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The object of the tests performed was to determine which
form of lathe tool will remove, from gray iron, maximum metal with
minimum power. That 1is to say; to ascertaln approximately what
should be the proper angle of rake and clearance for lathe tools,
and whether the tool should be round or diamond nose, to remove the
most metal with the least power,

To determine the power it would take to drive the lathe,
gs transmission dynamometer of the belt pattern was used.
This dynamometer is from the X, S, A. C. laboratory, an elevation
of this type of machine is given in figure (1), The power is trans-
mitted through the dynamometer, to the machine performing the work,
without being absorbed by the dynamometer.

mhen the dynamometer comes to rest, or is running with
no outside resistance, the system will come into equilibrium with
equal but opposite angles for both the lower and uppér belt, provid-
ed the weight of the carrier pulleys (a & b) figure (1); the
frame supporting same; and the weight of the belt are balanced.

It €an be shown that the resultant of strain of the
deflected belt varies as the cosine of the angle which the belt
makes with the vertical; or W= 2 P cos oC figure (2). The angle

ol of the belt is 75° 31', the cosine of which is ,2603 or
cos M11/4 = 75° 80',; Let cos = _950) and the tension on the
tight side of belt = Tl . and tension on slack side of belt = T2 &
W = weight necessary.to balance the vertical component of pull en
both tight and slack sides of belt; the force transmitted = P.

The force transmitted is equal to the difference of the tension on

o

the two sides of the belt, or Tl— T=P But W = 2 P cos ol

figure (2) or W= 2 P 1/4 (eC= ,250 = 1/4) Therefore P = 2 W,




Hence if we place a weight W on the scale beam or lever,

will

there

be transmitted by the belt a force P= 2 W, in order to maintain

<0y
the system in its central position; this weight is therefore a

measure of

the driving power of the belt,

The lathe equipment of the Vdnsas State pAgriculteral
College shops consists of twelve 14" engine lathes and one 30"
engine lathe, the latter having been built by the american Tool

works Co., of Cineinnati, Ohio. It was on this 30" lathe that the

following described tests were made

.

1

In making the tests two general forms of lathe tool
were used; the diamond-nose and the round-nose tool. An idea of
the form of these tools may be obtained from figures 3, 4, 5, 6, 7,
& 8, These tools are of Rex self hardening steel, with one except-
ion, in which case a tool of manganese steel was used, This was
the diamond-nose tool, angle of rake 25°,

By angle of rake is meant the angle which the top
surface of the tool forms with the horizontal, The angle of clear-
ance is the angle the cutting face of the tool forms with a verti-

of
cal line through cutting edge.tool. These angles are both illustra-
ted in Pigures 5, 6, 7; & 8.

A 10° angle of clearance of Ehe tools was maintained
throughout the tests, except on the diamond-nose tool of 25° rake,
in which case the angle of clearance was 8°.

The angle of rake for both forms of tool was varied, by
5° steps, from 5° to 25°, two series of tests being made for each
angle of rake; one series in which the cut was maintained constant

and the feed varied, and one in which the feed was maintained con-

stant and the cut was varied.




The gearing for cutting threads was used to regulate
the feed. The feed was varied from 1/16" to 1/1Q"_ The cut was
aried from 1/128" to 5/128v, taking from 1/64" to 5/64" from the
diameter of the stock.

Before making the tests the dynamometer was calibrated,
the data being given below, This was done by means of the Prony
3rake, in the following manner:; -

The dynamometer was balanced, while running, without
the brake, The Prony Brake was then put on the dynamometer and
its- constant weight obtained, by running the dynamometer both ways,
with result shown in log, Using the Prony Brake as the standard,
the dynamometer was then calibrated, by making a series of nineteen
uns, A given weight was put on the dynamometer scale beam, the
brake was then tightened up so that the dynamome ter balanced; the

scale showing the pressure of the brake arm was then balanced and

the weight noted, and at the same time the revolutions per minute

e

of the brake pulley were taken, This data was recorded and another

QO

run was made as before, using a larger weight on the dynamometer
scale beam. The series was continued until the weight shown on
the dynamometer scale beam was 47.5 pounds and on the brake scale
beam 24.5 pounds, the drive belt slipping at this point. The
values for brake horse power were mow obtained by substituting the

values thus obtained in the formula, -

B B Foo= Bl s R Po Mo & T
33000

in vhich L = length of brake arm, in feet; R. P, M, = revolutions

Per minute of brake pulley; W = weight indicated on brake scale

beam,




The values for dynamometer horse power were obtained
py substituting the values thus obtained in the following formula,

pyn. H, P, = (b + %) = R. P, M, ¥ (T~ 7T)
33000

in wnich D = diameter of driven pulley, of dynamometer, in feet,.

t = thickness of belt, in feet. =. P. M. = revolutions per minute

of driven pulley of dynamometer, (5 - T P =2 W as shown
above, where W is the weight indicated on the scale beam of dyna-
mome ter.

By plotting a curve (No. 1) with the brake horse power
as abscissae and the dynamometer horée power as ordinates, we got
a straight line at an angle of 45° with vertical and horizontal,
This gives a value of unity for our calibration factor, in other
words the dynamometer is practically correct, The data for curve
No. 1 is given in table No. 1

.

In the dynamometer horse power formula the factor

2 (D= %) is a constant factor, called the dynamometer constant,
L3000T

its value being ,0002598., The dynamometer horse power formula may,
therefore, be reduced to the form,

pyn, H. P, = W x R. P. M. X Dyn, constant x calibration
factor (unity)_ ‘

In making the machine tool tests, the dynamometer was
belted between the méin driving shaft and the lathe counter shaft,
the belt fromithe lathe counter shaft running on the dynamometer
pulley from which the Prony Brake was taken., . The tools were
sharpened before each test, and the lathe and dynamometer were kept
well oiled, The tests were made on castings from the K. S. A. C.

£ ; fn .
oundry, ‘The castings were of a hard wariety and close ground,

the rough skin being removed from the castings before the tests were




| menter especially giving the exact results given above - "Vander-

jauthor gave 4° as the best top rake angle "Hutte" the German Eng-

made., The round nose tool was set so that its center line made an
angle of 90° with the center line of the stock, while the diamond
nose tool was set so that its cutting edge méde an angle of 60°
with the center line of the stock, except in one case, (angle of
rake 5°) where this "cutting angle" was made 73° 30°',
In taking a heavy cut, the belt connecting the lathe
with the counter shaft, would slip and although belt dressing was
used, we could not take a much larger cut then 5/128", In most
of the tests the back gears were used. The horse power per cubic

inch of metal removed per minute, is determined by the formula,-

H. P, (per cu. in, of metal) = H. P;
removed per min. cu, in, of metal removed

in one minute.
The denomination of the above fraction is equal to:
q

final dia.(of

cut x feed x 77 x R. P. M, (of stoek) x original +
2 sto

From the data obtained in these tests it will be seen,
1st that the best form of lathe tool to remove maximum metal with
minimum power from gray iron, is the round-nose tool, angle of
rake 20° and angle of clearance 10°. The diamond nose tool of the
same angles gives results quite close to those of the round nose
tool. 2nd that in most cases the game spged could be maintained
on a cut 5/128" deep and 1/16" feed, as on & cut 1/128" deep and
1/16” feed, although in one case removing about five times as much
metal as in the others,

Most experimenters give 22° 30' as the best angle of

rake with angle of clearance anywhere from 5° to 15°, one experi-

voost" - Modern Machine and Shop Practice. In one instance an

(e




ineers' Pocket-book,

Watson, in Modern Prgctice of apmerican Machinists and
Engineers, says, "The lathe tool should be built like a wedge,
having a large angle of rake, say 25° to 30°., This makes the tool
sharp and it will naturally cut the metal rathér than scrape it off,
as it would do with angle of rake say 5° or smallerm, These tests
seem to bear out this authors conclusions, as 20° is a fairly sharp

o

angle of rake,

TABLE M. 1.
No. Brake H, P. Dynamometer Brake Horse Power
- Horse Power Dynamometer H, Power

1 .1908 . BEBY .8453
2 4196 ABLE S 99073
3 BT 6733 1.05

4 9130 8951 1,02

5 1,183 1,103 1.019
6 1,350 sal ilhatal
7 T D8 1.562 1.01%
8 1,789 1.754 .2985
9 2.009 1,996 1,03
10 9,181 2,189 L9919
1, 2,384 2.419 2875
12 2,614 2.646 ..2878
13 2.806 2,867 .2788
14 3.0387 3.106 .9788
15 3,284 3.326 D875
16 3.476 3,638 9824
17 2] 3,749 .9898
18 3.809 e b 720
19 3,949 3,968 .9951

— u




Yiraauolheten fHor

.
¥

FERE

£
o

ok

o

pamaes SMCE 20 B

-

i AEH F




BRICGS BELT-DYNAMOME T ER

T Id J_LLLUJJJ.LLLIHJ;_})

I




B = S — - s merga rea B A A A TR

R

e

k i 3 | el e X - {
a0 e S g .
& \ e M ) /// ) !

!
I

- g
&

i =
S s
e
e
4

o 77
&

=N
.
4
4 |
ISR i
e SN
—

T o oL S

ﬂ....v ‘
. S |
“2 | 0 | ».u ﬂ {
2 _ A N Wr m
5 - .ﬁm,. ¢ *, ]
ﬂ o T L i
= 5 I
NP Shy R ,.,.
N S | o W |
\, 1 | ) |
\y i

&
P
-~

7
aff

ouria
4

P |
A

>
7

£

L AT HE
DPiarrrernao

A

|

|

| | _. |
| _ Ll BREN Pl ] K |

m“
? i
B ‘”
\ v)
§ \
& !
™ 1
\ ' i
o} ./,w i
[P Wy
A 3 b | i

¥ ,, \

: 0 \
\ o ..M.A ,.A;! vy _
Ll “w e . tmw ¢ o |
”, \ ﬁ. i
\ i s )

===

AT

— S S e e D e i




A

FRPOUND-/INOS £

Lire 17 Zop 554%’/5,55: 4/ toof

Ve, é‘/‘/G-f‘/’?(Z// c ulayr Co r:uz‘f‘/m;? 6’4{77 ﬂ:’-\

Horizontal /rrme R ErpEs e elar 1
Zo -(,‘c/ra‘.f/f?j ec;vf?‘{f. e == T—:‘;;’/}—‘_‘:]‘"/
/ R I '

>R’

Lire in top Swrface of
/wf/,cfﬁd/'cu/ar to cert a“/'ﬁj e’é/?ce. X
7

f‘/Of!ZO/?fé‘/ //hé' /U(_'f’f"‘/c?frj{:,/;"'cj 5,//":)/«' \

to ca?.’"ﬁ:“/'nf edjg.) \

e & et L e

iy —

F“/j &

7;? W ,.%7/.*/;.-" L= u‘;‘-c T ok e

INoZ e '

7 00L S USELED /Y

7S DIRAMOND /NS E .

Liriesrn to J/’//‘rﬂcﬂ @J»atf}o/
per/oezr)n//cu/ar (fo cer z‘- 179 duje

[t‘ orizont f 17
A PLER 0 &7 pIE T i e
B e "ﬁ, ;
4 R = CUutlimg &a:
,r-\\ % e g2 B i
Q;—?’\”' B - z e
\ R {%‘37 !
b TN |
LY i
=\ E
; * N S | = i
| i ‘-?*I
AN
2 |
i =7 B 1
T : |
e e |l
4\“'--\_ / 1 |
B il = o }
~7 g ,F.
-,f
Linerntop Surfacecy €o of
Vi erpendic wlarto cuttin g € dqe.
y ST y
\
\
N, ‘ L.
"%?:.') _MortZ c_-’m.,"".///'?':’?
A /@-‘f-fﬂe’f?au elar to

cwitit /r?c,r cd;,f.?‘

\ | \lazfe r
\, 1
\| s \ ;
\{ §
\‘ AR R,
f
oA
104—T
‘ Vg 1 BT s, __}
/ \ ?
I s 77___1

/"?fﬂ-’.).’f’é c)/""' e e L
g

_‘5_0(;’/:/2/7 a,é‘oye

A= Amagle of Clreararrce = 0 For =/ ZLools. — <:)/—7//;/ a//y/c? o 7 e P =BT S AT = : e 5

s e RS S

ez

T

L e wn

Ay




| |
| DeparTMENT OF MEcHANicAL EnaineeriNg. K. S. A C.

st made at.
| L 2boraloly. ...

PR X Xz Y R
B .. Aprilllt. 05,

© Number
' of Reading:

| J24£

FRONY
LOG OF E88& BRAKE.

CONSTANTS OF BRAKE.

A o
KSR Rk
Weight of brake........... 4o &>

Weight on brake .......... ey

Brake constant............

OBSERVERS:

35,4, ezs
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DepARTMENT oF MEcHANIcAL E NnGINEERING, K. S, A, C.
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6. | 1o9%E 19. Y /331 % g
e 344 L7 1.0/ / 567
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/10 339 25 992 2.799 ‘ S
/1 339 | 274 | 989 || 2:7(9
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A.C
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