1.69 

32 • 25 . 068 2.69 5.u8 " .62 4.46 1.66 

33 .25 .068 2.34 4. 2 .62 3. 58 1 . 53 
11 

34 . 344 . 068 1.;53 1.99 .28 1.71 1.29 139 

35 .25 . 068 1.5 2.35 .25 2.1 1.4 " 

36 .25 .085 1.89 2.9 .38 2.52 1 . 33 " 

37 . 25 
II 

. 085 

38 .25 . 085 1.21 2.01 .4 1.61 1.33 " 

39 .125 • 119 .82 1.26 • 26 1 • .84 
II 

40 .187 . 085 197 

41 .187 .085 
n 

42 .187 .o85 . 58 . 83 • 25 1.48 . 82 
II 

43 
n 

. 187 . 068 

44 . 18'7 .447 .7 .25 . 45 1 . 05 
II 

.068 

45 
11 

.25 . 085 

46 . 25 .D85 1.23 1.9 .25 1.65 1.34 " 
47 .125 .085 .349 .98 .28 . 61 1.75 n 

48 .141 .085 .393 . 92 .27 . 64 1.63 " 
49 . 14 . 085 .. 4 .72 .25 .47 1 .18 " 
50 • 25 . 085 1.09 1 . 84 .25 1.59 1.46 " 
51 .25 .103 1~37 2;22 • 27 1 . 95 1.42 H 

52 . 281 .103 1.42 2.72 • 24 2.48 1.74 153 

53 
.187 .119 1 . 89 3.44 .36 3 . 08 1.63 II 



III. 
Shape Condit ion of 
of tool. 

Cast - Surface ~eeQ. 
ing,No. Max. --Kv-:- Mfil. Trial Time, Brand 

No. min . of 
steel . t pn l. Before After. ------- ~-------------- --

@'ap. H . S . Round G·o od Good 7 54 l:o se . 

55 

56 

5'7 

5B 

5 Ill• 

2 Rex A. 

5/laJap. :I . S. 

3 . 75 Cap H.S. 

" Good 

II Fres!'l 

II Good 

" Good 

Good 

fai 1 ey 
slightly 
du led 

'"' 

59 
Sanderson ." fresh failed 

60f 6 .2 5 Rex A. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

5 

6 . 25 

5 . 3 

8 

7 

7 

29 

30.2 

71 

It I 

ll 

Cap 

••• 

Ill 

IU 

Rex A. 

Gap 

Cap 

Cres .Ex. 

Gres. Sp. 

Jessop 

74 31 

75' 30 

76 23 ·5' 

Sanderson 

" 
II 

I ~~ 27. 7'5 Il l 

"' 7} 
0 

81 

26.25Rex A. 
32 R.A • .lC.H , S. 
19 II 

11 fresh goo.d 

11 good 

II II 

II II 

II II 

II II 

" II 

II f r esh 

II 

"' 
II 

s light l y 
dulled 

f OOd 

"" 
II 

failep 

II dulled c'ulled 

It fresh dulled 

II fresh fai l ed 

II fresh II • 

"'' fresh '"' 
••• fresh good 

II good go od 

11 g od g ood 

11 good S . dulled. 
11 good failed 
" fresh g ood 
II II n 
II II II 

10 
II 

II 

II 

II 

II 

" 

II 

II 

II 

II 

!I 

II 

18 

"' 
II 

II 

II 

II 

"' 
II 

II 

" 
20"' 
2C 
20 

31.6 

22 

64 

60.2 

5'0 

60 

26.6 21.1 

18.3 14.7 

5'0 . 2 

5'0 

40.2 

40 

36.4- 30 .4 24-.3 

62 . 6 5'2.3 41.8 

62. 2 

62 . 4 

5'9 

?8 . 8 

5'7· 8 

?P . 4 

36 

13. 2 

13 

13 

13 

13 

:)1. 8 

5'2 

49.4-

49 

48 

48 . 7 

10. 8 

13· 9 11. 6 

11.3 

11 .1 

11. 8 
17·7 

41 . 5' 

4-1.6 

39·6 

39 

38.4 

39 

9· 5 
14-.2 



3 ?>o 

2III. 

Trial Depth ?eecl. 7lt . re- Output Power Power HP per Co!r.pa.!'a. ti ve 

No. of rnoved of to used lb . met- hardness 

cut . per motor . d!'ive in a.l !'e- of cast-
min . machi ne . cut . P:OVed. inR• 

54 . 25 .119 2 . 38 4 . 44 . 36 4 . 08 1 . 71 154 

55 .156 . 239 2 . 05 4 . 4 . 36 4 . 04 1 . 9'7 
n 

56 . 1:~5 . 085 2.05 3 . 72 . 52 3 . 2 1 . 56 " 

57 . 187 . 085 2 • .38 4 . 46 .62 3 . 84 1 . 61 
n 

58 . 125 . 119 2 . 08 4 . 27 . 38 3 . 89 1.87 
II 

II 

59 . 1 ?.5 . 119 

60 . 218 . 119 2 . 29 3 . 8 . 47 2 . 33 1 . 01 
II 

61 . 156 . 085 2 . 05 3.53 . 6 2 . 93 1.43 124 

o2 . 203 • 085 2 . 66 4 . 18 .65 3 . 53 1 • ..;3 n 

63 . 25 . 068 2 . 63 4 . 37 • 63 3 . 64 1 . 38 !1 

64 . 203 . 085 2 . 52 3 . 74 . ~3 3 . 11 1.2D " 

65 . 25 . 068 2 . 05 4.46 . 63 3 . 83 1 . 87 " 

66 .25 . 068 2 .34 4 . 52 . 62 3 . q 1 . 6? " 

67 . 25 . 068 2 . 34 4.75 . 62 4.13 1. ?6 " 
552 

68 .156 • 068 

69 . 156 . 068 3 . 53 . 958 • 28 . 68 1 . 93 " 

70 . 25 • 068 • 54 1 . 36 . 28 1 . 08 2 . 00 n 

n 

71 . 18? . 051 
n 

72 . 187 . 051 

" 73 . 187 .051 

74 .187 •• 051 . 4 . 82 . 19 • 63 1 . 57 h 

75 . 25 . 068 • 55 1 . 13 . 19 . 94 1 . 71 
,., 

76 .25 .068 .? 1 . 34 . 19 1 . 15 1 . 64 If 

77 . 25 . 103 .79 1 . 57 • 28 1 . 29 1 . 6~ 
n 
tt 

78 . 187 . 068 
79 . 143 . 068 1.35 .84 . 28 . 56 1 . 59 1038 

80 . 5 . 068 1 . 02 2.4 . 38 2.02 1 . 98 
,., 

81 :;:: .068 1.73 3.18 • 29 2.89 1 . 6? II 

o oJ 



:::>~\ 

rv . 
al Ti me Brand Shape Conditi on of ctast- surfac e SEe ed 

in of of tool i ng Max. A:v • Min. 

mi n. steel Tool. before after. No. ----- ------
d 

82 10 Rex A. nose. good go od 13 22. 8 19·7 15.3 
Ill 

83 I7 · 
II 15°top R. good dulled 11 22 . 5 18 . 7 15 

84 17 - 5 II Standard good "'' " 22.3 18 . 6 14 . 8 
-q.n . 

85' 1 ( .2 II 0 ~o Top R. ·~ · 
Ill ! II 22.9 19.1 15-3 

86 l b II II good good II 22.1 18 . 4 14 .7 

87 17-7 II " new dulled II 22.1 18.4 14. 7 

88 17 " Standard good good 12 22.2 18. 5 14 . 8 
Round N. 

89 17 " oO... top R. fresh good 22.4 18 . 7 14. 9 
It 

90 17.7 II '"' good good 22 .1 18 .4 14.7 
II 

91 17.7 II -50 Top R. fresh go od 22.4 18 .7 14. 9 
" 

92 17.7 II 1111 good go od 22.4 18 . 7 14.9 
" 

93 :C.? " Standard good good 15 22. 3 18 . 6 14.8 

94 17-5 11 - 5° Top R. fr esh good II 22 . 4 18 . 7 14. 9 
II 

95 18 II '10° top R.. II II II 22 . 5 18 . 8 15 
" 

96 18 II II II II II 23 5 19. 6 15.7 
II 

97 1~.2 ' II II II II II 22 .3 18 6 14.8 
II 

98 ll @ap HS .Dia.Pt . dull dull 6 36.1 30·3 24. 3 

99 10.7 1111 111 1 dull dull II 36. 9 30. B 24.7 

100 12 Rex A. Standard fresh good II 33 · 3 27. 8 22 . 2 

101 11.7 C'ap.HS.Dia. :Et. II II II 34 28 . 3 22. 7 

102 12 " II II II II 33 27 . 5 22 .1 

103 9· 5 II II II II 8 32 . 8 27.4 21.9 

104 9 " " 11 " II 34- 5 28 . 9 23.2 

105' 9 II II 11 dulled II 34- 5 28 . 9 23 . 2 
106 9 II II 11good II 35 2~ .1 23 · ~ 
107 9· 5 Rex A. Standard II II II 33 · 2 2 • 5 22. 



33~ 

2IV. 

rrris1 Depth Feed . '1t . re- Output Power Power HP per Comparativf · 

No. o.f moved of to used 1b . L'lfl t - hardness 

cmt. per mot or . drive in a1 re- of cast-

rnin. m~ chine . cut . MO Ved . ing. --------------
82 . 156 .119 1.03 ~.29 . 34 1.95 1.89 129 

83 . 253 . 068 .98 1.6G . 38 1 . 27 1.3 11 

II 

84 • ~67 " 1.00 1.78 .34 1.44 1.44 
~ 

II 

85 • 2t)6 
II 1. 01 1.93 .39 1.54 1.52 

11 

.254 
It .93 1.7 Bo .39 1.31 1.41 

11 

187 . 25 
11 .92 1 .71 . 38 1.33 1 . 45 

88 . 25 
II . 97 1. 8;? .28 1.55 1.6 126 

89 . ?.65 
11 1 .02 1 . 78 . 28 1.5 1.47 " 

190 . 251 
n . 92 1 . 67 .28 1.39 1.51 " 

91 .263 tf . 97 1.77 .28 1 . 49 1 . 54 If 

j92 .249 tl . 92 1 . 57 • 28 1 . 49 1 . 4 
,, 

93 .258 lf . 99 1.96 . ~8 1.68 1 . '? 145 

94 .257 II . 99 2.17 • 29 1.89 1 . 91 11 

95 .26 If .95 2. 42 • 29 2.13 2. 24 rl 

96 • 26 ty .95 2.18 • 29 1.89 1.99 ff 

97 .256 tf . 8? 2 . 14 • 28 1.86 2.14 " 

98 .25 n 1 . 49 2 . 6 .37 2. 23 1 . 5 196 

, 99 . 25 T1 1. 53 2 . 75 .4 2.35 1.53 rl 

100 .25 tf 1 . 37 2.68 .4 ?..28 1.66 rl 

101 .26 11 1.45 2.28 .41 1.87 1.29 tl 

102 .262 11 1 . 43 2 . 02 .41 1 . 61 1 . 13 II 

103 . 25 .085 1.73 3.56 .39 3.17 1.83 128 

104 • 25 . 085 1.82 2.86 .46 2 . 4 1.32 tl 

105 . 25 H 1.82 3 . 07 .46 2. 61 1.43 II 

106 .25 tt 1.82 2. 89 .46 2.43 1. 33 " 
107 • 25 t( 1 . 73 3 .25 .46 2 . 79 1.61 " 



Run Test speci- 1'e nsi le Comp. strenn·- Casting n v. !)epth Compa.:!"fJ t i ve ~ime casting 
No . men No. strength th, 1! sq.in. number. drilled hardness. l eft i n sand. 

t sq.in. 

I. 1 19000 86880 4 1.13 110 2 hrs. 
2 1915v 87260 5 1.25 1uo 17 hrs. 

------------~----------------------------------- - --------------------------------

II. 
1 2U700 95610 6 .635 196 2.5 hrs. 
2 17800 93630 7 Lu57 118 17 ~~ 

8 .97 128 2.5 " 
9 1.uo3 124 17 of 

1u .812 153 2.5 " 
------------- -- ------------------------------------------------------------------

11 .633 197 1.75 11 

III. 1 20500 97170 12' .986 126 17 
2 20600 100910 13 .967 129 1.75 it 

14 .894 139 17 
------------------------------------------------------ -------------- ------------- --

1 16620 1166u0 18 .226 552 2 ~ 
IV. 2 25560 114240 2U .12 1U38 2 tt 



The results of tile tensile, compressive, and hardne::;s tests 

show tha t the conb inat ion of 50% scraps and 501{ No. 2 Sou tern 

iron bas a lov7er tensile a.11d compresnive ntrength than any of tm 

others, and the drill tent for hardness reveals it to be the 

softent. 

Run No. 3, a rerael t of No. 2, is shown to have a hig~r 

tensile and compressive strengtil than No. 2, and the drill test 

shows it to be harder, a result to be expected. 

Run No. 4, all scraps, shows a vast difference in tne ten­

sile strengths of the two test specimens. The difference must 

be due to an extra side strain set up in the test, be cause the 

compressive strengths are almo a t the same, an d from the appear-

ance of the iron specimen No. 1 was a little better tr~n speci­

men No.2. The hardness test srows tillt sp:3cimen No.2 has almost 

twice the hardness of specimen No. 1, an unexpected result that 

might account for the low tensible strength of specimen No. 1. 

A comparison betwf'en the cantings as to the ef fects of leav­

ing ther.a in ::>and f or unequal lengths of time, sh ows that in all 

cases , except one, the castings were harder. I n some castings 

there was only a slight variation while in others t~ dif ference 

was quite marked. This is a result that. would na tu r'd.lly be ex­

pected from our knowledge of the ef.fects of sudden cooling upon 

irons containing cousi-dvrable carbon. 

A comparison of the resu 1 ts of the tool tests nhows t !.at 

there is a definite ratio, between the depth of cut and t~ 

feed, that will produce the best resuuts. A feed of from 1/4 to 

1/5 of the dept h of cut would probably give the best results. 



It wan fotmd that t.he tool having a top rake of 15° r equir-

ed less power to remove one pound of metal than any otber tried, 

although this angle was so great that the tool dulled quite bad-

ly , even at the low surface speed at which it was run, because 

the cutting edge was not tn..lfficiently supported . 

Conclusi ons to be drm-,rn from t.hi s are that the top angle 

which the ct.0 t i ne edge makes wi t.h the machined surface , or in 

other words, the top rake should be as great as the condit.i cns 

will allow, the limit being reached when there io insufficient 

backing to sup vort the cutting edge and carry away the heat . 

Evidently the high speed steels can be run at from 3 to 5 times 

the surface speed allowable with carbon steel . The co st per 

pound is ab out four times as great . With this data at hand it 

should be an easy matter to determine the advantage gained from 

the u :.;e of high speed steel. 

VI. VI . Carlson, 
R. T . Cha "Llender. 
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• 


