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Automatic Screw Machine Practice for the Brown & Sharpe auto-
matic screw machines is covered in eight Reference Books, Nos. 99 to
106, inclusive. Reference Book No. 99, “Operation of the Brown &
Sharpe Automatic Screw Machines,” deals with the construction of
these machines and the setting-up of the tools. No. 100, “Designing and
Cutting Cams for Automatic Screw Machines,” gives detailed instruction
on cam design, and describes a simplified ‘mrethod for milling cams.
No. 101, “Cireular Form and Cut-off Tools for the Automatic Screw
Machine,” deals with the general arrangement antl the calculations of
these tools, and describes the different methods employed in their
making. No. 102, “External Cutting Tools for the Automatic Screw
Machine,” deals with the design and construction of box-tools, taper
turning tools, hollow mills, and shaving tdols. No. 103, “Internal Cut-
ting Tools for the Automatic Screw Machine,” deals with centering
tools, cross-slide drilling attachments, counterbores, reamers, and re-
cessing tools. No. 104, “Threading Operations on the Automatic Screw
Machine,” treats on cam design for threading operations, threading
dies, taps and tap drills, die and tap holders, and thread rolling. No.
105, “Knurling Operations on the Automatic Screw Machine,” describes
the construction of knurling holders, and gives directions for the mak-
ing of knurls and the design of tools and cams used in connection witia
knurling operations. No. 106, “Milling, Cross-drilling and Burring
Operations on the Automatic Screw Machine,” describes screw-slotting
attachments, index drilling attachments, and burring attachments, giv-
ing directions for their use and for the design of cams for them.



CHAPTER I

DESIGNING SCREW MACHINE CAMS

The object of the present chapter is to give the average mechanic
and draftsman a clear idea of the methods employed when designing
special tools and cams for the Brown & Sharpe automatic screw ma-
chine. The first thing to be explained is the change-gear mechanism,
as on this are based the fundamental principles used in the construc-
tion of the tables for laying out cams. Following this, the construction
of the rise and drop on the cams, which is governed by the amount of
clearance necessary for one tool to pass another will be treated. Then
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Fig. 1. Diagram of Gearing on the No. 00 Brown & Sharpe
Automatic Screw Machine

a number of general points which should be of value especially to those
who are not experienced in this class of work, are given.

Change-gear Mechanism

A system of simple gearing is used on the No. 00 Brown & Sharpe
automatic screw machine, as clearly shown in Fig. 1. The worm has a
double thread; hence for every revolution of the worm, the worm-wheel
travels through a distance of two teeth. To find the change gears, as-
sume that it is required to make one piece in 12 seconds. This necessi-
tates that the worm-wheel make one revolution in 12 seconds. As there
are 40 teeth in the worm-wheel and the worm has a double thread, the
worm shaft will make 40 =2 or 20 revolutions in 12 seconds. The
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driving shaft runs constantly at 120 R. P. M. or 2 revolutions per
second. Then the driving shaft will make 12 X 2 or 24 revolutions
in 12 seconds. As, in this case, the driving shaft is required to run the
faster, we will put the gear with the smaller number of teeth on that
shaft. Now if we have gears having 20 and 24 teeth, respectively, they
will “do the trick,” but after referring to the gears supplied with the
machine we find that a gear with 24 teeth is not available, so multiply-
ing the number of teeth in each by two (which does not change the
ratio) the gears will be: 40-tooth gear on driving shaft; 48-tooth gear
on worm shaft.

On the No. 0 Brown & Sharpe automatic screw machine there is
also one driving and one driven gear, but on this machine the gear
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Fig. 2. Diagram of Gearing on the No. O Brown & 8harpe
Automatic S8crew Machine
which is called the driver is placed on the second driving shaft as
shown in Fig. 2. Then, before finding the change gears it is necessary "
to find the speed of the gear on this second driving shaft. The first
driving shaft runs constantly at a speed of 180 R. P. M. Then the

180 X 58
speed of the second driving shaft—=————=—120 R. P. M. To find
87

the change gears, assume that it is required to make one piece in 36
seconds. (To obviate confusion, we will call the second driving shaft,
which runs at 120 R. P. M., the main driving shaft). Since the cam
shaft is to make one revolution in 36 seconds and as there are
60 teeth in the worm-wheel and the worm has a single thead, the
worm shaft will make 60 revolutions in 36 seconds. The driving shaft
which runs at 120 R.P. M, or two revolutions per second, will make
72 revolutions in 36 seconds. From this we see that the driving shaft
is required to run the faster of the two, and, hence, the smaller gear
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will be put on this shaft. The gears to use could have 60 and 72 teeth,
respectively; or, by dividing the number of teeth in each by two, we
have 30 and 36 teeth, respectively.
The gears can also be found directly by the formula:
120 X D 3600
= 1)
w N
where D — number of teeth in gear on driving shaft,
W —number of teeth in gear on worm shaft,
S =time in seconds to make one piece.
120 X D 3600 - .
Then, = or 120 D—=100 W; W=1.2 D.
w 36 '

Let D=30. Then W=30 X 1.2=36.

DRIVING SHAFT
SPEED 120 R.P. M.

. GEAR ON DRIVING SHAFI'\I

\ : +" /> WORM SHAFT
\\‘\/(/
~ -~ GEAR ON WORM SHAFT
Machinery,N.Y.

Fig. 8. Diagram of Gearing on the No. 2 Brown & 8harpe
Automatic Screw Machine

A system of compound gearing is used on the No. 2 Brown & Sharpe
automatic screw machine making it necessary to find the various gears
by factoring. To explain the method of finding the gears we will
take a practical example. Let it be required to find the gears to
make one piece in 28 seconds. Referring to Fig. 3 we find that the
speed of the driving shaft is 120 R. P. M. There are 60 teeth in the
worm-wheel and the driving worm has a single thread. Thus the cam
shaft must make one revolution in 28 seconds. The worm shaft will
make 60 revolutions in 28 seconds as the worm has a single thread.
The driving shaft makes 2 revolutions per second or 56 revolutions in
28 seconds. It will thus be seen that the worm shaft (or driven shaft)
is required to run the faster of the two. Therefore, the product of
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the number of teeth in the driven gears should be smaller than the

product of the number of teeth in the driving gears. The ratio of the
60

gearing equals —. By dividing the numerator and denominator into
) 56

factors and multiplying each pair of factors by the same number we
find the gears:
60 10X 6 (10 X 8) X (6 X 6) 80 X 36

56 4x14 (4%8) X (14X6)  32X84
Then the gears are as follows:

80, gear on driving shaft; 36, second gear on stud; 32, first gear on
istud; 84, gear on worm shaft,

How Tables for Laying' out Cams are Constructed

Berfore a table can be constructed it is necessary to know the range
of spindle speeds obtainable and also the speed of the driving shaft.
Then the number of seconds to make one piece is placed in the first
column of the table, and the number of revolutions to complete one
piece is placed under the various spindle speeds as shown in Table I.
The total number of revolutions to make one piece is found by the

R XS
following formula: r — ———, where R —revolutions of spindle per
60

minute (R. P. M.), S=—time in seconds to make one piece, and r=
total number of revolutions to make one piece. The total number of
revolutions to complete one piece can also be found by adding together
the number of revolutions required for each operation plus the revolu-
tions required .for clearance, feeding the stock, and revolving the tur-
ret. The number of seconds to make one piece is found by the following
formula:
r X 60
S=— )
R

The time required to feed stock and revolve the turret on the various
Brown & Sharpe automatic screw. machines is as follows: No. 2 ma-
chine, 1 second; No. 0 machine, 2/3 seconds; No. 00 machine, 1/2
second. The revolutions of the spindle required to feed stock and
revolve the turret on the various machines are found by the following
formulas: i

No. 2 machine, r,=—=R + 60 (3)

No. 0 machine, r,—=R =+ 90 ' (4)
No. 00 machine, r,—=R —+ 120 (5)

where r,—=revolutions of spindle to feed stock and revolve turret,
R —=—-speed of spindle in revolutions per minute.

Now, to convert the revolutions required to feed stock into hun-
dredths of the cam surface, it is necessary to know the time in
seconds required to make one piece and the speed of the spindle. For
example, let it be required to construct a table for laying out cams
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TABLE 1. CHANGE GEARS AND DATA FOR LAYING OUT CAMS,
No. 00 BROWN & SHARPE AUTOMATIC SCREW MACHINE

The number of hundredths given is always sufficient tor'tooding stock, but it is
usually best to add 1-100 for revolving the Turret.
for the No. 2 Brown & Sharpe automatic screw machine. For a
spindle speed of 182 R. P. M., as shown in Table III (assuming that it
takes 10 seconds to make one piece), we find:
R XS 182 X 10

r— = =30.3
60 60

or approximately 30 revolutions. We now put 30 revolutions in the
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TABLB 1I. CHANGH GEARS AND DATA FOR LAYING OUT CAMS.
No. 0 BROWN & SHARPH AUTOMATIC SCREW MACHINE
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column under 182 as shown, and proceed to find the revolutions to
feed stock, which according to Formula (3) equals:
R -+60=182 =+ 60 =23.03 revolutions. ’
Now, to find the hundredths of the cam surface to feed stock, divide
the revolutions to feed stock by the total revolutions of the spindle
required to make one piece. In this case we find that it requires

3.03

~——==0.099 or approximately 10 hundredths. It is always advisable
30.3
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TABLE III. CHANGE GEARS AND DATA FOR LAYING OUT CAMS.
No. 2 BROWN & SHARPE AUTOMATIC SCREW MACHINE
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to add one hundredth for revolving the turret so that it will be securely
locked in position before the tools advance on the work; then in this
case it will require 11 hundredths to revolve the turret. Owing to
the diameter of the cam roll there should never be less than three
hundredths allowed for revolving the turret. irrespective of the speed
at which the cam shaft is running.

Tables I to III give the change gears and data for laying out cams
for the Nos. 00, 0 and 2 automatic screw machines. When the speed at
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TABLE IV. CHANGE GEARS AND DATA FOR LAYING OUT CAMS,
No. 00 TURRET FORMING AND CUTTING-OFF MACHINE
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10 | 3600| 3200 | 40 40 S [ 20| 90| 115 xzs 190 312 | 400
11 | 3272] 2900 | 40 4] s 127 | 163 | 209 343 | 440
12 | 3000 2700 | 40 81 s 8 | 138 | 1781 238 | 292 374 | 480
13 | 2769 2400 | 40 52 41 w 91 ] 117 | 150 ;g 247 | 310] 4051 S20
14 | 2571 2300 30 41| 4| OBl 16] 16n 266 | 341 436 | sbo
15 | 2400 | 2100 [ 40 60 | 4| =~ [105] 1 173 | 222 | 385 | 365 467 ] 600
16 | 2250 2000 | 30 T8 4] & [z 1aa | 184 | 237 304 | 389 499 | 60
17 | 2117 1900 | 20 Ml 3| Wlo|x 196 | 252 | 323 | 414 680
18 | 2000 1800 | 30 sl 3] 3 [ 6] 27 AN S 720
.19 | 1894 1700 [ 20 8] 3 133 | 171 | 219 282 361 | 462 soa | 760
20 | 2800 | 1600 | 20 “40 3| W 140 | 180 297 | 380 | 487 623 | 800
a1 | 1714 | 1500 20 a2 | 3| S [ra7 ] 189 24z] 3u| 39| su 654] Beo
e
23 4 3 205 |
24 | 1500 1350 20 m:,?:ssms:g_sssmsumsso
25 1440 | 1300°| 20 0 3 175 | 225 371] 475 | 608 | 779 | 1000
26 | 1384 1250 | 20 2| 3 g 182 | 234 | 299 | 396 | 494 | 633 | 810 [1a40]
27 | 1333] 1200 20 54| 3] o |38 23] 3ur] go0f 513 [ 657} 8411080
28 | 1285] mnso| 20 6 3 .—_; 196 | 252 | 322 | 415] s32 | 681] 872 | 1120
29 | 1241] 1100 20 8 3 203 | 261 334 ] 430] 551 | 706 | 904 {1160
30 | 1200] 1050 | 20 60| 3 3 210 | 270 | 345| 445] S70 | 730 935 | 1200
[ 32 | 1125] 1000 | 30 | 30 | 48 | 60 | 3 | O [ 224 | 288 | 3681 a75| 608 | 779 997 | 1280
3 | 1050] 050 20 | 44 | 50 | 60 | 3| gy [235[ 396 | 301 | 504 €46 | 8271060 [1360
36 | 1000] 900 | 30 | 30 | 54 | 60 | 3 | ec {252 | 324 | 414 | 534 | 684 | 876 | 1122 [ 1440
38 | 947] 850 20| 30 [ 33| 60 | 3]y [266] 342] 437] 64 722 | 925 [ 1184 |1
40 | 9o0] Bool 20 | 30 [ 40 [ 60 ] 3] O [280] 360] 460 so3| 760 | 973 [1247 | 1
42 857] 775| 20 | 30 | 42 | 60 | 3 | o [204 | 378 | 483 | 623 798 | 1022|1309 | 16%0
44 | 88| 725[ 20 | 30 [ 44 | 60| 3 | w [308] 396 506 6531 836 | 1071 | 1371 | 1760
46 782| 700 20 | 30 | 46 | 60 | 3 | @ [3227| 414 | 529| 682 874 | 1119 | 1434 | 1840
48 750 675] 20 | 30 [ 43 | 60 3 § 336 | 432 | ss2 | 712| 912 [ 11 1496 | 1920
50 720| 650| 20 | 30 [ so | 60 | 3| 5 [3so] 450 [ sp5| 742] gs0 1217 [1558 {2000
52 692| 620] 20 | 30 | 52 | 60 3 364 | 468 | 598 | 771 998 [ 1265 | 1621 [ 2080,
54 65| 600 20 | 30 | 54 | 60 3 378 | 4 621 | 8o1 [1026 | 1314 [ 1683 | 2160
6 | 642] 75| 20 [ 30 | 56| 60 | 3 392 [ so4 | 644 | 831]1064 | 1363 | 1745 | 2240
58 620 ssol 20 | 30 | 8 | 60 | 3 [4c6 [ 522 667 | 560 [1102 | 1411 | 1808 | 2320.
6o 6oo| s25| 30 | 21 [ 54 | 70 3 420 | 540 | 690 ] 890 [ 1140 | 1460 [1870 | 2400
G | snu| sof 30|20 [s4] 0] 3 a41 | 867 | 725 9351197 | 1533 | 1963 | 2520
70 s14| 450 20 [ 20 [ 40 ] 70 3 490 | 630 | o5 | 1038 | 1330 | 1703 [ 2182 | 2800
77 4671 420] 20 [ 20 [ 44 | 70 3 [ 539 | 693 | 886 | 1142 | 1463 | 1874 | 2400 3080
84 428 385 20 [ 20 [ 48 [ 70| 3 5887 756 | 960 | 1246 [1596 | 2044 [ 2618 [ 3360
91 3551 20 | 20 | s2 | 70 3 63‘7 819 | 1047 [ 1350 | 1729 | 2214 [ 2836 | 3640

which the spindle is to be run for any certain job, and the number of
revolutions required to complete one piece, are known, the gears,
product in ten hours and the time in seconds to make one piece as well
as the number of hundredths of the cam surface required to feed the stock
and revolve the turret, are found in the left-hand columns of the table,
the total revolutions required to make one piece being given in the
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TABLE V. CHANGE GEARS AND DATA FOR LAYING OUT CAMS.
No. O TURRET FORMING AND CUTTING-OFF MACHINE

right-hand columns. Tables IV to VI give the change gears and data
for laying out cams for the Nos. 00, 0 and 2 turret forming and cutting-
off machines. The same remarks apply to these as to the preceding
tables. :

The principal dimensions for the plate cams and the radii of the
cross-slide and lead levers on the Nos. 00, 0 and 2 automatic screw
machines, are given in Table VII. For notation see the illustration
accompanying the table.
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TABLE V1. CHANGE GEARS AND DATA FOR LAYING OUT CAMS.
No. 2 TURRET FORMING AND CUTTING-OFF MACHINE

2 Y 1 S u
% § g a a % §
w ;|
z I l—§ B E x g
o] Ila o|lbG|w| s|28w
zuwl,2|38 z|z| 2 |SE|¥
w38z(821 E15 (5| ¢|5al2
~':..: g g (.; Eg e 5 3 z 8 m a3 4 | o ~ ~
PIT2GE| 3|8 |85 |XL|2g %S S518 (R
") Q z2 © ° s oOla < | o o ]
o ol g | E 2 arls =
% & of wl “le g 38 $ 8
°l o z d vy N -
§ z é s AR ARSI 8
6 [6ooo [5400 | 8o 32 40 | 17 18 %] 9] l_z_- 120
7 15142 [4600 | 80 72 | 42 ] 15 21| 31| 45| 66| 96| 140
8 ] 45004000 | 8o 32 | 72 | 4 13 st] 75] 199 | 160
9 | 4000 3800 2 [ 72 | 54 | 12 7] 39 g 84 | 133 | 180
10_| 3600 80 | 32 | 72 [ 6o ) 4 94 | 137 | 200
11| 3372 | 2900 : 32 :40 Z 0 332 48] 71] 1o 151 | 220
12_| 3000 {2700 32 s3] 77| 112 | & 240
13 | 2769 [2400 2 32 2: 78 39 27 83 122 | 18 %
14 | 3571 2300 32 79 . 2 1| _go| 131 | 1
16 z‘:‘%m 8 [ 32| 60 7 3 :8 70| 103 ] 1% i% 320 |
e N AR AR AL A AR R AR
22_| 1636 |1450 | 80 43 | 71 s 3" 1 96| 141| 206 | 301 | 440
bt e e ey 2 eI
1354 11250 32 Vi 410 4] 1 529
28 1;3 1150 :: z g gg 41w 84| 123] 1 :a 3 652
1 1050 4 9o 1a1| 1 1| 410
| 35 1028 935 | 60 60 72 3 § 105| 153 3;%— 479 %
40 | 900|800 | 60 | 60 | 54 [ 72 | 3 | & 120 | 175 357 | 375 | 547
| 45 800 | 700 | 60 60 48 2 3] O 1 197 422 | 616 ) 900
[ 50 [ 720] 625 | 60 | 6o | 48 3| 150 319 321 | 468 | 1000
55 | 654| 575 | 60 | 60 | 42 | 77 3 % (165] 241 353 ] sts5| 753 | 1100
6o ;:: 525 | 40 gg g: 60 318 180 | 263 385 2:; 21 | 1200
7° 4. 40 7 3 1 = 210| 307 44 1400
8 | 450|400 | 40 | B | 54 | 72 | 3 ’5 o | 35t | 513 749 | 1095 | 1600 |
oy T e B ol 3 A AN AR e
110 | 327 290 | 40 8o 42 77 3> 336 [ 482 706 |1030 | 1505 | 2200
120 | 300| 270 | 40 | 80 | 40 | 8o 3 ‘&’ 360 | 526 | 770 | 1124 | 1642 | 2400
i aaEanamal RAR i
xg 218 xi 332 g 35 90 3] 495 7:;, 1059 | _1% 2228 3300
! 2001 1 35 | % 3w 540| 789 [ 1155 |« 24
195 | 184 [ 160 | 32 78 1 36 | 96 3 | o 585 | 8ss [ 1351 | 1827 | 2668 | 3900
210 | 171 150 | 24 | 8o | 40 | 8 3| = 630 | 920 | 1348 | 1967 | 2873 [ 4200
225 | 160 140 | 32 | 90 | 36 | 96 | 3 | 2 675 | 986 | 1444 | 2108 | 3079 | 4500
240 | 150 | 135 | 24 | 80 | 40 | 96 3| Z 720 | 1052 | 1540 | 2248 | 3284 | 4800 |
270 | 133| 120 | 32 92 | 24 9% | 3 810 1183 | 17 2529 | 3694 | 5400
300 | 320 | 105 | 24 8o 33 [ 3 goo | 1315 [ 1925 | 2810 | 4105 | 6000
330 [ 109 95 | 24 | 88 | 32 | 96 [ 3 990 | 1446 | 2118 | 3001 [ 4515 | 6600 |
360 [ 100 90 | 22 | 88 32 [ b6 | 3 1030 | 1578 1 2310 [ 3372 | 4926 | 7200
390 | 92] 8o 24 24 3 1170 [ 1709 [ 2503 | 3653 | 5336 | 7800
420 | 851 751 24 | 84 1 24 | 96 | 3 1260 [ 18411 2695 | 3934 | 5747 | 8400
450 | 8o 70] 24 | 90 [ 24 | o6 3 1350 | 1972 | 2888 [ 4315 | 61
(480 [ 751 65 | 24 [ 88 [ 22 | 06 3 1440 ] 2104 | 3080 [ 4496 ] 6568 | 9600

Constructing the Rise on Cams

The rise on the cam should be such that the tools will gradually
slow up as they approach the work. It is not necessary to lay out a
uniform curve for the rise, as in most cases the cam rotates slowly,
but when the cam is required to make one revolution in less than 5
seconds on the No. 0 or No. 2 screw machine, a curve for a more uni-

_ form speed should be constructed.



SCREW MACHINE CAMS 13

TABLE VII. DIMENSIONS OF CAMS AND CAM LEVERS

LEAD LEVER FULOMIK

l/cnoao 8LIDE LEVER FUI.ORUN

e — ——————— e ]
e

.

. e
G =THICKNESS OF
CAM

Machine o I 0 2
lCrou-slide I Lead Cross-slide Lead Cross-slide
Principal ! ~ .
Dimensions
Dimensions in Inches
A 2% 2% ‘ 3% 3 4 3%
B 14 1 |2 11 2% 1%
C A U | I 1% 13 1%
D + | % s Ts s e
E 18 1% 1 1 g 15
F ¥ $ 15 5 £ $
G 1 1 ) 5 o # §
H 35 28 3% 2% 4.5 8.088
I 811 | 3% 4% 844 4.208 | 43
J 1% % 1 1% 3% 1%

Generally the rise can be abrupt for about three-quarters of the way,
and then gradually slow down as the tool approaches the work. A
good method of laying out a curve of this form is shown in Fig. 4.
The reason for making a curve of this form is that less time is
necessary for one tool to clear another, which sometimes makes quite
a considerable difference in the time required to produce one piece

y N
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To construct the rise, proceed as follows: Lay off on line H a distance
D from the point a. Distance D varies with the clearance necessary
between the turret and cross-slide tools. Then draw line BC at right
angles to H. With a as a center, and a radius R describe an arc intcr-
_ sccting Nne BC at point b; again with R as a radius. and a center at
b, describe the rise. Join the rise and the small diameter dwell of

TABLE VIII. DIMENSIONS FOR LAYING OUT CAM RISE FOR No. 00
BROWN & SHARPE AUTOMATIC SCREW MACHINEH

Lead Front and
Back Cams
Number of Seconds to make one Piece
D R
From 8to 5seconds............ 28 1%
From 6to 12 seconds....... .... E) 11
From 18 to 80 seconds............ ] 13

the cam with a circle having a diameter equal to the diameter of the
roll. The distance r should then be measured off and recorded on the
drawing to be used by the toolmaker when laying out the cams. The
various values for the dimensions given in Fig. 4 for the rise, that
have been found suitable, are specified in Tables VIII, IX and X.

Constructing Drop on Cams

The drop on the cams should be such that the cross-slides will drop
back without shock. The turret slide d¥ops back on a cushion spring,

TABLE IX. DIMENSIONS FOR LAYING OUT CAM RISE FOR No. O
BROWN & SHARPE AUTOMATIC S8CREW MACHINE

Lead ‘ Front and Back
Number of Seconds to make o | Cams
one Piece
D R i D R
From 5 to12 seconds....| 1} 18 i | 1}
From 13 to 80 seconds....| 1% 24 4 2
From 32 to 60 seconds....| 1 31 12 3

thus allowing the drop on the lead cam to be more abrupt, on the No. 0
and No. 2 screw machines, than it is on the front and rear cams.
This is also true of the No. 00 machine, but as the drop is not great,
very little time would be saved by using a smaller angle of drop for
the lead than for the cross-slide cams. Referring to Fig. 4, it can be
seen that the lever arm swings about a pivot, so that, to have a
uniform drop, a special curve should be constructed. But, as this
drop would be more difficult to make than a straight drop, a straight
or angular drop is adopted. This gives the drop of the arm a variable
motion, as can be seen by referring to Fig. 4; the roll will drop quickly
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to about the point e, then slow up and then increase in speed as it
approaches the bottom. The cross-slides are forced back by a spring
which serves to keep the roll in contact with the cam. The drop on

TABLE X, DIMENSIONS FOR LAYING OUT CAM RISE FOR No. 2
BROWN & SHARPE AUTOMATIC SCREW MACHINE

Lead Front and Back
Number of Seconds to make Cams
one Piece
D R D R
From 6to 14 seconds..| 1% 20 13 13
From 15 to 40 seconds..| 1% 24 1 11
From 45to 90 seconds..| 13 2% 1 113
From 100 to 180 seconds. 13 8% § 28

the cam should not be laid off from a circle as shown by the dotted
lines at ¢. This would mean that the roll would drop slower when
dropping a short distance than when dropping a greater distance. The
drop should be laid off from the hundredth line where the operation

e ———
— -~

/—\~
T
. 0 .
N DY
7",
f_’/
/ / =
P

\ - Machinery,N.Y.

Fig. 4. Method of Laying out Rise and Fall on Cams

finishes as shown by the angle A. This assures the drop always being
of the same speed, irrespective of the distance through which it has to
drop. The following angles of drop have been found suitable for the
given number of seconds required to make one piece.
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" DROP ON CAMS FOR No. 00 BROWN & SHARPE AUTOMATIC
SCREW MACHINE

Number of Seconds to make

One Piece Lead, Front and Back
From 3 to 5 seconds A =20 degrees
From 6 to 12 seconds A =15 degrees
From 13 to 30 seconds ' A =10 degrees

DROP ON CAMS FOR No. 0 BROWN & SHARPE AUTOMATIC
SCREW MACHINE

Number of Seconds to make -
One Piece Lead Front and Back

From 5 to 12 seconds A =17 degrees 16 degrees
From 13 to 30 seconds A =14 degrees 13 degrees
From 32 to 60 seconds . A =10 degrees 9 degrees

DROP ON CAMS FOR No. 2 BROWN & SHARPE AUTOMATIC
SCREW MACHINE

" Number of Seconds to make

One Piece . Lead . Front and Back
From 6 to 14 seconds A =16 degrees 22 degrees
From 15 to 40 seconds A =14 degrees 19 degrees
From 45 to 90 seconds A =12 degrees 16 degrees
From 90 to 180 seconds A =10 degrees 13 degrees

Clearance for Tools

In laying out a set of cams it is sometimes found necessary to make
allowance for one tool to clear another, the amount of clearance neces-
sary being determined by the diameter or width of tool used in the tur-
ret and the position of the cross-slide tools relative to the work. When
determining the amount of clearance necessary, the rise and drop on the
lead cam is disregarded and the rises and drops on the front and rear
cams are taken into consideration. To determine the rise and drop to
use, make a rough lay-out of the various operations to be performed and

-also settle upon the approximate number of revolutions to complete
one piece. The revolutions are then converted into seconds as was
previously explained. To explain clearly the method used, we will take
a practical example. Assume that it is required to make a brass screw
as shown in Fig. 5. This. screw is made from 14-inch round brass
rod, and can be made to advantage on the No. 00 Brown & Sharpe au-
tomatic screw machine, using a spindle speed of 2400 R. P. M. backward
and forward. Assume that it is required to find the amount of clear-
ance necessary for the die holder to pass the circular form and cut-off
tools. Draw in the form tool in position on the screw as shown to
the left in Fig. 5, and also an outline of the toolpost. Then lay out
the die holder in position to start on the screw, as shown by the dotted
lines. If a releasing die holder is used, take the diameter over the
heads of the screws in the holder, but if a “draw-out” type is used, the
diameter of the cap is taken. In this case, as the screw is threaded
up to the shoulder, a releasing die holder will be used. In Fig. 5 it
can be seen that the die holder cannot advance on the screw until the
form tool drops back a distance B, but as B is the actual distance,
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it will be necessary to add an extra amount to insure that the die
holder can advance without coming in contact with the circular form
tool. The extra amount of clearance necessary varies with the type
of tool used. The following dimensions give the approximate amounts
that should be added to tae actual clearance for the type of tools
specified: -
Extra Amount of

Type of Tool Clearance
Drill holders .....c.ovvviviinnenineneennennnns from 1/8 to 3/16 inch
Box-tools (with V-supports)................... from 1/8 to 1/4 inch
Box-tools (with supporting bushing).......... from 3/16 to 5/16 inch
Button die holders (draw-out type)............ from 3/16 to 5/16 inch
Button die holders (releasing type)............ from 1/4 to 1/2 inch

To find the amount necessary for clearance, make a diagram as
shown in Fig. 6, laying out the drop on the front cam as shown. Then
add, say, 14 inch, to dimension B and measure down from the point
where the lobe finishes, scribing an arc of a circle through the point

FACE OF, COLLET

+"|
DIAMETER OF DIE
HOLDER OVER S8CREWS

'FACE OF DIE HOLDER
'FORM TOOL .
I i Machinery,N.Y.

Fig. 5. Diagram illustrating Method of Finding Clearance for Die Holder

T
m : 820 [ VO .
\""'\:.Ffoon. POST @

thus located, as shown. Then with a radius equal to the radius of the
cam roll, describe a circle touching the arc drawn and the drop on
the cam. Join the center of the roll with the center of the cam circle
by a straight line. The clearance is then measured off in hundredths
as shown by dimension H. The starting point of the lobe on the lead
cam for threading will be at the hundredth line D and the intervening
space between the lines D and E will be the amount necessary for
clearance.

When the cutting-off operation follows the threading operation it
will also be necessary to allow for clearance. To find the amount of
clearance necessary for the die holder to clear the circular cut-off tool,
proceed as follows: Make a lay-out as shown to the right in Fig. 5
and measure off the distance C. Add !4 inch to this and lay off this
dimension from the starting point A of the rear cam as shown in Fig.
6, drawing an arc of a circle as before. Then draw a circle the diameter °
of which is equal to the diameter of the roll, touching the arc drawn
and the rise on the cam, and measure off the clearance H as was
previously explained. The thread lobe would finish at the hundredth
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line F and the cut-off tool start at the line A. Clearance should also be
allowed between the dropping back of the cut-off tool and the feeding
of the stock. To find the amount of clearance necessary add 1% inch
to the largest radius of the stock used and proceed as previously ex-
plained.

To make this explanation more complete, the various steps followed
when designing a set of cams will be given.

Designing and Laying out Cams

‘When designing a set of cams the speed of the spindle best suited for
the size of stock and nature of material should first be decided upon.

Machinery,N.Y.

Fig. 6. Method of Determining Clearance on Cross-slide Cams

The tables for surface speeds given in MAcCHINERY'S Reference Book
No. 99, “Automatic Screw Machine Practice—Operation of the Brown
& Sharpe Automatic Screw Machine,” will be found convenient for this
purpose. The quickest and best method of making the piece should
next be considered, and a diagram made of the tools to be used in the
turret as shown at 4, Fig. 7, leaving from 1/8 to 3/16 inch clearance
between the rear face of the tool-haolder and the face of the turret.
This amount, of course, varies to a considerable extent, depending
on the length of the shank and body of the tool, and also on the dis-
tance that the work projects from the chuck. When the shank of the
tool is short, care should be taken to see that the clamping devices
in the turret have a good grip on the shank of the tool. The diagram
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of the circular tools applied to the work should also be made as shown
at B, Fig. 7. The feeds for the various operations are then decided upon
and divided into the length of cut which will give the number of revo-
lutions required for the various operations. The total number of
revolutions to complete one piece is found by adding together the num-
ber of revolutions for each cut, for revolving the turret, feeding the
stock and, in some cases, reversing the spindle; an approximate num-
ber of revolutions should also be added for clearance. When the ap-
proximate number of seconds to complete one piece has been obtained

- we make a diagram of the rise and drop on the cam as shown in

rs

Fig. 6. To ascertain the exact number of revolutions required for
clearance, if the approximafe number of revolutions as allowed for
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Machinery,N.Y.

Fig. 7. Position of Tools in Turret, and Forming Tools applied to Work

clearance is not sufficient, the feed on some of the tools is increased,
but if the maximum feed that the tools will stand has been used, the
number of seconds to make one piece has to be increased. When the
actual number of seconds has been obtained, we then convert the
revolutions for each operation into hundredths of cam cirgxmference,
and proportion the different lobes on the cam to the number of revolu-
tions for each operation. To explain the method adopted in laying out
the cams, we will take a practical example.

Assume that it is required to make a screw as shown at B, Fig. 7.

" We first make the diagrams of the circular tools and the tools used

in the turret as shown. Then to find the amount that the lead cam is
to be cut down below the outer cam circle, measure the distance that
the tools project out of the turret and add this amount to the distance
that the piece projects from the face of the chuck. Then the least dis-
tance between the turret and the face of the chuck subtracted from this
amount would give the distance down from the outer circle to where
the lobe on the cam starts. For example, take the lobe for the hollow
mill.
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. 19/16 + 7/8 =2 7/16 inch.

2 7/16 inch — 1 3/4 inch = 11/16 inch.

In Fig. 8 is given a method of laying out the cams for the screw
shown in Fig. 7. This method is commendable, as it can be seen
whether the tools will clear one another better than if the cams were
drawn separately instead of one on top of the other. If the foregoing
suggestions are followed, very little trouble will be encountered in de-
signing a set of cams. The example as given is for making screws, but
the same method can be followed in making any other class of work.
After the cams have been designed, a tracing should be made and kept

LI

Machinery,N.Y.

Fig. 8. Commendable Method of Laying out Cams

for reference. (See Fig. 40, Part I of this treatise, MACHINERY'S Ref-
erence Book No. 99.)

Practical Points in Designing Cams and Special Tools

1. TUse the highest spindle speeds that the various tools will stand.

2. Use the arrangement of circular tools best suited for the class of
work, (See Reference Book No. 101.)

3. Decide on the quickest and best method of arranging the opera-
tions before designing the cams.

4. Do not use turret tools for formh_lg when the cross-slide tools can
be used to better advantage.

5. Do not use a circular cut-off tool without top rake when cutting
Norway iron, machine steel, etc.
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6.. Make the shoulder on the circular cut-off tool large enough so
that the clamping screw will grip firmly.

7. When chips clinging to the work are objectionable, the circular
form tool should be turned up-side-down and placed on the rear cross-
slide.

8. Do not use too narrow a cut-off blade.

9. Allow 0.005 to 0.010 inch for the circular tools to approach the
work and 0.003 to 0.005 inch for the cut-off tool to pass the center.

10. When cutting off work large in diameter, the feed on the cut-off
"tool should be increased until near the end of the cut where the piece
breaks off. After it breaks off, the feed should again be increased until
the -tool -has passed the center.

11. When a thread is cut up to a shoulder, the piece should be
grooved or necked to make allowance for the lead on the die. This re-
quires an extra projection on the form tool and also an extra amount
of rise on the cam. : ' '

12. Use circular form and cut-off tools made from high-speed steel
when cutting Norway iron, machine steel, etc.

13. Use a fine feed and high spindle speed for all cutting tools.

14. Allow sufficient clearance for tools to pass‘one another.

15. Always make a diagram of the cross-slide tools in position on
the work when difficult operations are to be performed; it is also neces-
sary to make a diagram of the tools held in the turret.

16. Do not drill a hole the depth of which is more than 21 times
the diameter of the drill, but use two or more drills as required. If
there are not sufficient holes in the turret, drop the drill back clear of
the hole, and advance it into the hole again.

17. Do not run a drill at a slow speed.

18. When the turret tools operate further in than the face of the
chuck, see that tney will clear the chute when revolving the turret.

19. See that, the body of all turret too}s will clear the side of the
chute when revolving the turret.

20. Do not use a box-tool for a roughing cut. Use a hollow mill

21. Do not use a box-tool with soft supports. Use solid supports
only on cold-drawn or finished stock.

22. The rise on the thread lobe should be reduced so that the spin-
dle will reverse when the die or tap holder is drawn out.

23. When threading Norway iron, machine steel, etc.,, if the spin-
dle speed used for the other tools is too high for threading, use a spe-
cial threading attachment. (See MacHINERY'S Reference Book No. 104.)

24. When bringing another tool into position after a threading op-
eration, allow clearance before revolving the turret.

25. Make provision to revolve the tufret rapidly, especially when
pieces are being made in from three to five seconds and when only a
few tools are used in the turret. It is sometimes convenient to use
two sets of tools.

26. When using a belt-shifting attachment for threading, clearance
should be allowed, as it requires extra time to shift the belt.
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27. When laying out a set of cams for operating on a piece which
requires to be slotted, cross-drilled or burred, allowance should be made
on the lead cam so that the transferring arm can descend and ascend
to and from the work without coming in contact with any of the turret
tools.

28. Always allow a vacant hole in the turret when it is necessary to
use the transferring arm.

29. Use standard tools whenever possible.

30. When designing special tools allow as much clearance as pos-
sible. Do not make them so that they will just' clear, as errors some:
times turn up, causing trouble.

31. When designing special tools having intricate movements, avoid
springs as much as possible, and use positive actions.

CHAPTER II

CAMS FOR SCREW-SLOTTING ATTACHMENTS

The Brown & Sharpe Mfg. Co., Providence, R. I., has designed a num-
ber of standard and special attachments for its automatic screw ma-
chines. These attachments are used for performing various second
operations on a piece of work, such as slotting, milling, cross-drilling
and burring, at the same time that another piece is being operated on
by the cross-slide and turret tools. Thus extra operations are performed
without taking additional time.

While the attachments—as such—are widely known, the methods of
laying out the cams for operating them are no doubt unfamiliar to a
large number of operators and mechanics in general, and, therefore, a
description of the methods of laying out the cams for one of these
attachments should be of general interest. The best known attachment
designed by the Brown & Sharpe Mfg. Co. is its screw-slotting attach-
ment, which is shown in Fig. 9.

Screw-slotting Attachment for the No. 00 Machine

The screw-slotting attachment is fastened to a boss, provided for this
purpose on the machine, by two cap-screws. An apron, which is also
an additional part, carries the arbor ¢ to which the transferring arm F
is attached. The transferring and advancing cam levers D and E are
also fastened to bosses on this apron by cap-screws. These levers are
operated by the advancing and transferring cams J and K. A block H
is fa§tened to the arm F, and a slotting bushing or carrier for the
screw is driven into it. This bushing grips the screw and holds it
while the slotting saw, held on an arbor and driven by a pulley through
bevel gears, mills the slot in the head.

The design and action of the device is, in detail, as follows: The
transferring lever D is kept in contact with the cam by means of two
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springs L and M. The advancing lever E is kept in contact with the
advancing cam by the spring N, located on the transferring-arm rod C.
This open-wound spring presses against the boss O on the attachment
and the washer P, this latter being held up against a ball retainer @
which, in turn, is forced against a washer held to the arbor C by a
cone-pointed screw. The lever E does not bear directly against the
thrust-washer R to advance the arm, but holds a set-screw 8 which can
be adjusted in and out and locked with a headless screw. This screw
S, in conjunction with the screw §,, is used for varying the depth of
the slot in the head of the screw.
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Fig. 10. Turret and Cross-slide Cams for Making a Steel SBcrew

The transferring lever D is connected to a block D,, which is fastened
to the rod C by a screw C,. This block connects arm F with lever D.
The arms of lever D and the arm F are so proportioned that a small
rise of about 1% inch on the cam in this case is sufficient to carry the
slotting bushing from the chuck up to the saw through tne path indi-
cated in the engraving. When arm F drops down into a position in
front of the chuck, it is stopped at the desired point by a set-screw E,,
which rests on a block F,, attached to the machine. When the arm
moves up into a position in front of the saw, it is stopped by.a set-
screw G,, which bears against a-block H,, fastened to the attachment
The set-screws G, and E, are used for setting the slotting bushing accu-
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rately. The slotting bushing is shown at I, in position in block H. The
shank of this bushing is tapered one-half inch to the foot and is driven
into the block. Block H is held to the arm by a cap-screw J,, When
the slot in the screw has been cut and arm F drops back, the screw is
removed from the bushing, which has a slot cut in it, by the ejector K,,
which is simply a piece of sheet steel fastened to the attachment.

Laying out a Set of Cams for a Screw-slotting Operation

Undoubtedly the method of setting and operating this screw-slotting
attachment can best be described by taking a practical example. Sup-
pose it is necessary to make the shouldered steel screw shown at A4 in
Fig. 10 on a No. 00 Brown & Sharpe automatic screw machine. To pro-
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Fig. 11. Diagram used in determining the Rises on the Transferring

and Advancing Cams
ceed: First design the cross-slide and turret cams, making allowance for
one empty hole in the turret, thus enabling the transferring arm to drop
down and pick up the screw while it is being cut off. It will not be
necessary to describe the method of laying out the turret and cross-
slide cams, as this has been described in the previous chapter, so we
will confine our attention to the calculations necessary in laying out
the transferring and advancing cams for removing and slotting the
SCrew.

Before proceeding with the laying out of these cams, it is necessary
to make a diagram such as is shown in Fig. 11. Here a diagrammatical
view of the necessary movement of the transferring and advancing
levers is shown. To the right of the illustration. is a diagram of the
movement of the transferring arm and lever. For the slotting attach-
ment, the transferring arm does not have to dwell at any intermediate
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point between the chuck and the slotting saw, so that no calculation
is necessary to find the rise on the cam—the full rise or 114 inch being
sufficient to lift the slotting bushing from the chuck to the slotting saw.
To the left of the illustration is a diagram in which is indicated the
least and greatest possible distances between the face of the turret and
the chuck, and also the position of the screw-slotting arbor relative to
the chuck. Below this, the transferring arm is shown in position on
the screw. Here it can be seen that the lobes for placing the bushing
on the work and advancing it to the saw will be of the same height,
as the distance 3/32 inch is considerably less than the adjustment pro-
vided for the screw-slotting attachment; this adjustment is equal to
5/16 inch on each side of the center line.

‘When the rises or the heights of the various lobes on the cams have
been determined, the next problem is to determine their relative posi-
tions, or, in other words, the starting and finishing points of the lobes
on the transferring and advancing cams, respectively.

Laying out the Transferring and Advancing Cams

The location hole B in the cam shown in Fig. 10 is not used in the
transferring and advancing cams, so that these cams, when made, can
be shifted around to the desired position. However, it is best to start
from some predetermined point when laying out the cams. The least
confusion wil! result if the point at which the piece breaks off is used
for the point at which the bushing is located on the work. This point,
of course, cannot be determined exactly, but it is easy to locate it
approximately. :

The method of determining this is as follows: Taking the screw
shown at A, in Fig. 10, as an example, we will assume that it will break
off when the teat is 0.010 inch in diameter. (This screw is made in
9 seconds and requires 360 revolutions of the work spindle, whigh in
this case is rotated at 2400 R. P. M.) Then assuming that the length
of the bevel on the cut-off tool, or distance C, Fig. 3, equals 0.010
inch, and that the amount to pass the center of the work equals 0.005
inch, we find that the distance the point of the cut-off tool will have to
travel after the piece breaks off equals 0.010 + 0.005 + 0.005 — 0.020
inch. To find the hundredth line on the cam circle where the screw
is supposed to break off, divide the travel (in inches) of the cut-off tool,
still to be completed after the piece is cut-off, by the feed of the cut-off
tool per revolution of the work. (See cut-off cam, Fig. 10.) Thus,

0.020
—————— =— 12.05 revolutions.
0.00166

In other words, it requires 12 revolutions of the spindle after the
piece is cut off before the cut-off tool reaches the end of its travel. The
hundredths of cam surface equivalent to 12 revolutions of the spindle

12-x 100

are ———— — 3% hundredths, approximately, Therefore we assume
360 )

that the screw will break off when the center of the cross-slide roll is
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at 94% hundredths. As this is where the screw will break off, it is
necessary to have the bushing on the work a moment previous to this.
In this case we will allow 1/2 hundredth, but it is usually best to allow
one hundredth of the cam surface to give the arm time to steady itself
after forcing the bushing «onto the work. ’

Having determined the point where the slotting bushing should be
located on the work we can proceed to lay out the transferring and
advancing cams. The method of laying out these cams is shown in
Fig. 12. As previously determined, the advancing cam is not cut down
below the outer circumference except for the rise for feeding the screv
to the saw and dropping back, so a circle is drawn with a 24-inch
radius as shown, which represents the largest diameter of the cams.
A circle A, representing the path of the center of the transferring lever,
is next drawn. Then a vertical line B, representing the path of the
center of the advancing cam, is drawn. When this line and circle have
been drawn, we have the relative positions of the transferring and
advancing rolls. The transferring roll is % inch in diameter, while
the advancing roll is 34, inch, on the No. 00 machine only.

To find the starting and finishing points on the cams, proceed as fol-
lows: Draw a circle C representing the advancing roll on the hun-
dredth line marked 94; then draw a quick-rise on the cam with a
1%-inch radius. As the screw will be severed from the bar at 97
hundredths, this is the finishing point of the lobe for placing the
screw in the slotting bushing. Next construct the quick-drop on the
cam and draw another circle D, 1/16 inch below the largest diameter

of the cam, so that the arm will drop back from the chuck before it

begins to rise.
Now, to determine the position of the transferring roll, draw two cir-
~cles E and F of such diameters that the distance G equais the relative
distance between the center of the transferring arm lever and the
path of the center of the advancing lever; these levers swing through
arcs in planes at right angles to each other.

To obtain the center of the transferring lever, relative to the path of
the advancing lever, draw a line through the center of the circle D and
tangent to the circle 7. Then draw another line tangent to the circle
E and parallel to the line which is tangent to the circle FF and passes
through the center of the circle D. The point where the last drawn
line cuts the circle A will be the center of the transferring lever. With
this point as center and the compasses set to the radius of the trans-
ferring lever, strike an arc, and with its center on this arc draw the
transferring roll circle H, touching the smallest diameter of the cam.
The quick-rise on the transferring cam is then constructed, and the fin-
ishing point of this rise is made with a %4-inch radius, so that the speed
at which the arm is traveling will be decreased as it approaches the top
of its travel. If this is not done, the arm will hit the stop and re-
bound, which will have a tendency to knock the screw out of the
slotting bushing. When the transferring roll is on the highest point of
the cam, the advancing roll should be at the bottom. A cleararce of
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1/100 is allowed between the point when the transferring roll is on the
top of the cam, and the point when the advancing rol} begins to advance
the screw to the saw. The starting and finishing points of the lobes
on the advancing cam for advancing the screw to the saw are con-
structed in a manner similar to that just described.

Nothing will be gained by dropping the arm down to pick up another
screw before the teat has been reduced sufficiently so that the screw
can be removed; hence as much of the cam surface as possible is used
for slotting, thus preventing forcing the feed too much. To find the

CENTER LINE OF

974 98%
043 ADVANCING LEVER

Machinery,N.Y.

Fig. 12. Illustration showing Method of laying out Transferring
and Advancing Cams
finishing point, we work backward, as. it were, and locate the trans-
ferring roll at the base of the cam, as shown at I; then draw the quick-
rise at an angle 4, which should be from 15 to 20 degrees for the No. 00
automatic screw machine. When this angle is drawn, we then have the
finishing point on the transferring cam. The finishing point of the
advancing cam is found by laying out the rolls in their respective
positions, in- the same manner as before, care being taken to retain the
" correct relations between the center of the transferring lever and the
path of the advancing lever. This problem may seem to be rather com-
plicated at first, but after some practice it will be found to be simple
enough. A rise of 0.125 inch is generally allowed on the advancing
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cam, 80 that all sizes of screws within the range .of the machine can be
slotted with this same set of cams. .
Screw-slotting Attachment for the No. O and I:Io. 2 Machines

The principle on which the screw-slotting attachment for the No. 0
and No, 2 machines works does not vary from that used on the No. 00
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Fig. 14. Diagram used in laying out Transferring and Advancing Cams
for the No. O Brown & S8harpe Automatic S8crew Machine

machine, but the advancing and transferring cams are located differ-
ently. On the No. 00 machine, these cams are held side by side on the
front cam-shaft, while in the No. 0 and No. 2 machines, the advancing
cam is held on the stud which holds the lead cam, while the transfer-

ring cam {is held on the front cam-shaft.

The movement of the levers,
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of course, in this case differs from that on the No. 00 machine. Refer-
ring to the illustration Fig. 13, which shows the attachment used on
the No. 0 machine, A is the advancing cam and B the advancing cam
lever; C is the transferring cam, and D the transferring lever. The
method of carrying the screw to the saw is similar to that on the No. 00
machine, as are also the other movements, so that this will not need
further description. It is, however, necessary to describe the method
of laying out the transferring and advancing cams.

The method of laying out the transferring and advancing cams is
illustrated diagrammatically in Fig. 14 where the advancing and trans-
ferring levers, as well as the cams, are shown in the same plane. The
method of finding the starting and finishing points of the lobes on the
transferring and advancing cams is the same as that used for the
ordinary cross-slide and lead cams. The only point to remember is to
retain the proper distances between the centers of the levers, and to
swing them into their proper positions. A templet could be made for
these cams, which would simplify the problem of laying out the starting
and finishing points. When a templet is not available, the method
previously described for the No. 00 machine can be used; that is, keep-
ing the center distances in the same relation, in their respective paths,
and swinging the rolls into the desired position..

The screw-slotting attachment for the No. 2 Brown & Sharpe auto-
matic screw machine does not differ from that for the No. 0 machine.
The transferring cams in both these machines are made in two pieces,
as it would be impossible otherwise to assemble them on the front cam-
shaft. As there are no intermediate points at which the transferring
arm is to dwell between the chuck and slotting saw, there are no calcu-
lations necessary for determining different heights on the transferring
cam, the rise from the lowest to the highest point of the cam being
sufficient to lift the screw from the chuck to the slotting saw.

The diagram shown in Fig. 11 should be laid out so that all the dimen-
sions required for laying out the height of the lobes on the cams can
be found. It is always advisable to allow at least one-hundredth of the
cam surface for clearance, between the starting or finishing points of
the lobes on the transferring or advancing cams. This allows the trans-
ferring arm to stop for a brief interval before the direction of its
motion is changed. ‘



APPENDIX

MILLING SCREW MACHINE CAMS

There are several methods used for finishing plate cams. Most meth-
ods require that the outline be accurately laid out, after which the stock
is removed, generally by drilling a series of holes around the outline
and breaking away the outer part. The cam is then finished to the
scribed lines by milling and filing. This method, however, is slow, and
the highest accuracy is not obtainable in this way.

Another method which is applicable to all cams with a constant rise
is illustrated and described in the following: A diagrammatical view
of the relative positions of the compound vertical milling attachment
and the index head used in this method, is shown in Fig. 15. By this
method constant-rise cams may be milled, so to speak, automatically, by
placing the cam blank on the index head spindle, and gearing the head
for spiral milling. An end-mill is held in the compound vertical mill-
ing attachment, which is adjustable to any angle in the ‘vertical plane,
as indicated. The milling attachment and the spiral head are set at a
certain angle with the table surface, this angle being determined by thie
rise of the cam and the forward feed of the milling machine table for
one turn of the index head spindle; this forward feed is usually called
the spiral lead for which the machine is geared. It will be clear even
to persons unfamiliar with this method, that when the table is feeding
forward, the slowly revolving cam blank is fed against the cutting
edge of the end-mill, and as this latter is stationary, the radius of the
cam will be constantly decreased. It is the object of this article to
describe a method for finding the angle to which the spiral head is to
be set, and the lead for which the spiral head is to be geared, so as to
obtain very accurate results when milling constant-rise cams. The for-
mulas given below and the accompanying tables of leads obtainable on
the Brown & Sharpe milling machines, and their logarithms, are used
for facilitating the necessary calculations. In order to carry out the
calculations by the method outlined, a table of logarithms of numbers
(MacuiNery’'s Reference Book No. 53) and a table of logarithms of
angular functions (MAcHINERY’S Reference Book No. 55) are required.
In order to find the gears to be used for any spiral lead obtainable on
the machine, a book entitled “Tables of Leads for Use with Universal
Milling Machines,” published by the Brown & Sharpe Mfg. Co., Provi-
dence, R. 1., should be used.

General Formulas for the Calculations
In the following formulas let

l—1ead of the cam lobe to be milled; the lead of the cam lobe is
the rise of the cam if the given rate of rise were continued
for one whole revolution or 360 degrees
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R =rise of the cam in a given part N of the circumference,

N =the part of the circumference in which a given rise takes place;
N is expressed as a decimal in hundredth of the cam cir-
cumference,

L =spiral lead for which the milling machine is geared,

a=angle to which the index head and milling attachment are to be
set.

The finding of the angle a to which the index head is to be set for
any specific case is most easily explained by reference to Fig. 16. In
the right-angle triangle shown, the hypotenuse L represents the dis-
tance that the milling machine table will be fed forward while the

Machinery, N.Y. |.

™

Fig. 16. Diagrammatical View showing Method of Milling Cams on
the Milling Machine

index head spindle makes one complete revolution, or, in other words,
L is the spiral lead for which the machine is geared. The side ! in
the triangle represents the rise that the cam to be milled would have
in 360 degrees, or in one complete revolution; hence, this side repre-
sents the lead of the cam. It is then clear that

1
sin—=— (1)
L
R R
But = —, hence: sin a =——— (2)
N NXL

It is apparent from Formula (2) that when R, N and L are known
angle a can be determined. As it is not practicable, however, to set
either the index head or the vertical milling attachment closer than td
whole or half degrees, the lead L must be so selected tha.t the angle
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a will be within 5§ minutes either way of a whole or a half degree.
Hence trial calculations must be made, and it is for the purpose of
facilitating these calculations that the tables on pages 36 to 38 have
been prepared.

Practical Use of Tables and Formulas

The practical use of the formulas given and of the tables can be best
explained by means of an example. Assume that a set of cams is de-
signzd and drawn as shown in Fig. 17, and that the toolmaker is to
be given the necessary data for milling the lobes on these cams. The
milling is to be done according to the method illustrated in Fig. 15.
The calculations should be made by the draftsman or whoever designs
the cams, and it is recommended that the results of the calculations

t LEAD OF SPIRAL ==L —>
. Machinery, N.Y.

Fig. 16. Relation betw: Settl Angleotlndexnud Spiral Lead
and Lead of Cam Lo

be tabulated as shown in the table. Referring to the cam drawings in
Fig. 17, let us first take the first lobe on the frontslide cam. Here
the rise R=10.155 inch and this rise takes place in 0.24 of the whole
cam ‘circumference. Hence N =0.24. We have further:

R 0.155
l—= — =———=—0.6458
N 0.24
and, from Formula (1):
1 0.6458
sin a=—= (3)
L L

As already mentioned we must now find a lead L so selected that
angle a will be within 5 minutes either way of a whole or half degree
In order to aceomplish this result proceed as follows:

First find the logarithm of 0.6458:

log 0.6458 = T1.81010

Now turn to the accompanying tables on pages 36 to 38 (Tables XI
to XII). Beginning with any lead L that is larger than the numerator
0.6458, subtract the logarithms of the leads, as found in the tables,
from the logarithm of the numerator 0.6458 until, by repeated trials,
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TABLE XI. DATA FOR MILLING SCREW MACHINE CAMS
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Spiral Spiral Spiral Spiral
Logarithm Lead Logarithm Lead Logarithm Lead Leogarithm Lead Logarithm
1.95424 || 1.776 | 0.24944 || 2.883 | 0.86791 || 2.894 | 0.46150 || 8.429 | 0.58517
1.96848 |( 1.778 | 0.249908 || 2.888 | 0.86884 || 2.909 | 0.46374 || 8.438 | 0.53681
1.96988 || 1.786 | 0.25188 || 2.844 | 0.86996 || 2.917 | 0.46494 || 8.488 | 0.542568
0.01242 || 1.800 | 0.25527 || 2.868 | 0.87488 || 2.924 | 0.46508 || 3.491 | 0.54286
0.01787 || 1.809 | 0.25744 || 2.881 | 0.87676 || 2.983 | 0.46781 || 8.492 | 0.54307
0.01995 || 1.818 | 0.25959 || 2.886 | 0.87767 || 2.984 | 0.46746 || 8.500 | 0.54407
0.02119 || 1.828 | 0.26079 || 2.892 | 0.87876 || 2.946 | 0.46028 || 8.520 | 0.54604
0.02816 || 1.860 | 0.26951 || 2.400 | 0.88021 || 2.950 | 0.46982 || 8.585 | 0.54889°
0.08548 || 1.861 | 0.26075 || 2.424 | 0.88468 || 3.977 | 0.47878 || 8.553 | 0.556047
0.04766 || 1.867 | 0.27114 (| 2.481 | 0.88578 || 3.984 | 0.47480 || 8.558 | 0.55096
0.07778 || 1.875 | 0.27800 || 2.442 | 0.88775 || 8.000 | 0.47712 || 8.564 | 0.55104
0.07918 || 1.886 | 0.27554 || 2.445 | 0.88828 || 8.080 | 0.48144 || 8.565 | 0.55206
0.08872 || 1.905 | 0.27989 (| 2.450 | 0.88917 || 8.044 | 0.48844 || 8.571 | 0.55279
0.08020 || 1.919 | 0.28307 || 2.456 | 6.89028 || 8.055 | 0.48501 || 8.573 | 0.55281
0.09842 || 1.920 | 0.28880 || 2.481 | 0.89468 || 8.056 | 0.48515 || 8.582 | 0.55418
0.'00432 1.925 | 0.28448 || 2.480 | 0.80602 || 8.070 | 0.48714 || 3.588 | 0.35485
0.09601 (| 1.944'| 0.28870 || 2.500 | 0.89794 || 8.080 | 0.48855 || 3.600 | 0,.55680
0.11461 || 1.954 | 0.20092 || 2.514 | 0.40087 || 8.088 | 0.48940 || 3.618 | 0.55847
0.11604 || 1.956 | 0.29187 || 2.582 | 0.40846 || 8.101 | 0.49150 || 8.686 | 0.56062
0.12488 || 1.900 | 0.20885 || 2.587 | 0.40483 || 8.111 [ 0.49200 || 8.687 | 0.56074
0.12710 || 1.998 | 0.26950 || 2.546 | 0.40588 || 8.117 | 0.40874 || 3.646 | 0.56182
0.18704 || 2.000 | 0.80108 || 2.558 | 0.40790 || 8.135 | 0.49485 || 8.855 .56289
0.14457 || 2.009 | 0,.80298 || 2.567 | 0.40048 || 8.126 | 0.49499 || 8.657 | 0.56812
0.14618 || 2.080 | 0.80750 || 2.571 | 0.41010 || 8.140 | 0.49693 || 8.668 | 0.56884
0.15508 || 2.085 | 0.80856 || 3.598 | 0.41880 || 8.148 | 0.49784 {| 3 667 | 0.56481
0.15625 || 2.086 | 0.80878 || 2.605 | 0.41581 |! 8.150 | 0.49881 || 8.673 | 0.56502
0.15886 || 2.045 | 0.81089 || 2.618 | 0.41797 | 8.175 | 0.50174 || 8.684 | 0.56632
0.16047 || 2.047 | 0.81112 || 2.619 | 0.41814 || 8.182 | 0.50270 || 8.686 | 0.56856
0.16876 || 2.057 | 0.81828 || 2.635 | 0.41918 || 8.189 | 0 50885 || 3.704 | 0.56867
0.16648 || 2.067 | 0.81584 || 2.640 | 0.42160 || 8.190 | 0.50879 || 8.721 | 0.57068
0,17260 || 2.088 | 0.81869 || 2.658 | 0. 8,198 | 0.50488 || 8.788 | 0.57208
0.17600 || 2.084 | 0.81890 || 2.667 | 0.42602 || 8.200 | 0.50515 || 8 750 | 0.57408
0.18241 | 2.098 | 0.82077 (|'2.674 | 0.42716 || 8.214 | 0.50705 || 8.768 | 0.57558
0.18384 || 2.100 | 0.82222 || 2.678 | 0.42781 (| 8.225 | 0.50858 || 8.771 | 0.57646
0.19088 || 2.121 | 0.82654 || 2.679 | 0.43797 || 8.241 | 0.51068 || 8 772 | 0.57657
0.19201 || 2.138 | 0.82899 || 2.700 | 0.43186. || 8.256 | 0.51268 || 8.799 | 0.57967
0.19896 || 2.148 | 0.88102 || 8.718 | 0.48845 || 8.267 | 0.51415 || 3.809 | 0.58081
0.20276 || 2.171 | 0.886668 || 2 727 | 0.48569 {| 8.278 | 0.51495 || 8.810 | 0.58092
0.20412 || 2.178 | 0.88806 || 2.728 | 0.48828 || 8.276 | 0.51521 {| 8 818 | 0.58184
0.20602 || 2.182 | 0.83885 || 2.750 | 0.48988 || 8.281 | 0.51601 (| 8 819 | 0. 58195
0.21165 || 2.188 | 0.84005 || 2.778 | 0.44878 || 8.800 | 0.51851 || 8 822 | 0.58229
0.21405 || 2.198 | 0.84104 || 2.791 | 0.44576 || 8.808 | 0.51957 || 3 887 | 0.58399
0.21748 || 2.200 | 0.84242 || 2.800 | 0.44716 || 8.888 | 0.52284 || 8 840 | 0.58433
0.29194 || 2.223 | 0.84674 || 2.813 | 0.44002 || 8.845 | 0.52440 ||'8.850 | 0.5§546
0.22876 || 2.238 | 0.84889 || 2.828 | 0.45148 || 8.849 | 0.52492 (| 8.876 | 0.58838
0.22581 || 2.238 | 0.84986 || 2.848 | 0.45378 || 8.360 | 0.52684 || 8.889 | 0.58984
0.28198 || 2.240 | 0.85025 || 2.845 | 0.45408 | 8.888 | 0 52980 || 8 886 | 0.59062
0.28825 || 3.250 | 0.85218 || 2.849 | 0.45469 (| 8.408 | 0.58186 || 3 907 | 0.59184
0.28401 || 2.274 | 0.85679 || 2.857 | 0.45591 || 8 409 | 0.58268 || 8.911 | 0.59229
0.24155 {| 3.286 | 0.85908 || 2.865 | 0.45712 || 8.411 | 0.53288 || 8.920 | 0.59329
0.24180 {| 2.292 | 0.86021 || 2.867 | 0.45748 || 8.422 | 0.563428 || 8.927 59406
0. 2.826 | 0.86661 || 2.880 | 0.45030 || 8.428 | 0.53504 || 8.920 | 0.59428
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TABLE XII. DATA FOR MILLING SCREW MACHINE CAMS
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\

TABLBE XIII, DATA FOR MILLING SOREW MACHINBE CAMS

8 ot | 325 (ot | 52 | et | 22 |t 52 |t

7.884 | 0.86584 || 8.081 | 0.90747 || 8.958 | 0.95197 || 9.828 0.99247 |1 10.800 | 1.08842

7.847 | 0.86611 || 8.103 | 0.90859 || 8.959 | 0.85226 || 9.844| 0.99817 || 10.858| 1.085565

7.871 | 0.86758 || 8.119 | 0. 8.930 | 0.95211 || 9.900 0.99564 (| 10.859 | 1.08579

7.872 | 0.86759 || 8.140 | 0.91062 || 8.980 | 0.95828 || 9.921] 0.99656 [ 10.909 | 1.08778
7,400 | 0.86023 |[ 8.145 | 0.91089 || 9.000 | 0.95424 || 9.938| 0.99664 [|10.918| 1.08794

7.408 | 0.86970 (| 8.148 | 0.91105 || 8.044 | 0.85686 || 9.948| 0.99753 || 10.987| 1.08890 N
7.424 | 0.87064 || 8.149 | 0.91110 || 9.074 | 0.95780 || 9.954 0.99800 |{10.945 | 1.08922
-7.443 | 0.87169 || 8.168 | 0.91185 || 9.091 | 0.95861 || 9.967 | 0.99856 {| 10.949 1.08937

7.465 | 0.87808 167 | 0.91206 || 9.115 | 0.95076 || 9.968] 0.99881 |(10.973| 1.04029

7.467 | 0.87815 | 8.182 | 0.91286 || 9.184 | 0.96066 || 10.000( 1.00000 || 11.000| 1.04189

7.500 | 0.87506 || 8.186 | 0.91807 || 9.187 | 0.96080 |/ 10.088| 1.00148 | 11.021| 1.04222 »
7.525 | 0.87651 || 8.2123 | 0.91445 || 9.148 | 0,96109 |/ 10.046| 1.0019 || 11.057 | 1.043864

7.548.1 0.87754 || 8.230 | 0.91585 || 9.164 | 0.96200 |(10.057| 1.00247 || 11.111] 1.04575

7.576 | 0.87944 || 8.250 | 0.91645 || 9.167 | 0.96228 |(10.078 | 1.00887 | 11.187| 1.04677

7.597 | 0.88064 || 8.806 | 0.91989 || 9.210 | 0.96428 |(10.080| 1.00846 || 11.160| 1.04766

7.601 0.88087 8.812 | 0.91971 || 9.214 | 0.96445 |(10.101| 1.00486 || 11.163| 1.04778

7.611 1 0.88144 || 8.888 | 0.92080 || 9.260 | 0.96661 || 10.159| 1.00685 || 11.169| 1.04801

7.619 | 0.88190 || 8.334 | 0.62085 || 9.802 | 0.96858 |(10.175| 1.00753 || 11.198] 1.04914 ,

7.620 | 0.88195 || 8.861 | 0.92226 || 9.808 | 0.968623 {]10.183| 1.00788 | 11.200| 1.04922

7.688 | 0.88287 [ 8.872 | 0.92288 || 9.838 | 0.97002 |{10.186| 1.00800 || 11.225| 1.05019

7.689 | 0.88304 || 8.877 | 0.92809 || 9.884 | 0.97007 [{10.209| 1.00898 || 11.250| 1.05115

7.644 | 0.88882 || 8.400 | 0.92428 || 9.851 | 0.97086 |/ 10.228| 1.00079 || 11.818] 1.08358

7.657 | 0.88406 || 8.487 | 0.92619 || 9.875 |-0.97197 {/10.288} 1.01000 |l 11:814] 1.

7.674 | 0.88502 || 8.457 [0.92722 || 9.883 | 0.97280 |{10.288| 1.01022 || 11.868 | 1.05549

7.675 | 0.88508 || 8.484 | 0.92860 || 9.885 | 0.97248 || 10.267| 1.01144 |{11.401 | 1.05604

7.679 | 0.88580 || 8.485 | 0.93865 || 9.406 | 0.97840 |)10.286| 1.01225 |[11.429| 1.05801

7.680 | 0.88586 || 8.506 | 0.92078 || 9.428 | 0.97442 (| 10.812| 1.01884 |(11.454 | 1.05896

7.700 | 0.88649- || 8.528 | 0.93059 || 9.429 | 0.97447 |(10.818 | 1.01888 || 11.459 | 1.056915

7.714 1 0.88728 || 8.52% | 0.98080 || 9.460 | 0.97589 || 10.820| 1.01888 || 11.467| 1.05945

7.753 | 0.88941 || 8.582 | 0.98105 || 9.472 | 0.97644 [/ 10.886| 1.01485 || 11.512| 1.06115

7.718 | 0.88087 | 8.684 | 0.98115°|| 9.524 | 0.97882 |/10.870| 1.01578 || 11.518| 1.06188 P
7.792 | 0.689165 || 8.562 | 0.98207 || 9.545 | 0.97978 || 10.871| 1.01582 |[11.520| 1.06145

7.818 | 0.89282 || 8.556 | 0.98227 || 9.546 | 0.97982 |(10.800| 1.01662 || 11.574| 1.06848 !
7.815 | 0.89293 || 8.572 | 0.88808 || 9.547 | 0.97967 || 10.417| 1.01774 || 11.620| 1

7.818 | 0.89810 || 8.694 | 0.93420 || 9.549 | 0.97996 (| 10.419| 1.01788 |( 11.688| 1.06588 b
7.888 | 0.80421 || 8.600 | 0.98480 9.556 | 0.98028 (| 10.451| 1.01916 || 11.667 | 1.06696 !
7.855 | 0.89515 || 8.640 | 0.98651 || 9.560 | 0.98087 |{10.467 | 1.01982 || 11.688 ] 1.06774

7.857 | 0.8959%6 || 8.681 | 0.98857 || 9.588 | 0.98218 {/10.478| 1.02007 |[11.695] 1.06800

7.873 | 0.89609 || 8.682 | 0.98862 || 9.600 | 0.98227 |(10.476| 1.02020 || 11.719| 1.06889

7.875 | 0.80625 || 8.687 | 0.98887 || 8.625 | 0.98840 |{10.477| 1.02024 ({11,721 1.065896 ’
7.883 | 0.80669 || 8.721 | 0.94057 || 9.648 | 0.98421 [/10.500| 1.02119 || 11.728| 1.06922

7.920 | 0.80878 || 8.737 | 0.94086 || 9.675 | 0.98565 || 10.558| 1.02858 |[11.788| 1.66941

7.086 | 0.89960 || 8.780 | 0.94101 || 9.690 | 0.98682 || 10.571 1.02412 |(11.757| 1.07080

7.954 | 0.90059 || 8.750 | 0.94:201 || 9.697 | 0.98664 (| 10.606] 1.02555 |[11.785| 1.07188 |

7.955 | 0.90084 || 8.772 | 0 94810 || 9.728 { 0.98780 || 10.681| 1.02657 |/ 11.786| 1.07187

7.968 | 0.90108 || 8.800 | 0.94448 (| 9.741 | 0.98860 |/ 10.655| 1.02755 (| 11.825| 1.07280

7.974 | 0.90168 || 8.888 | 0.94685 (| 9.768 | 0.98981 | 10.659| 1.02772 |{11.852| 1.07879

7.994 | 0.90276 || 8.839 .94640 |1 9.778 | 0.99008 |/ 10.667| 1.02804 || 11.805| 1.07578

.8.000 | 0.90809 || 8.889 | 0.94885 || 9.778 | 0.99025 |{10.694 | 1.02014 || 11.988| 1.07698

B8.021 | 0.90428 || 8.909 | 0.94088 || 9.706 | 0.99105 |[10.718| 1.02991 || 11,944 | 1.07715

8.085 | 0.90499 || 8.929 | 0.95080 I 9.818 | 0.99202 |/10.714| 1.02005 || 11.980| 1.07778

8.063 | 0.90650 || 8.980 | 0.95085 || 9.822 | 0.99220 | 10. 1.08141 (| 12.000] 1.07918

[ —

— —~
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[ 3
a remainder is obtained which is the logarithm of the sine of an angle
which is within 5 minutes of a whole or a half degree. The angle
thus found is the setting angle for the index head and the lead giving
this angle is the one for which the head is to be geared. Proceeding
according to the directions given above we have:

log 0.6458 —=7.81010
(Subtract) log 0.900 —171.95424

log sin « — 1.85586

From a table of logarithms of sines we find that « =— 45 degrees 5}
minutes. As this angle is not within 5 minutes of a whole or a half
degree, try the next lead in Table XI, as follows:

log 0.6458 — 1.81010
(Subtract) log 0.930 —T.96848

log sin « =—71.84162
Hence a — 43 degrees 59 minutes.

This angle fills the requirements. No more trials are, therefore,
required, and the index head and the compound vertical milling attach-
ment are to be set to 44 degrees; the gears to use for gearing the
spiral head for 0.930 inch lead are found from Brown & Sharpe Mfg.
Co.’s book “Table of Leads for Use with Universal Miling Machines,”
as aready mentioned.

In using this method, the following conditions must be taken into
consideration:

If a spiral lead can be found in the accompanying tables which is
exactly equal to the numerator 7 in the fraction giving sin a in Formula
(1), then this lead is the lead for which the spiral head is to be
geared. It will be seen,that sin a« in this case becomes equal to 1,
which is the sine of 90 degrees. This indicates that the compound wverti-
cal milling attachment and the index head are to be set in a vertical
position. The calculations required for this case then become very
simple, as no further trials are necessary.

Especial attention should be given to the fact that the spiral leads L
used in the trial calculations must be larger than the numerator 7 in
the fraction giving sin « in Equation (1). If the number expressing
the lead were not greater than the numerator, the value of the fraction
would be greater than 1, but as the sines of all angles are smaller than
1, this would be an impossible condition.

In finding the lead corresponding to a suitable angle, a simple way
is to write the logarithm of the lead L on the upper edge of a second
sheet of paper and to hold this under the originally written value of
the logarithm of the numerator I in Formula (1), putting the difference
on the second sheet of paper until a logarithm of sin a is found, giving
a suitable angle, as explained above. This saves repeating the writing
down of the logarithm of the numerator I for each trial subtraction.
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As another example illustrating what has been said, we may calcu-
late the first lobe on the lead cam. Here L =0.906, N =0.30. Hence
" 0.906

1= =3.02. It is found by repeated trials, starting with L — 3.03,
0.30

that no lead gives an angle a éven approximately within the given re-
quirements, before we come to the lead 3.111:

log 3.02 = 0.48001
(Subtract) = log 3.111 = 0.49290

log sin a = T1.98711
Hence a = 76 degrees 6 minutes.

TABLE XIV. RESULTS OBTAINED BY THE CALCULATIONS 4

] FOR ANGLE AND LEAD
Piece No. 4-817
Computed by H. W. E.
Checked by W. W. J..
Date: Nov. 17, 1910

L]

83 %85| 3 3| &

F-] H s -l § §g
e | L o B

o 2R || E |0 g8
Leadcam | 0.906 | 80 | 76 | 8.111 | 40 | 72 | 56 | 100
Leadcam | 0.906 | 144 80 | 6.848 (100 | 44 | 24 | 86
Frontcam | 0.1556 [ 24 | 44 1 0.980 | 24 | 72 | 24 86
Frontcam | 0.048 | 183| 20 [0.930 | 24 | 72 | 24 | 86
Rearcam 0.837 | 823 82 [1.047 | 24 | 64 | 24 86

‘While the angle 76 degrees 6 minutes is not quite within the limits
that we have specified, it is so nearly so that it is safe enough to as-
sume the setting angle to be 76 degrees, the corresponding lead being
3.111. We can calculate the actual rise of the cam with this lead and

angle and compute the error resulting in the rise. From Formula (2)
we have: '

- R=sina X N X L (4)

Inserting a=—"76 degrees, N—10.30, and L=—23.111, we obtain R=
0.9056 inch.

The error in the rise thus is 0.0004 inch, which for all practical pur-
poses can be disregarded. The same method is employed for the other
lobes. With a little practice, the work can be carried on rapidly, and
the method is very simple to remember.

‘While it is the best practice always to use a spiral lead which corre-
sponds to an angle within 5 minutes of a whole or half degree, as stated,
yet a considerable amount of time may be saved in milling cam lobes
with several leads, when the greatest accuracy may not be required. by
gearing the machine for the greatest lead of lobe and changing the
setting angle of the head for the other leads.
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