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PREFACE

Many engineering departments, perhaps most, compile and keep up to date a
manual which may be called the standards book, reference book, engineering depart-
ment standards, or which may be given some other name. Also, many design
engineers build their own book or manual. In such books will be found a vast fund
of engineering data and many methods of design procedure not found in existing
handbooks.

When Product Engineering was launched as a publication to serve the design
engineers, it was obvious to the editors that a great service could be rendered to the
profession by gathering and publishing data, information, and design procedures such
as are contained in engineering department manuals. Thus, the first number of
Product Engineering in January, 1930, contained a reference-book sheet for design
calculations, a feature which has been continued in practically every number. Soon
afterward, there was added to Product Engineering’s editorial content another regular
feature, a two-page spread illustrating standard constructions, possible variations by
which to achieve a desired result, and similar design standards covering constructions,
drives, and controls.

It was soon found impossible to meet all the requests for additional copies of
reference-book sheets and design standards. The demand continued to increase and
numerous readers suggested that the material be compiled into book form and pub-
lished. It was in answer to this demand that the authors compiled this book.

Other than the major portion of the chapter on materials and a few other pages
that have been added to round out the treatment of certain subjects, all the material
in this book appeared in past numbers of Product Engineering, although some of it has
been condensed or re-edited. Very little of the material in this book can be found in
the conventional handbooks, for this Handbook of Mechanical Design contains practi-
cally no explanations of theoretical design. It confines itself to practical design
methods and procedures that have been in use in engineering design departments.

The authors will welcome suggestions from users of this book and especially
desire to be notified of any errors.

We wish to make special acknowledgment of the material on typical designs
appearing in Chapters IV and VI, by Fred Firnhaber, now of Landis Tool Company;
the nomograms by Carl P. Nachod, vice-president of Nachod & United Signal Co.;
the standard procedure in the design of springs by W. M. Griffith of Atlas Imperial
Diesel Engine Company; the spring charts by F. Franz; the methods for caleulating
belt drives and other nomograms by Emory N. Kemler, now associate professor of
mechanical engineering at Purdue University; the nomograms for engineering calcu-
lations by M. G. Van Voorhis, now on the editorial staff of Product Engineering; and
to S. A. Kilpatrick and O. J. Schaefer for their brilliant series of articles, which have

v
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vi PREFACE

been included in slightly condensed form, on the design of formed thin-sheet aluminum-
alloy sections. Acknowledgment is also made here of data on properties of materials
contributed by the Aluminum Company of America, United States Steel Corporation,
and the American Foundrymen’s Association.

Other engineers whose contributions to Product Engineering have been incorpo-
rated in this book are H. M. Brayton, O. E. Brown, E. Cowan, C. Donaldson, R. G. N.
Evans, C. H. Leis, A. D. McKenzie, G. A. Schwartz, A. M. Wasbauer, B. B. Ramey,
J. W. Harper, H. M. Richardson, G. A. Ruehmling, T. H. Nelson, E. Touceda, W. S.
Rigby, R. 8. Elberty, Jr., and G. Smiley.

GeorGE F. NorDENHOLT,
JoserH KERR,

JoHN Sasso,

New YoRk,
April, 1942,
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HANDBOOK OF MECHANICAL DESIGN

CHAPTER 1

CHARTS AND TABLES
For General Arithmetical Calculations

The charts and nomograms in this chapter include only those pertaining to

general arithmetical calculations, as listed below.

Nomograms, charts, and tables

for use in the design of specific machine elements or structures will be found in the
chapters devoted to the design of those elements or structures.

Length

Arc Length vs. Central Angle.........
Chordal Height and Length of Chord. ......
Length of Material for Bends. .............

Circular Segments............. ......

Volume

Tanks, Horizontal Round............
Tanks, Vertical Round. .. .._............ ..
Volume, Weight, and Cost.. .. .......

Cylindrical Pieces............ —
Unit and Total Weight. ... ... .......... ..
Weight and Volume.................

10

Moment of Inertia, Radius of Gyration, and WR‘

Flywheels, Gears, a.nd Armatures.
Radii of Gyration., :
Transferring to Pnrn.lle.l ﬁuua

Farce

Foree, Velocity, and Acceleration

Linear Motion........cociiveiviiininin..
Rotary Motion,.......... B

Heat and Temperature

Mean Cooling Temperature. . ...........

Electrical

Solution of Ohm's Equations............
Total Resistance of Parallel Circuits. . . . .
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2 HANDBOOK OF MECHANICAL DESIGN

ARC LENGTH VERSUS CENTRAL ANGLE
(Angle of Bend, Length, and Radius)

i i
g

e

3

L LR A R R LM L

Length of Arc (1 Inches)

Radius of Arc(R Inches)
T T T T T
R i

Angle of Bend or Central Angle (a Degrees)
L)

10

9

8

7 -2

6 b

5 "

4 [
_-I

3 -
[ 3
by

2 g

Draw a straight line through the two known points. The answer will be found
at the intersection of this line with the third scale.
Example: For a 6-in. radius and 45-deg. bend, length of arc is 4.7 in.
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CHARTS AND TABLES 3

CHORDAL HEIGHT AND LENGTH OF CHORD
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0
Draw a straight line through the two known points. The answer will be found
at the intersection of this line with the third secale.
Ezample: Length of chord is 3 in., and radius of eircle is 4 in. The height h of
the chord is 2.9 in.
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4 HANDBOOK OF MECHANICAL DESIGN

LENGTH OF MATERIAL FOR 90-DEG. BENDS

Aa shown in Fig. 1, when a sheet or flat bar is bent, the position of the neutral plane with respect to the outer and
inner surfaces will depend on the ratio of the radius of bend to the thickness of the bar or sheet. For a sharp corner,
the neutral plane will lie one-third the distance from the inner to the outer surface. As the radius of the bend is
increased, the neutral plane shifts until it reaches a position midway between the inner and outer surfaces. This
factor should be taken into consideration when calculating the developed length of material required for formed pieces.

The table on the following pages gives the developed length of the material in the 90-deg. bend. The following
formulas were used to calculate the quantities given in the table, the radius of the bend heing measured as the distance
from the center of curvature to the inner surface of the bend,

1. For & gharp corner and for any radius of bend up to T, the thickness of the sheet, the developed length L for

» 90-deg. bend will be
L= Lms(ﬂ +§)

2. For any radius of bend greater than 2T, the length L for a 90-deg. bend will be

L-l.5’fﬂﬂ(.‘t+;)

3. For any radius of bend between 1T and 27T, the R=Inside rodius T=Stock thickness
value of L as given in the table was found by interpolation. T . T

The developed length L of the material in any bend “[PE 13 W_T rghi ! I"%
other than 90 deg. can be obtained from the following | ° A=
formulas: ‘l » l R

1. For a sharp corner or & radius up to T': -{_— :

L=00175{R + ) xd of bend L
( ;) - Sharp corner  R=Tor jess R=1Tta2T R=2T or more
2. For a radius of 2T or more: Fua. 1.

L -0.01?5(!! +%.) » degrees of bend

For double bends as shown in Fig. 2, if By + R, is greater than B:

X = +/2B(R, + B — B/2)
With Ry, Ry, and B known:
Ri+ R:— B
LS T
L = 0.0176(R: + R.)A
where A is in degrees and L is the developed length.
If By + Rs is less than B, ss in Fig. 3,

Y = Beosec A — (B, + Ri)(cosec A — cotan 4) Fic. 2.
The value of X when B is greater than By + R; will be
X = Beot A 4 (R: + Ry)(cosec A — cotan A)
The total developed length L required for the material in the straight seetion plus that in the two ares will be
L =Y + 00175(R; 4+ Ri)A

To simplify the ealeulations, the table on this page gives the equations for X, ¥, and the developed length for
various common angles of bend. The table on following pages gives L for values of R and T for 90-deg. bends.

EQUATIONS FOR X, ¥, AND DEVELOPED LENGTHS

"‘“::_"" X ¥ Developed length
15 3.782B + 0.132(R, + R) 3.864B — 0.132(R: + R) 3.864B + 0.180(R, + Ry)
2234 24148 + 0.100(R, + Ry) 2.618B — 0.199(R, + Rj) 2.6138 + 0.104(R; + Rs)
30 1.732B + 0.268(R, + Ry) 2.0008 — 0.268(R; + Ry) 2.000B + 0.256(R, + Ry)
45 B + 0.414(R, + Ry) 14148 — 0.414(R, + Ra) 1.414B + 0.371(R: + Ry)
60 0.577(B + Ry + Ry) 11558 — 0.577(R: + Ry) 1.155B + 0.470(R; + Ry)
7% 0.414B + 0.868(R; + Rx) 10828 — 0.668(R, + Rs) 10828 + 0.510(R; + Ry)
75 0.268B + 0.767(R: + Ry) 10858 — 0.767(R, + Rx) 1.035B + 0.542(R; + Ry)
80 Ry + Ry B—-R— R B 4+ 0.571(R: 4+ Ra)
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1.792 | 2.184 | 2.8577
1.816 | 2.209 | 2.002
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1.982 | 2.406 | 2.798

1.004 | 2.350

1.841

1.500
1.622
1,634
1.548
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0.515 | 0.837 | 0.741
0.720 | 0.818 | 0.018

o
0

4 | 0.523
1| 0.540

0.474 | 0.524 | 0.572 | 0,622 | 0.720 | 0.518

T
AR

0.376 | 0.425 | 0.474 | 0.520 | 0.643 | 0.750 | 0.8060
0.507 | 0.556 | 0.005 | 0.054 | 0.753 | 0.851

0.793 | 0.442 | 0
0.400 | 0.458 | 0
AR5 | O

442 (0

o
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0.219
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0.281
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0.3756
0.438
0. 500
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8 HANDBOOK OF MECHANICAL DESIGN

AREAS OF CIRCULAR SEGMENTS
50

7000
5000
3000
2000

ra

o
3

Illlrrl"l

|+

! L000

7 iH ?"
P 500

300
A= 001745 R%arc cos Tt~ (RHIWVATZR-H) - 909

Mote: The angle isexpressed in degrees

€ 88~

100

=]
a

&

\

&
sl sl -

Rodius R

\

R
\
Area A

Ratio 'E
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wn

8

Q15
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003
Q02
Draw a straight line through the two known points. The answer will be found

at the intersection of this line with the third scale.
Ezxample: For a 10-in. radius and H = 4.0 in., H/R = 0.40 in. Area A = 46

8q. In.

— 0.1
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CHARTS AND TABLES 9

VOLUMES IN HORIZONTAL ROUND TANKS WITH FLAT ENDS
30

slurning line
#

Notes: Bhift decimal point on volume
scale two points for a one-point shift on
diameter scale; one point for a one-point

L5 shift on length scale.

Ezample: Tank is 6 ft. in diameter and 15 ft. long. H = 0.9 ft. H/D = 0.15. Join 0.15 on
H/D scale with 6 on diameter scale. From point of intersection with turning line, draw line to
15 ft. on the length scale. The volume scale shows 300 gal. If D had been 0.6 ft., H 0.09 ft.,
and length the same, the answer would be 3.00 gal.
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Diameter, Ft. /
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HANDBOOK OF MECHANICAL DEBIGN

VOLUMES IN VERTICAL ROUND TANKS WITH FLAT BOTTOMS

10

wn

TrIYrrITIT)

LA S B B I A R B AR A

Volume, Gal.

6000

4,000

100

Draw a straight line through the two known
points. The answer will be found at the
intersection of this line with the third scale.
In reading the answer on the volume scale,
shift decimal point on volume scale two places
for one-place shift on diameter scale, and
one place for one-place shift on height seale.

Ezample: Diameter of tank is 4 ft. Depth
of liquid is 2.5 ft. Volume as read is 230 gal.
If diameter of tank is 0.4 ft. and depth 2.5 ft.,
volume is 2.3 gal.
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CHARTS AND TABLES 11
VOLUME, WEIGHT, AND COST CHART
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SR e % : 40 E:
-1 0256 Eﬁ*thm 07 = ___s0— % E-7
50~ \ 30 E
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® 9 \‘A\ =
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£ ? 4 N, E
= 5 ) N, E
404 439 : M
= 3 ug -
= z 60— 2 =
= 50 4 E:
2 I =
B t 3 bk
3 :-tH g k] f_._..l...;
= — =
[ - 0 ® 2~ [
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E a2 i
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ao3 2
B = 15
L 005 Fiber - a0 g b
B ] - 13
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= 0006
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Ezample: For 234 in. round or 25§ hex, pieces 4 in. long, draw lines A, B, and C, points a, b,
¢, d, e, f, and g being located in alphabetical order. For & rectangular section 0.2 in. thick by 3 in.
wide, line a'b’ gives equivalent circular or hex bar at ¢’. Then proceed as with round or hex bars.
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Caer-iroN FLYWHEEL
A, Wai;htagnrinchoi length, from table:

WEIGHTS OF CYLINDRICAL PIECES
EXAMPLE OF PROCEDURE

6 = 765.0 Ib.

32-in. dismeter eylinder = 208.0 Ib.
i ta{)g i = 81.51b,
ifference = 127,

20-in.

Weight of element A = 127.5

= 71.51b.

1, from table:
linder = 81.5 Ib.
linder = 10.0 Ik.

h of len
oy
Di?’m

2. di
7-in. di

Weight of element B = T1.5 X 23 = 143.0 Ib.

B. Weigh
C. Weights per

e

:
! 3
Jadxa
sgeaaty
i
i
1] 3
b o

WEIGHTS OF CYLINDRICAL PIECES, POUNDS PER INCH OF LENGTH

Alumi-

num

et
258

Bronse

4 hH

Common

brase

]
o )

8388

Wrought

iron and yellow
steal

rowe

£825

112.0
118.7
121.6

108.7

Cast iron

98.9
103.5
108.0
1.7

124
134

alar

234
Fx11

Alumi- Diam-
num
0.291

0.550

g2
EPT

Commena

brass

15. 150
16,130
17.130
18. 100

3823
CEEE

Wrought

steel

14.120
15.020
15.960
16. 900

2533
ssss

Caat fron | kron and yellow Bronze

13.060
13.508
14,754

15.634

g338

Rafd

1 M-
eler

84
a4
8%

10

1034
1034
103

1%

1

www.EngineeringBooksPdf.com



13

HE

410

Bronze

£8RS

LT

Common

EA8
———

]
AN

iron and yellow
nteal brass

Wrought

-0

Dism- | cupt fron

Alumi-
num

122
125
128
131
160
17
174
178
182
185
212
8

CHARTS AND TABLES

Bronza

m

219
226
234
422
443
453
510
s

B4
604
a8
6841

yellow
Brnas

Common

190
208
213
b=

481
401
503
513

fron and
wteel

Wrought

186
192
198
05
212
218
228
231
448
458
485
477

WEIGHTS OF CYLINDRICAL PIECES, POUNDS PER INCH OF LENGTH (Confinued)

Caat iron

177
153
180
198
202
216
311
3
336
414
433
442
451
481
471
481
4851
501
511
521

172

Diam-
eter

)
anyg
3
3134
ATk
. ]
g
4044
45
4034
47
a7y
484
40k
044
51
5134
5234
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p-MNumber of Pleces per Pound

HANDBOOK OF MECHANICAL DEBIGN

UNIT AND TOTAL WEIGHTS

A
10 = 0.10

- 0.12

7—\'- 0.14

»
tn
]

'S
|

— 0.27 ¢

W
n
|

— 0.30

<}
|
|
o
[
(3, ]
w-Weight per Piece

G5 w
| (I R
|
[ =]
B

407 Draw a straight line
through the two known

g points. The answer will be

2 4% found at the intersection of
B this line with the third scale.

4 Ezample: Given 7 pieces

- per pound or 0.143 lb. per

|=l= 10 piece; 15 pieces weigh 2.15 Ib.
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L
| L L L AR L |

> &
] |

4
L5
1

w B
|

W-Total Weight in Pounds
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WEIGHT AND VOLUME

15

100 100 -
a3 Xoo09z,
0.80 90 Alurminum
070 1
060 080 -
0.50 Q70
- 40065 Mognesium
035 060 -
8
Q.30 g
0.27 Mere a5 4
025 “Y 82 3005 Fiver
022 =
020 3 045
o7 & =
040 < 3
al5 E Monel mefal o
= ' 8 o
o kel % =
el 35 8 o Phos. bronze | | 035 715
—_ = l. ‘E
5L s £ ~032 4=
| P LT Bross 03f-==--==---4 &
=3 "5; 009 o Q30 g
g ’g Q08 E Steel 0285 ----- D-. 2-_;--
227 = Castiron .
£ o5 I e MM:}W}Mﬂ"EEE.‘-
54006 >
99 005 "E_._ 022
w5
— 2 004 = 020
= 17 Q030 Q17
- Q025 d
L 15 ai5 -
R 0020 4
- aol5 a2 -
— 1 Q.010 Q10 -
Draw a straight line through the two known points. The answer will be found

at the intersection of this line with the third scale.
Ezample: 4 cu. in. of aluminum weighs 0.37 Ib.
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L=

un

I- Moment of Inertia in Weight Units
s

HANDBOOK OF MECHANICAL DEBIGN

MOMENT OF INERTIA OF A PRISM ABOUT THE AXIS aa

L]
-
-
S g S et R
ty
0

[
w—
&

b- scale in inches

‘i I= % (hf+b?)
L75 W= WeigM

Q The decimal poinfs on the 1and W scoles
li b can be shifi .r#mﬁavmm‘fg In the above

i.' arn efc, while 1= £77
125 l #?efc respua#w

’
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CHARTS AND TABLES 17
RADIT OF GYRATION FOR ROTATING BODIES
; ' Cylinder
R' - :_' r- ,-_—_,, lbo'l.ll i + &‘
2 i B axis Rl = 5
through
= center
¥y =+ rt . Cylinder
Rt = —!‘2—3 et abo_ut 41 4+ 3
m axis Kt =
12
C - at one
end
! »
bt 3 : erllnder
m-% ' about |o, _ 4I* + 3% + 124l + 1249
outside 12
n Any body about axis outside
its center of gravity
4 ot Ry = RY + d*
R == where Ku = radius of gyration
about axis through
@ senter of gravity
enitrd g R, = radius of gyration
f;; ; hﬂﬁ:}kf’ about any other
qovty mfafion parallel axis
R,_ib‘+c’+12ﬂbd+13d‘- d = distance between
12 center of gravity
and axis of rota-
tion

APPROXIMATIONS FOR CALCULATING MOMENTS OF INERTIA

NaMme oF Parr
Flywheels (not applicable to belt pulleys)

Flywheel (based on total weight and out-
side diameter)

Spur or helical gears (teeth alone)

Spur or helical gears (rim alone)

Spur or helical gears (total moment of
inertia)

Spur or helical gears (with only weight and
pitch diameter known)

Motor armature

MomeNT OF INERTIA
Moment of inertia equal to 1.08 to 1.15 times that of
rim alone

Moment of inertia equal to two-thirds of that of total
weight concentrated at the outer circumference

Moment of inertia of teeth equal to 40 per cent of that
of a hollow eylinder of the limiting dimensions

Figured as a hollow cylinder of same limiting dimensions

Equal to 1.25 times the sum of that of teeth plus rim

Moment of inertia considered equal to 0.60 times the
moment of inertia of the total weight concentrated
at the pitch circle

Multiply outer radius of armature by following factors

(based on total weight and outside diam-  to obtain radius of gyration:

eter) Large slow-speed motor.................. 0.76-0.85
Medium speed d-c or induction motor... .. 0.70-0.80
Mill-typemotor. . ..........cooveniinnss 0.60-0.65
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Moment of Inertia in Lb-In* About other Porallel Axis
& 8 5§ 8 &8 8 & 8
| | l 1 | 1 1 1

m-l

35-

lm_l

ﬁ-

75

a5 075 | 12 L4

HANDBOOK OF MECHANICAL DESIGN

CHART FOR TRANSFERRING MOMENT OF INERTIA

I=I,+WX?

To use chart, draw two mutually
perpendicular lines on & sheet of trans-
parent material. For example, the cross-
lines show that, when the weight of the
mass is 12 lb., its moment of inertia I,
about a given axis is 30 Ib.-in. squared
and the distance to another parallel axis
is 2.5 in.; then the moment of inertia I
about the second axis is 105 |b.-in. squared.

X-Distance Between the Porallel Axes-in Inches
617 18 19 2 21 22 23 24

\

\

Moment of Inertia in Lh.-ln.zahou\gfven Axis

45
50

—55

L]
LSEEE.THE.‘?J

B L L . T L T L L L
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WR' OF SYMMETRICAL BODIES

19

For computing WR* of rotating masses by resolving the body into elemental shapes. See

page 208 for effect of WR® on electric motor selection.
1. Weights per Unit Volume of Materials.

WeranT, Ls,

MaTERIAL rer Cu. Ix.
T T e L N st i S R A S AT 0.280
Cast-iron castinga of heavy section v, flywheelrima. ... ... ... ... ...... ... 0,250
e csm ot b S R R A b R R e e 0.410
D DTt oo T A e A T A s RS T o e 0.318

Nole: p in puundl per eubie inch and dxmmm in muhu give WR* in lb.-in. lquuud.
2. Cylinder, about Axis Lengthwise through the Center of Gravity.
Volume = EL(D', - D%)
(a) For any material:
1= L | E— 4

where p is the weight per unit volume.

T (b) For cast iron:
9"‘5‘: 0 E‘iﬁ -9 _ L(D% — D*)

ey WER* = =—253

(c) For cast iron (heavy sections):

_ L(DY — DY)
W 40.75
(d) For steel:

L(D% — D%)
T 360
3. Cylinder, about an Axis Parallel to the Axis through Center of Gravity.
Volume = ;L(Dﬂ — D%y

(a) For any material:

WRs = L a0y - D) (22 4 )
(b) For steel:

WR'. ., =

WR* =

(D* — D)L (D* + D
50 ( — "')

4. Solid Cylinder, Rotated about an Axis Parallel to a Line that Passes through the Center of

Gravity and Is Perpendicular to the Center Line,
Volume = 7 DL
(a) For any material:
| D!
WR’... = § DLy (‘%‘5 + 15+ r’)
(b) For steel:
D‘L

WRe = 2o (35 + 15 +r’)
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5. Rod of Rectangular or Elliptical Section, Rotated about an Axis Perpendicular

to and Passing through the Center Line.
Volume = K.abL

For rectangular cross sections:
= Ha; K,=1

For elliptical eross sections:
K, = 614', K, = ;
(a) For any material:
L!
WR. = pabli {Ks[% 4 ritrs + 1) | + Kot}
(b) For a cast-iron rod of elliptical section (p = 0.260):

2 2
WR. . = %[% + r(ry + L) + ‘11_6]

8. Elliptical Cylinder, about an Axis Parallel to the Axis through the Center of
Gravity.

Volume = ;a,bL

(a) For any material:

2 2
WR?. . = 7 abL (“—1“;1 i f=)
(b) For steel:
_ ﬂ(“__’ + b s)

7. Cylinder with Frustum of a Cone Removed.

=L 3 = 2 _ Dt
Volumemm[ (D* — D,)— (D D.)]

WE'es = gprpy (5 04 — P = 7 (04— D49

] 1 ns i
Volume = m[ (D* — D%) — —(D Dii)]

oL A 1
WRY,, = m Dy (pu, — Dty (D' D‘,}]
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9. Solid Frustum of a Cone.

_ =L (D* — D%)

Volume = 12 (D, = Dy
o — ﬂ'P__E (DIH == D‘:)
WE'es =160 (D, = D)

10. Chamfer Cut from Rectangular Prism Having One End Turned about a
Center.

Distance to center of gravity:

o BB ML
""wmmex{z—A):;A A.+3)
B* 33 "
5 B
+ g s (344 — m’+1)---]

Volume = (f}ili) {(A" - 24 4+ 1) + 5 2 [log. - (1 - A)]
1 B 1 B )
+ 404 AT — 34 + 1)+ g T (AP — BA L ) -
where A = R*/R, B =C/2R,
. _ _ PRYB _ _
WR'., = — GB% {44~ 44 + 3) + Bra? — 24 4 1)

9 1 5 B
+Tﬁ3‘[log.3 -1 - A)] +ag 24T =34+ 1) + - - }

11. Complete Torus.

Volume = »*Dr®
WR,y = “227 (D + 31
Volume = 2 .S r)

S
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13. In:id.ePu:rto!lToma.

3

s (B2 - ) oG- )

Volume = 2#r* 'TD — gr)

= 2sin—1%deg.

Ra C [, O
Area = yamo —s V' — T
(a) Any material:
Ra 1{(..,., CAC ¢
WR'se = oT [zm “(3*‘ = ?’)ﬂf‘“ T]
(b) For steel:

WR'. . = 5o |y — L C’) m]

15. Circular Segment about Any Axis Parallel to an Axis through the Center of
the Circles. (Refer to 14 for Figure.)

WR*._. = WR'._, + weight (r* — r%,)

16. Rectangular Prism about an Axis Parallel to the Axis through the Center of
Gravity.

Volume = WLT
w-1T (a) For any material:
B4 2
: wet,, = Wi (EL y‘)

g i 3

S (b) For steel:
g e _ WLT (W' + L? ,)

WB'w=353a\ 12 TV
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CHARTS AND TABLES 23
17. Isosceles Triangular Prism, Rotated about an Axis through Its Vertex.

Volume W_C_I;_I
. _ pCHT (IE_C

through the Vertex.

Volume = EI;—T
: ] )

19. Prism with Square Cross Section and Cylinder Removed, along Axis through
Center of Gravity of Square.

Volume = L(H’ - !%

WR?, , = ’3—2 (1.697H* — D%

20. Any Body about an Axis Parallel to the Gravity Axis, When W K* about the
Gravity Axis Is Known.

g ‘Y—E}—rs
: T o WR*, . = WR*,_, + weight X r*

i
I

b5 >

21. WR? of a Piston, Effective at the Cylinder Center Line, about the Crankshaft
Center Line.

WR® = r=W,,@ + g%)

where r = crank radius W, = weight of complete piston, rings, and pi
L = center-to-center length of connecting o
rod
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22. WR* of a Connecting Rod, Effective at the Cylinder Center Line, about the
Crankshaft Center Line.

wm=r{wr+wié+§9]

where r = crank radius W = weight of the upper or reciprocating part
L = center-to-center length of connecting of the rod = Wel,/L
rod W = W; + W4, the weight of the complete rod
W, = weight of the lower or rotating partof L, = distance from the center line of the crank-
the rod = [We(L — L))}/L pin to the center of gravity of the con-
necting rod

23. Mass Geared to a Shaft.—The equivalent filywheel effect at the shaft in
question is

WR? = h*(WR?)'

where h = gear ratio (WR?) = flywheel effect of the body in question
_ rp.m. of mass geared to shaft about its own axis of rotation
r.p.m. of shaft

24. Mass Geared to Main Shaft and Connected by a Flexible Shaft.—The effect

(WRY)' (X~ Driven geor of the mass (WR?)’ at the position of the driving
gear on the main shaft is
h*(WR?)'
= = { R CCUR e, Yo
Main shatt WR e WEYT:
. Driving geor 9‘.7?50
where A = gear ratio J = natural torsional frequency of the shafting
_ r.p.m. of driven gear system, in vibrations per sec.
~ r.p.m. of dniving gear C = torsional rigidity of flexible connecting
(WR?) = flywheel effect of geared-on mass shaft, in pound-inches per radian
26. Belted Drives.—The equivalent flywheel effect of the driven mass at the
PO— L —--------\ driving shaft is
h*(WR?®'
-7 WR? =
L/ 1 - WEOF
9.775C
oy Ty
where h = Ri/R C = R'AE/L oo
r.p.m. of pulley belted to shaft A = cross-sectional area of belt, in sq. in.
= r.p.m. of shaft E = modulus of elasticity of belt material in
(WR?)' = flywheel effect of the driven body tension, in Ib. per sq. in.
about its own axis of rotation R = radius of driven pulley, in in.
f = natural torsional frequency of the L = length of tight part of belt which is clear
system, in vibrations per sec. of the pulley, in in,
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26. Effect of the Flexibility of Flywheel Spokes on WR? of Rim.—The effective

WR? of the rim is

where (WR?®)' = flywheel effect of the rim

J = natural torsional frequency of
the system of which the fly-
wheel is & member, in vibra-
tions per sec.

C = torque required to move the
rim through one radian relative
to the hub

(WR?)'
_ (WRYF
9.775C

12,Eka*hR R
e =8 33 i A )

where g = number of spokes
E = bending modulus of elasticity of the

WR? =

spoke material
k = =/64 for elliptical, and k = }{, for
rectangular section spokes
All dimensions are in inches.

For cast-iron spokes of elliptical section:
E = 15 X 10° Ib. per sq. in.

ga®bR X 10° i
C = o1 (33“'1, )r‘adians'

Note: It ia found by comparative caleulations that with spokes of moderate taper very little error is involved in
assuming the spoke to be straight and using cross section at mid-point for area ealeulation,

lb.-in

TYPICAL EXAMPLE

The flywheel shown below is used in a
Diesel engine installation. It is required
to determine effective WR? for calculation
of one of the natural frequencies of tor-
sional vibration. The anticipated nat-
ural frequency of the system is 56.4
vibrations per sec.

Note: Since the beads at the ends of the spokes comprise
but & small part of the lywheel WR?, very little error
will result in assuming them to be of rectangular cross
section. Also, because of the effect of the clamping
bolts, the outer hub will be considered & square equal
to the diameter. The spokes will be assumed straight
and of mid-point cross section.

Part i
of iy | Formula WER:
wheel
(@) e = {ﬂi&_;s G2 - 965,300
) % 2.375[“3:"‘2— @] _ 67,000
16a
ne;lectm —=0.250 x
(e) (u~+1. x 1375(25)= xa = —6,000
Total for rim = 1,016,300 lb.-in.
squared
8 % 525){25){11[{[1}'
4.00 3
+8.5(85+11) 4 5B ]-m
2.625[(17)* — {13}']
o) 2 392 =N
o) 10 r X D.'-;:I] X 12
[1.697 X (18)* — (6)'] = 13,900
Total for remainder of fiywheel
= 54,400 |b.-in. squared

From formula (26)
¢ = 6 ¥ (5.25)" ¥ 25 X 19.5 x 100

01132 X (11)*
1 195 Ib.-in,
Fx1e5 T 11 ’) =X 10 e
T 1,016,300

1,015,300 X (56.4)3 T o440
B.TT5 X 2,970 ¥ 10*
= 1,107,000 Ib.-in. squared

1 -
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HANDBOOK OF MECHANICAL DESIGN

CHART FOR DETERMINING CENTRIFUGAL FORCE

421150,

F = 0.000341WEn?*

W= Weight of Revolving Body in Lb

g
cEERI R B

— 100

Draw mutually perpendicular lines
on tracing cloth or celluloid.

Ezample: A 4,000-1b. body at a
radius of gyration of 20 ft. rotating
at 4 r.p.m. develops a centrifugal
force of 440 Ib. (approx.).

LI l Illl T I L] I Illllll|l|IIlIIIlllllllllllllllll'lllllllIII'III]II

3

4 56 8 10 5 2 30 40 5060 B0 00
R= Radius of Gyration in Ft
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10,000

6000

4,000
3000

Pin Ib.
3 & 588 88

-

82 ¥ 888 28

s

CHARTS AND TABLES

FORCES IN TOGGLE JOINT WITH EQUAL ARMS

0
=
'-

al 02 03 040506 08 | 2 3 4 56 B W
hinin.

27

“ oo o3 B 8 388 83
Fin b,

-]

Ezample: Use mutually perpendicular lines drawn on tracing cloth or celluloid.
In the example given for S = 10in. and k = 1in., a force F of 10 Ib. exerts pressures P

of 25 1b. each.
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ACCELERATED LINEAR MOTION

= = = = (7
™ 28 T W
2 3 4 5 6 T A Ilq 0 20 X 40 5 60 80 100 120 KO
FEPTETPITR NPWPTTTET] FTTHT PTTT [TTI 100 OP  FPP FYTT (TN | PO [NPUNPRTETY [TTTTTTIT] VRPN WOl [PPPY TRPTL [VRT IO Vo W0l IWPY TPV PO VO I 0 DU |
V . per sec.
- 1000 10,000
— 900 9000
;500 £000
25 —?'Oﬂ 7000
3 b'-GOO 6000
=20 Eso0 5000
15 400 =4000
E F300 3000
14 E ]
g f
=8 L 200
. F 56 410 20| 30 40 60 80 00 200 300 500 2000
-6 3 SFt.
s F
. i a
4 Foo %, 1000
E = %0 900
—3 = B0 90°. ? 800
3 70 . . 'u’ 700
P == Turning point* 600
-2 - 50 500
ETG pa =400
— 30 =300
= | z | 2 3 4 516 789K 15 20
=09 3 | NPT TUWT 1o L TP TR (o 1o PP IR (et 1S e L . 3
— 08 20 T Sec. b
o | ; 200
tnﬁ 3 g
o5 E
P E
., per sec. .
~ 0 =~ 100
per sec FLb. WiLb,

* = turning point
V = wvelocity at time T, in ft. per sec.
8 = distance passed through, in ft.
T = time during which force acts, in sec.
F = accelerating force, in lb.
W = weight of moving body, in Ib.
G = constant scceleration, in ft. per sec.
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MEAN COOLING TEMPERATURE

Where Yy and Yg are any fwo ordinafes fo
the curve Y=oe ™™ the usual form of cooling
curve Ihe mean value Yy of oll the ordinafes

5? MYAWYB.&QMHWM;N‘}bfbn
A TB
Log meon Vi o Ya-Log Ya

00

%
%
;

.-'mm !50 Ffama’sga"hmraf
the mearn J!"
mperoture mmxs 80

fhe meon
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10 — 100

CHARTS AND TABLES

SOLUTION OF OHM'S EQUATIONS

s

§

|ll||| L1l

L

g8 &
hnllll ]

Draw a straight line through the two known points.
The values of the two unknowns will be found at the
intersections of this line with the other two scales.
Use boldface scales or lightface scales according to
position of decimal point.
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TOTAL RESISTANCE OF PARALLEL CIRCUITS

Ry = 1
1 1 1 1
ETRTETET

For convenience, list the resistances of the different parallel cireuits in descending order
of magnitude. Locate E; on the disgonal scale and conneet it with R; on the hori-
sontal seale. The total resistance is found at the intersection with the Total Resistance
disgonal. For more than two parallel circuits, project horisontally from the intersec-
tion point on the Total Resistance diagonal to the disgonal Resistance R,, draw a
line to Ry on the horizontal scale, and the answer will again be found at the
intersection with the Total Resistance disgonal. Repeat successively for &
additional resistances R,, Ry, ete,

The light dashed lines indicate the procedure for finding the total
resistance of five parallel circuits, B, =100, B, = 60, R, = 40,
Ry = 30, By = 25. The answer as given by the chart is 8.0.

Conversely, the resistances of individual parallel eir- %
cuits to give a desired total resistance can be determined
from this chart.

I q,-;#éf‘ |
; [ /
oy /

50 60 70 80 %0
Resistances, Rg,Rz,R4 ...
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SELECTION OF MATERIALS

The universal problem in engineering design is the selection of the materials from which the
various parts of the device, machine, or product are to be made. It is also the first problem because
the material selected will govern the allowable stresses, the types of construction that might be
adopted, the manufacturing methods employed, the assembly operations, the finishes that might be
applied, and, of greatest importance, the cost and sales appeal of the product. In many designs,
the commercial success or failure will be determined definitely by the materials selected.

In practically every design, the physical and other properties required will determine which
materials might be used. But the relative importance of the different properties will vary consider-
ably for different types of design. The unit strength of the material is practically always a factor
though often a minor one.

For constructions subjected to only a steady tension, the yield point on the stress-strain curve
or the yield strength of the material, i.e., the unit tension it can withstand with a specified elongation,
will be the first consideration. But for a compression-loaded column, both the tensile strength and
the elastic modulus must be considered. For vibratory or repeated stresses, the endurance limit of
the material becomes the governing strength consideration, whereas for low-temperature service and
shock loads the impact values are of great importance. And, of course, there is also to be considered
the compressive strength or the shear strength, according to the type of stresses to which the mem-
ber will be subjected.

In addition to the unit strength considerations, any one or a group of almost innumerable other
properties must be considered. If, as in most machine tools, it is important to have little or no
vibration, a material with a high vibration damping capacity, such as cast iron, might be considered
first. Hardness, wear resistance, porosity, and ductility are some of the other properties that may
be of major importance.

In addition to physical properties, corrosion resistance, heat conductivity, electrical condue-
tivity, dielectric strength, frictional properties, and many others may enter into the problem.

There is no formula or equation by which the most suitable material from the standpoint of
properties can be selected. Nor is it always advisable to use the material that has the highest values
for the properties desired. Invariably the final selection must be a compromise largely because two
other important factors enter into the problem, namely, the workability of the material and its cost.

When a number of different materials have been selected, each of which possesses the desired
propertiea to a satisfactory degree, the next step toward the final selectionis the determination of
the manufacturing methods that might be employed. Aluminum, zine, and many of the non-
ferrous alloys naturally suggest die-casting, stamping, and forging. Iron, steel, aluminum, and some
other metals offer great possibilities by virtue of their weldability. Casting is suitable for almost
all metals and alloys. Plastics are mostly molded; some are sheet-laminated or are in the form of
sheets; a few are extruded. To mention only a few other manufacturing processes, we have impact
extrusion, die extrusion, drawn shapes and rolled shapes, and roll-formed sheet sections.

After it has been determined what types of construction might be used, the design must be
analyzed with reference to such things as the use of inserts, consolidating different parts into one
piece, use of standard purchased parts, and similar possibilities,

Hand in hand with the types of construction that might be employed are the costs of machining,
grinding, and other operations, which will vary greatly. Included in this category may be punch-
ing, hand reaming, riveting, buffing, and polishing.

Not until all the factors discussed above have been studied closely and analyzed should any
consideration be given to the cost per pound of the material. A complete analysis may often reveal
that aluminum at 30 cts. per Ib. or zinc at 10 cts. per lb. is cheaper to use than gray iron at 5 cts,
per b,

A eomplete analysis of all the items to be considered in the selection of materials and the associ-
ated problems of types of constructions and workability considerations would require volumes and
even then would obscure the problem rather than clarify it. In the final analysis, nothing can be
substituted for clear engineering thinking based on broad experience and knowledge.
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CAST IRONS
GRAY TRON
Pen CenT
Cuemical. CoMPOSITION BY WEIGHT
Graphiticearbon. . ............ ... ... ... e 2 -3
Combined carbon..............co0viionn T R cieieoe.. 0.8 max.
O e e U s, et e o e el el T T e B AR O 93.7 -04.3
Bilicon. ...o.ooi i N ———— 0.25- 0.3
BUIDIUE. . o o e eeeene e eee e e s eienie e e e e e e e e e e et e 0.07- 0.12
Phogphionis. . sisssiv s s 60 ss 5 v smninsasmns semnmsmnissnssssemns (0530 105
AVERAGE Prysical PROPERTIER Ls. rER Sq. IN.
Tensilestrength. .. . ...ttt naarnn 21,000~ 42,000
L T 4 1 T T ———— 36,000~ 60,000
Compressive strength. ... ... .. viiciataaiiimm i 70,000-200,000
Modulus of elasticity............ ..o 15,000,000
Gray iron ordinarily is easily machinable.
‘WHITE IRON
Per CenT
Cuemical COMPOSITION BY WEIGHT
AR DAEION.: v i v e A R A A MR A M A Trace
Combinedearbon..................c.o0cn.. e T e e v e s ey 3.30
Irom....covvvvennonn.n. e e 94.93
BRRIAIINA i i s Pt T B R ST T P T A i 0.60
O R v v M s T o A T A S 25 35 e T R i 0.52
71 3] 11 0.15
PRSIV cacicin o 5w s o 5w S R S o S TR R R 0.50
AveraGE Prysical PROPERTIES Lz. rer 8q. IN.
TRt BN .. .« o cocnvssaignn om A 20,000-70,000
Modulus of glasticity: oo s cimmariino e inm s v 20,000,000

White iron is difficult to machine. When not heat-treated, white iron has great
resistance to wear by abrasion.

MOTTLED IRON

Per Cent
CremicaL CoOMPOSITION BY WEIGHT
Graphitic onThoB: « o coooiiise s v e R R  a 1.50
bt e v R S R R R e e e T A e R s e 1.80
B e e ... 95.
BIRoom . covammmi s s e S R e e e veee 0,92
IVIRRERATMEE. s e s S s e e a ar S S aana ceo... 0.36
Sulphur............. SN O | - |
Phosphorus. .. ... e 4 e S T O B M T T DR S R R 0.22

Mottled iron is a mixture of gray iron and white iron.

Chilled cast iron are those parts of castings which after pouring are cooled
quickly by chills in order to retain the carbon in the iron carbide form found in white
iron, whereas other parts of the casting cool slowly to form gray iron.
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ALLOY CAST IRONS

To obtain exceptional properties such as high tensile strength, hardness, wear resistance, corro-
sion resistance, and heat resistance, many alloys of cast iron with other elements have been developed.
The effect of various alloying additions are indicated in the accompanying table.

EFFECTS OF ALLOYING ADDITIONS ON CAST IRON

Addition Effect on mechanical properties Comments
Bismuth Reduces tenaile strength Improves machinability
Lowers Brinell hardness in interior sections
Low impact resistance
Chromium See page 38
Cobalt No useful results Increases remnant magnetism and magnetic
permesbility
Capper Increases tensile strength Increases remnant magnetisin and coercive force
Incressea Brinell hardness
Increnses wear resistance
Increases antifriction properties
Incresses shock resistance where there is sliding
friction
Inerenses resistance to heat
Increases resistance to corrosion
Manganese Increases tensile strength Decreases machinability when in excess of 1.25
Increases resistance to wear per cent
May increase machinability within the limits of
0.40 and 1.00 per cent
Molybdenum | Increases tensile strength Increases machinability by promoting structural
Increases hardness uniformity
Improves impact resistancs
Improves fatigue charncteristics
Improves wear resistance
Maintains strength of irons at elevated tempera-
turea
Nickel See page 38
Phosphorus | S8mall quantities do not affect the tensile strength. | One of five principal elements in cast iron
With increasing phosphorus, resilience and shock | Increase of phosphorus reduces machinability
resistance decrease, but Brinell hardness and | Phosphorua in pressure castings should be kept
stiffneas increase under 0.3 per cent
Silicon Hardness increases with increased ailicon Classified as & graphitizer and as s reducing agent
With 4 per cent silicon, alloy becomes brittle with
little ability to elongate without fracture, with
tensile strength of about 90,000 1b. per sq. in.
Large amounts of silicon make an alloy that is acid
and corrosion resistant
Titanium Increases the tensile and bending strengtha, also | Reducing snd graphitising agent. Improveas
wear resistance machinability
More than 0.1 per cent increases acid resistance
Vanadium Increases tensile strength, hardness, wear, and

heat resistance. Heat-treating improves hard-
Ness
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EFFECT OF ALLOYS ON CAST IRON

280 —f
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E 220 -
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0 050 100 150 200 250 300
Alloying Elements-Per Cent

Effect of alloys on tensile strength and Brinell hardness of an electrically melted
base iron containing 3.24 per cent total carbon, 0.67 per cent combined carbon, 2.57
per cent graphitic carbon, 0.71 per cent manganese, 1.88 per cent silicon, 0.17 per

cent phosphorus, 0.09 per cent sulphur with an initial tensile strength of 39,000 Ib.
per sq. in., and Brinell hardness of 217. (American Foundrymen's Association.)
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EFFECT OF NICKEL AND CHROMIUM ON CAST IRON

Addition of Nickel.

1. Increases strength and elasticity when composition of the iron is adjusted,

especially the silicon content.

2. Refines the grain and reduces porosity.

3. Increases hardness.

4. Eliminates hard spots and thus improves machinability when nickel additions
amount to ¢ to 4 per cent depending upon the silicon content and section
thickness.

Decreases the amount of silicon needed to keep castings gray and machinable.
Increases wearing qualities.

Improves impact resistance.

Improves heat and corrosion resistance.

. Raises electrical resistance.

Addit:on of Chromium.

1. Improves tensile strength.

2. Refines the grain.

3. Increases hardness. Produces hard spots when used alone or in excessive
amounts.

Increases chilling power, depth of chill, and the combined carbon.
Increases heat resistance.

Increases wear resistance.

Increases corrosion resistance.

. Decreases machinability.

Add:tinn of Nickel and Chromium Together.

1. By using two or three parts of nickel to one of chromium, the chilling action of

chromium is restrained and the beneficial effects of chromium are retained.

2. Increases strength and hardness. Amounts needed to obtain maximum

machining qualities, and also hardness and strength, in eastings of various
section thickness are shown in the accompanying table.
Applications for Nickel and Nickel-chromium Cast Iron.
- Cylinders, cams, gears, hardware, bushings, machine frames, liners, and plates.

i ©®Nom

i 00 N o o

NICEEL AND CHROMIUM IN CAST IRON FOR MAXTMUM MACHINABILITY

Sections }4-14 in. thick Bections 1-3 in. thick
: ; Silicon, per cent
- Chromium, . Chromium '
Nickel, per cent Do Genih Nickel, per cent s ¥
1.50-3.00 | ......... 0.75-3.00 0.20-0.60 1.00-1.50
0.50-2.00 0.00-0.30 0.75-3.00 0.40-1.00 1.50-2.00
0.50-1.50 0.00-0.40 0.75-3.00 0.50-1.10 2.00-2.50
0.50-1.26 0.20-0.50 0.75-3.00 0.60-1.25 2.50-3.00
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MALLEABLE IRON CASTINGS
AVERAGE MECHANICAL PROPERTIES

Tensile strength, Ib. peraq. in... ..o iiiioidiiiiinissnssens 54,000
Yield point in tension, Ib. persg. in.. ... ... 36,000
EIngalion B -0 A0 v oo ss v ovommmsn S e e e S e 18 per cent
Reduction inarea (see note 1)................corrrrrrnnennnnns 19 per cent
Modulus of elasticity in tension, Ib. pereg.in..................oo.... 25,000,000
Compressive strength (see note 2)

Ultimate shearing strength, Ib. per sq. in. (see note 3)................ 48,000
Yield point in shear, ID. DErag. 30, oo cvvivs vmmmaesvanmnssnsms sassnses 23,000
Modulus of elasticity in shear, Ib. persq.in.................... ... ... 12,500,000
Yield point in torsion, Ib. persq.in....... ... ... . _. 4 S i 24,000
Modulus of rupture in torsion, Ib. persq.in.......................... 58,000
Brinell hardness number. . 100-140
Charpy impact value, ft. -lb (nea not.e 4) ............................. 16.5

Wedge test for impact (see note 4)
Fatigue endurance limit (no definite data, probably about 25,000 to 26,000

lb. per sq. in.)
Effect of temperature (see note 5)

PHYSICAL CONSTANTS

Bpecific gravity..... e T RN A A TO T SRR R AT 7.15-7.45

Shrinkage allowance, in. perft R R R A S R e K-3{g

Coefficient of thermal expansion per deg F ............ TR RS 0. 0000066

Bpecific heat, c.g8 unita. . . ..oociviiiiiinrimirs s s 0.122
ELECTRICAL AND MAGNETIC PROPERTIES

Resistivity, microlms Per €. . .. ...t 28-37

Magnetization properties (see note 6)
Magnetic hysteresis (see note 6)

Nores on MaLLeasie Imox Castinas

1. Reduclion of Area.—The elongation usually is spread quite evenly over the entire gage length, instead of being
restricted locally. This may be construed to mean that cohesion is more uniform in malleable iron than in other
ferrous metals.

2. Compreasive Strength.—In ductile ferrous metals, the yield point in compression so closely approximates that in
tension that testing for the latter, being much more easily determined, avoids the necessity of testing for the former.
Also, it is impractical to determine the compressive strength of such products, because once the yield point has been
passed the specimen flattens out, yielding no well-marked fracture.

3. Shear and Torsion Tests.—In determining shear by the '“direct method,” approximate results only ean be
secured because a certain amount of distortion eaused by the combined effect of compression and bending during the
test can not be avoided. Consequently, shearing properties are better studied from torsion tests. The number of
twists per foot of length will furnish an estimate of the toughness of the material, and their distribution yields some
indieation of the variation in hardness which tends to cause an uneven localization of the twists, there being less
distortion at planes of greaster hardness,

4. The wedge test will furnish a more sccurate idea of what can be expected of castings that are to be subjected to
shock and occasional overload in service than will a notched bar test, wherein the stresses are concentrated at the root
of the notch.

5. Effect of Temperature.—If malleable iron is heated to a temperature in excess of its eritieal range, the temper
carbon will start to revert back to the combined form, and if heated to around 1600°F. practically all of it will be
reverted. Malleable iron can be heated to around 800°F. without loss in tensile properties.

6. Magnelizalion Praperties.—When high permesbility is required in iron, the earbon should be in the form of
temper carbon, whereas combined carbon or free cemenite should be absent. Malleable iron possesses high induction
and permeability and low hysteresis logs,
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CAST CARBON STEELS
Chemical composition Mechanical properties
Man- Be-
Car- =5 Bili- | Bul- | Phos- | Tensils Yield Elon- | due- Im- Hard-
bon, | . | coms phur, | phorus.| strength, mmnﬁm.ﬂmi pact | Do Tosibind il
per par per per Ib. per Iy per | ares, | | num-
oent Pef | cent | ocent cent g in. cent | per bers®
1% ety
0.11 | 0.73 | 0.27 | 0.027 | 0.028 58,000 cesaws | 33,0 | 380 | ... | .... | Annealed in commercial furnace
59,000 28,000 | 18,2 | 30.0 | 3.7 | 120B | As cant
57,000 24,000 | 28.2 | 55.0 | 2.1* | 119B | 1475°F. (BOO*C.) (8). lurnmos cooled
011 | 0.60 | 0.40 | 0.035 | 0.030 |\ 45 900 | 35,000 | 20.5 | 50.5 | 15.0¢ | 116B | 1650°F. (900°C.) (8), furnace cocled
60,000 | 35,000 | 81.0 | 54.0 | 13.7¢ | 1208 | 1825°F. (P95°C.) (8), furnase sooled
0.6 | 081 | 0.80 | .ovne | cuvinm 82,000 cennns | S4.0 | 528 Annealed
0.17 | 0.67 | 0.22 | 0,078 | O.080 64,000 35.000 | 28.5 | 0.2 | 3.7¢ 1850°F. (000°C.) (5), furnnos cooled
0.18 |0.B% |0.30 | ..... | ....- 73,000 creere | 24.0 | 49.0 Annealed
0.20~ |0.70- |0.25- | Under | Under 67,000 | 34,000 | 14.0 | 18,8 | 15 ' As oust
0.25 | 0.80 | 0.35 | 0,08 | 0.03 70,000 | 37.000 | 26.5 | 31.6 | 38 | .. 1600°F. (BT0°C.), lurnsoe cooled
70,000 30,500 | 33.0 | 51.2 | 18v 137B | As cnat
0.19 | 0.80 | 0.44 | 0,031 | O.028 71,500 | 46,500 | 34.0 | 58.0 | 24/ 1308 | 1850°F. (000°C.) (1), nir cooled
74,500 | 43,000 | 32.0 | 55.1 |28/ 1438 | 1650°F. (200°C.) (1), furnase cooled
o:10 | o.03 | 058 82,000 42,000 ( 38.5 | 59.8 | 1. 1850°F. (900°C.) (1), furnaee cooled
- : E I 63,500 44,000 | 3.0 | 67.0 | G4* 1700°F. (930%C.) (1), air cooled
1600°F, (870°C.) (1), air eooled
1200°F. (850°C.) (1), nir cooled
0.22 | 0.70 | 0.32 | 0.030 | 0.024 71.000 | 37,000 | 33.0 | 53.5 1408 | 1850°F. (900°C.) (3), air ecolad
0.22 | 0.68 | 0.28 | 0.030 | 0.025 72,000 43,000 | 32.5 | 53.4 1498 | 1650°F. (DOO°C.) (), air cooled
0.22 | 0.67 | 0.34 | 0.020 | 0.024 73,500 | 43.500 | 33.0 | 48.7 1508 | 1650°F, (900°C.) (3), sir eooled
0.24 |0.TB |D.28 | ..... | ..... TL.O0D | .....s 28.6 | 47.8 Cooo | 1B50°F. (800°C.), lurnaee cooled
67,000 | 27,000 | 22.0 | 33.0 | 20.1/ | 119B | A received
77,000 | 44,000 | 30.5 | 51.0 | 32.6/ | 1368 | 1850°F. (900°C.) (1), mir ecooled; 1525°F.
(B30°C.) (1), nir cooled
77.000 43,000 | 31.5 | 52.0 [ 32.07 | 1368 | 1650°F. (0GO00°C.) {1}, wir ecocoled; 1525°F.
0.25 | 0.68 | 0.32 | 0.032 | 0.012 (B30°C.) (1), mir coocled; BO0°F. (315°C.)
{1}, air cooled
76,000 | 43,000 | 31.7 | 58.0 | 34.0/ | 1338 | 1850°F. (900°C.) (1), air cooled; 1525°F.
(830°CL) (1), sir cooled; 1000°F. {(540°C.)
{1}, sir cooled
0.2 |0.84 |0.37 ]| ..... 756,000 33.0 | 4.2 ... Annealad, lurnsce cooled
0.27 | 0.70 | 041 | ..... T2.000 | ...ounn 32.0 | 57.8 |a6.& | .. 1680°F. (000°C.) water quenched; 1300°F.
(TOS"C.), furnnoe cooled
0.27 | 0.72 | 0.32 | 0.034 | 0.027 82,500 44,500 | 28.0 | 47.7 1838 | 1650°F, (900°C.) (8), alr cooled
0.27 | 0.75 | 0.31 | 0.034 | 0.020 74,500 40,000 | 35.0 | 45.7 153B | 1650°F. (800°C.) (38), nir cocled
0.27 |0.00 | 0.26 | 0.032 | 0.027 | 78,000 | 41,500 | 28.0 | 44.8 1508 | 1650°F. (900°C.) (3), nir cocled
0.28 | 0.65 | 0.27 | 0.022 | 0.027 74,000 43.000 | 28.0 | 42.0 sree | 1B50°F. (B40°C.) (7)., furnsse cooled to
1000°F. (640°C.) air cooled
68000 | 42,000 | 33.3 | 51.1 |37.4 1850°F. (900°C.) (1), furnace cooled
0.2 |0.04 |0.34 | ..... 1T00°F. (930°C.) (1), air eocled
G F x o 89,000 | 43,500 | 37.8 | 63.3 |45.5¢ 1800°F. (BT0°C.) (1), air cooled
1200°F. (850°C.) (1), nir eoaled
75,000 | 36,000 | 19.5 | 20.0 |17 1588 | As east
TE, 00D 42,000 | 25.5 | 31.5 | 21 1438 | Annealed
B4.000 | 57,000 | 30.0 | 65.0 | 44« 1808 | 1850°F. (000°C,) water quenched, drawn
1300°F. (TO5°C.), air oocled
95,000 | 48,000 | 24.0 | 57.0 1928 | 16860°F. (900°C.), water quenched, drawn
1100°F. (505°C.) air cooled
0.30 | 0.79 | 0.33 | 0.026 | 0.090 |} 108 oo | 79,000 | 19.0 | 46.0 2008 | 1680°F. (900°C.). water quenched, drawn
P00°F, (480°C.), air cooled
119,000 | ©0,.000 | 14.0 | 33.0 2388 | 1850°F. (900°C.), water guenched, drawn
TFOO°F, (3T0°C.), air cooled
130,000 | 100,000 | ©.0 | 18.0 2508 | 1650°F. (000°C.), water quenched. drawn
S00°F. (260°C.), nir cocled
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CAST CARBON STEELS (Contfinued)

Chemical compoaition Mechanieal properties

Man- Re
Car- o Bili- | Bul- | Phos- | Tensile Yield Elon- | duc- [t Hard-
baon, con, | phur, | phorus,| strength, int gation,|tion of ness
par n;. per per per Ib. per “2 per | area, ‘p:h.;;num- Treat ¢ of ateel
cent eat ocent cent oent og. i Pa¥ 8. 0. cent | per bers*

cent

030 | 0.9 | 0.3 | soo-0 | wepes TR,000 | ... ... | 2.2 | 40.3 | ... | .... | IBEO°F. (ROO°C.), furnmce cooled

85,500 | 54,500 | 20.5 | B3.4 | 21/ 1468 | 1650°F. (200°C.) (1), air cooled
1850°F. (900°C.) (1), water quenched

92,500 | 06,500 | 20.0 | 61.8 |32/ 1848 {lm, (650°C.) (1), i oool

77,000 | 43,500 | 28.7 | 44.5 | 14/ 134B | 1650°F. (900°C.) (1), furnsce ecoled
1650°F. (900°C.) (1), air coaled

83,500 | 53,000 | 39.3 | 51.9 | 207 1468 { 930°F. (500°C.) (3), air eooled

0.31 | 0.75 | 0.42 | 0.020 | 0.034

86,500 | 48.000 | 20.0 | 56.0 |40 | .... |{ 17OO°F. (030°C.) (1), uir cooled
0.32 | 0.80 | 0.37 | 0.025 | 0.013 TGN (PG (1), Al-pocked
1700°F. {930°C.) (1), ir sooled
80,000 | 40,500 | 28.0 | 56.0 |43« | ... [{ 1800°F. (8T0°C.) (1), uir cocled
1200°F, (050°C.) (1), air cocled
[ B4,000 [ ..., 2o | 329 | & civo | An received
82,000 [ ....... | 26.7 | 49.0 |10e | .... | 1650°F. (9OO°C.) (4), water quenchod; 1260°F.,
0.37 | 0.79 | 0.40 | 0.008 | D.019 |4 (B80%C.) (8), mir cooled
B8,000 [ ....... | 214 | 28.3| @ | ... |1850°F. (900°C.) (4), air cooled; 1200°F,
(BOS®C.) (8), nir cooled
[ 78,000 | ...... 16.8 [ 31.4 | 6,00 | ... | As recelved
B3,000 | ... .. |23.5|38.7 |24.5¢ | ... |1850°F. (R00°C.) (4), water quenched; 1260°F,
0.30 | 0.8 | 0.41 | 0.00% | 0,010 (8807C.) (8), nir cocled
83,000 [ ....... 20.7 | 20.5 | 16.0¢ | .... | 1650°F. (900°C.) (4), air cooled; 1290°F.
{885°C.) (6), air cocled

0.42 | 0.80 | 0. 43 | ... ... | ..... 77,000 { ..... .. | 22.0 | 25.0 | 0.5 1650°F. (900°C.) (4) Furnace eooled
0.42 | 0.7 | O848 | ..oon | wunns 81,000 | ....... 23.0 | 37.0 |20.5 1850°F. (800°C.) (4), oil quenched; 1250°F,
(676%C.) (6), furmmee cooled
043 |O0.TL |O.B4 | ..... i da B2.000 | . 20.4 | 44.2 (1770 | ... | 16BO°F. (DOOC.) (4), water quenched; 1250°F,
(875°C.) (@), furnace cooled
0.48 | 0.73 |0.28 | .. _. weeen |T 08,000 | ....... 220 |38.8 | .... | .... | Annesled, lurnace cooled
3,000 26| e veoe | As received
BA,000 24.9 | 41.0 | 10 .o« | 1650°F. (D00C.) (4), wator quenched; 1250°F.
0.48 | 0.68 | D.41 | 0.010 | 0.010 (675°C.) (6), air cocled
01,000 | .. 21.3 | 390.5 | B.5 | .... | 1850°F. (9OO°C.) (4), nir ocoocled; 1200°F.
(885°C.) (8). air cooled
0.50 | 0.50 | O.54 | ..... T B4,000 | ....... | 10.8 | 24.5 | 5.5 | .... | 1650°F. (ROO°C.) (4), furnsce cooled
0.51 | 0.58 |0.38 | .. _. B.000 | .. .. .. 19.5 | 19.2 | 5.8+ | ... . | 1850°F. (WO0°C.) (4), mir cooled; 1400°F.
(780°C.) (8), furnace cooled
0.51 |0.80 |0 44 | ..... | .. 0. B4,000 | ....... 205|208 ) 5.0¢| .... |1800°F. (020°C.) (5). air cooled; 1200°F.

| (606*C.) (8), furnmce cooled

Courtesy of American Foundrymen's Associntion,

# The letter B designates Brinell hardness.

* Numbers in parentheses following the tamperatyre indieate number of hours at temperature.

* Values in m.-kg. per sq. em.

isudmmxmxmm Cylindrical noteh 4 mm. in dinmeter, 15 mm. deap. Values in meter-kilograms per square sentimeter.
I Charpy, [t-lb.

¢ Fremont, kg.-m.
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HIGH ALLOY CAST STEELS

Manganese Steel.

1.

Contains 10 to 14 per cent manganese with less than 1.5 per cent carbon.

2. Extremely hard, strong, and tough, with high resistance to wear.

3.
4,
5.

Usually cast to form, but can be forged at a yellow heat.
Difficult to machine, can be partly softened by quenching from about 1830°F.
Hardness is restored by heating to about 1380°F. and cooling slowly in air.

Nickel Steel.

1.
2.
3.

Contains ordinarily 0.52 to 3 per cent nickel with 0.15 to 0.60 per cent carbon.
Has high elastic limit and tensile strength.
Corrosion resistance increases with the nickel content.

Chrome Steel.

| 7

2.
3.

4.

5.
6.

Contains usually 0.5 to 3.5 per cent of chromium with 0.2 to 0.6 per cent
carbon.

Has high elastic limit, tensile strength, and hardness.

Up to 1 per cent of chromium has little effect on steel. With 1 per cent car-
bon and 2 per cent chromium, great toughness is attained.

Low-carbon chrome steels can be forged with as high as 12 per cent chromium
present, but the alloy becomes brittle as the carbon increases.

Chrome steel attains great hardness when quenched in water.

Steels with about 15 per eent chromium are relatively corrosion resistant.

Vanadium Steel.

|

2.

3.

Small percentages of vanadium combined with chromium and manganese in
steel result in an alloy that has high tensile strength and elastic limit.
Vanadium makes nickel steel more homogeneous and decreases the fragility;
it is seldom used with more than 8 per cent nickel.

Additions of 0.15 to 0.25 per cent vanadium to chrome steel counterbalances
the extreme hardness of chromium and produces an alloy with better machin-

ing properties.

Tungsten Steel.

1.
2.

3.
4,
5.

Is very hard and brittle, difficult to forge, and cannot be welded when the
tungsten exceeds 2 per cent.

Can be worked at a red heat, but is usually cast in the form of tools and ground
to the desired form.

Addition of tungsten to steel produces a close and uniform structure.
High-carbon tungsten steel retains high magnetism.

Steel alloys with 5 to 8 per cent tungsten are self-hardening.
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Molybdenum Steel.

1. Effect of molybdenum on steel is between that of tungsten and chromium.
2. Molybdenum in chrome steel improves the forging qualities.

High-speed Steels.
1. Derive their properties from selected combinations of the several metals listed
above.
2. Cobalt, uranium, titanium, and silver are also used in high-speed steels.
3 A typical high-speed steel analysis is iron, 68.79 per cent; carbon, 0.51;
manganese, 0.26; silicon, 0.14; phosphorus, 0.02; sulphur, 0.04; chromium,
7.08; tungsten, 22.68; and molybdenum, 0.48 per cent.
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ANALYSES AND PROPERTIES

LOW-ALLOY CAST STEELS:

Hent-troatment, deg. ¥.

HANDBOOK OF MECHANICAL DESIGN

Normalised 1750, normalizsed 15650, drawn 1200
1850, drawn 1250
Annealed, normalised, drawn
Normalised 1650, drawn 1200
v« «| Normalised 1850, drawn 1300

Normalised 1600, drawn 1200
oo | Normalised 1500, oil quenched 1425, drawn 1100

...| Oil quenched 1510, drawn 1100

voo| Annealed 1850, normalised 1700, drawn 1275

voo| Normalised 1600, drawn 1100

. Hﬂ-ﬂlllf‘lbd drawn
. .| Annealed

o Annealed
v o] Normalised 1

Normalised 1850, drawn 1250

3t
301 | Double normalise, drawn
10} | Annealed 1860, normalized 1550, drawn 700

28
at

H
20t | Oil quenched 1578, drawn 1250

461 | Double normalised and draw
40% | Normalizsed 1600, drawn 1050

«os | 60.21| Double normalise, drawn
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46 HANDBOOK OF MECHANICAL DESIGN

PROPERTIES OF CORROSION- AND HEAT-

Phynical progerties
Chemical componition®
At room lemperatar | A% elovated Lo parstire
Bress | Brem
Car- | Cheo- | Nick- E&L‘”‘MM-&&M ing1 | ing1 bebarior bebanor
ben, |mium, o, | & | con, point, | in |tion off impaet | P per centper cemi
por | g | g | o)) e hnhulh.nm.h-l-pd-p
ﬂdeﬂ-‘-ﬂnhnhwnmc‘hhhh
ecnt | onol 10,000 (100,000
b, ber.
Iroa-chromium Alioys
Av |00 B0 vere | ver. | LD TE s, 1“»‘4 ------ B0 (13,0000 4,500-| Aboul sume s mecium | Betisfestory, i welds an-
s, &, 10,000f esrbon stesl woaled and alr soolad
Best | 85,2001 3.000-
40004
6501 | 3,1000] 1,000-
18001
B joul|we|....|....| Lo u.mu.uﬁm—n 3-10 | 435§ | 8,5004{10,000} Aboul smme s smediom | Welding nob recommendad
110,000{ 70, B40f | 5,9000] 4,200 ewbon whesl for olber than very this
7,000 ections
bt | 2,1001] 1,060~
41,8001,
asot |. P00
1,8001]
C | 0.80 | 28.0 1.0 | 40 O00-{ O-3 | o0& | 1-5 | B40f[....... 4,050 | About same ss medium | Batisfactory; slow oooling
60 45,0004 st ... 1,850 | earbon stesl required G0 000°C. then
st |....... T80 rapid cooling
o0t |.... 150
[roo-chromum-nickal Alloys
D' 030 8O 20 1.0 | 75,000-{40,000-| 30-30| 3030 ...... ot Tough: intermediate be- | Batiafactory
85,0001 50,000 tween oarbon sieel and
5951 bloned metal
st
Tost
s15t
B |0.15|180| BO|....| Lo ﬂl.ﬁﬂ.h— #0-T8) 40-TH| 60-108 | 480+ Tough; inlermediste be- | Batisfuctory if hesi-trented
80, 40,000{ tween ewrbom sieel mad | afler welding
sS40 Monsl metal
L]
4501
To81
BI8f | BOOf)  GS0-
7801
P {008 | 180 BO|.... | 1.0|70,000-{20,000-| 40-75| 40-TH 00-105 | €80% |....... 18,000~ Tough; ivlermediate be- | Betisfactory; desirabls to
1] 30,000 0001 tween esrbon sieel and | hest-trest after welding
LU +oo|12,000- Monel melal
18,0001
sont |....... 7,500
A, 5001
st |....... 4, 500
5, 5001
o8 |{.......| 9,500
3, 5001
Courtesy American Foundrymes's Amociation.
* Compositions give i this table differ slightly from um prosst acesicel comserdal compositicss.  The differences, bowever, are ool signifensd i respect bo the
properties quoted.
+ Diwis. 0o e wrought alloy,
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MATERIALS 47
RESISTANT CAST STEELS
CoefBicient of Thermal Spocific deo. | Misimum kempers-
thermal expansion vonductivity Lrie resintatice | hﬁ_.
Melting | g ;6. Specific Othor tiodia foc which Typioal
Tem- empers- | cravity| Tem- Coo | homt Tom. | st recommended spplicationa Alley
Coeffi- | deg. C. due- naoe, | . Bul-
perstbure] pers- pers- Onide | Fuel
cieat, tivity, mk phize
g | oer 1°C. e [ o ol Rl ™™
dog. C. o O units d"c'ﬂru.
20-1001 (0 0000101 1495-1385) 7.8 201 |0.008% 0. 18- | 251 | a2t | 70t | 7e01 | TEOY | Alkaline liquors, foodetuffs, | Maschine paria woch | Ab
r 0.18¢ cridising acids, some or- | pump nod valve bodies
20-7001 (00000029, ... .. 100} |0.0pat s | TOET | 1134 jpanie achds, steam
20-100% (00000101 1510-23T0) 7 & 201 [0.084-| 0181 | 201 | 881 | B70p | 8701 | 818) | Ouidising scids, especially | Mitde acd plant squip-| B
E F.m1 nitrie, foodstufls, ses wa- | ment, walve trim, slewm
20-9001 00000131 Tmat | 11T ter, alicaline liquors, steam | pump valves, castings for
nnd low siresses, much as
orals ban
0-100 (0. 000010 |1450- 7.5 0 |0.084 | 018 51| 681 | 1035-{ 080~ | 980~ | Foodstufls sod allaline - | Annesling boxes, lead pots, | O
E 175 | 1180 | 1450 | wors, fones of volatile | rossting formece mbble
20-1000 (0000013 (... .. .. 100 10064 10001| 1181 hemvy melals, ouidising| arme ehutes,
ncids, mine waters, and of | pump wnd valve bodies
expecial value in sulpbur-
rich atmospheres at high
Lempersiures
20-1001 (0000015 1400-1430) 50 | 201 [o.0T4t 0% | 88 | Te0- | TE0- Ses water, sulphuric seid in | Bhip propellers, pump and | [
E 980 | es0 wide range of concentrs- | valve bodies, impellers,
J0-8001 0. 0000191 tion snd temperstare, mioe| rayoo-producing  equip-
waters, steam, highsul- | meot, ol still beader-box
e oils, alkealine liquors | plugs
01001 |0.0000181 | 1470-1400{ 7.8 20 10063 | 0.131 350 | T | BT0- | TEO0- | 150- | Bea water, alkaline liquors, | Pots, relorts, pump snd| Ei
mE E Fast | 9257 | 7004 | bet diute or cold concen- | valve bodies, squipment of
20- OG0 | 100 10,063 oot | 1184 trated miplruric acid, ssid | chemical plants, paper
walphates, cold oxidising | mills and dairies, marine
scids, mine waters, food- | Bitings, ornamental work
wtuffn, orgenic seide
20-1001 |0.0000161|1470-1400) 7.5 | 201 [0.0S8H 0.131 | 200 | 751 | BY0- | 760- | 150~ | Alicaline Nquors, hot dilute | Pots, retorts, pump asd| P
E Faat | 92nf | 700f | or cold concentrated mul-| walve bodies, equipment of
20-10001 {0 0000 B0o- | 112 phuric acid, seid mulphates| chemieal plants, paper
Eot sea waker, cold oxidising | mille snd dairies
scids, mine walers, [ood-
wtufla, organic acida

4 This clam of alloys ia covered by A.B.T.M. Tentative Specifications A188-35T.
*'This clam of alloys is coversd by AB.T.M. Tentative Specifications A160-35T.
#Thin olass of alloys i covernd by ABT.M. Tentative Bpecifications A170-35T.
This ol of alloys s sovernd by ABT.M. Tentative Bpifications A1BE-38T,
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PROPERTIES OF CORROSION- AND HEAT-

Physical properties
Chamieal somposition®
Al room bemperature At elevated temperntuse
Burem | Btress >
Eoa- | Fe prods-| prodeoc- Machining dding
mmmm":mw—hmwhnu:u:": bebamice bebavior
bon, | mium,| o, sl eon, [strength,| paint, | in | tion o] impect hwmp--m
per | per | per nﬁrhﬂlhmw.hhh
-I-dnl:u'l.n,h.q.il.n por | frdb | 2 | tion in | tioa in
ool | oent 10,000 {100,000
he. | he
Iroo-chromium-aickel Alloys
(Cont)
O |0.80 | 220 20| . 1.5 | 60,000-145,000- 510 | 3-10 B4Ot [13,000-{18, 2501 Tough; slighily easier than | Betisfactory
Ti.000 60,000 123 ,0001| 158
08t | B,000-.......
18,0001
asot | 4,000-|.
o, 8001
TOSY | 2,000
5,000
Tagt |.......| 2.3001
B |08 |mo| o 1.5 | m, o00-| 143 | -3 Tough; but more readily | Satisfactory, f  subse-
#0,000 |88 ,000 machined than 15-5 quently hesi-trested
" |0.30| 980|180 1.5 Intermediate between 18-5 | Batislactory
nod 28-5 alloys
J |oso|1s0|30|....| 20|60 0,000-1 18 [3-10 | . .. ci]oe. .. .| Similar to annealed high- | Batisfsctory
70000 (55,000 wpeed pheel
Nickel-rich Alloys
K |os|Bmojaxo]| 1.0 1.5 80,000-(35.000- 1-6| 1§ Be0f (18,0008 . .. | Similar to sasesled high- | Batiafactory
75,000 (45,000 8301 | 9,000f) wpond wleel
Te0f | 5,5008
L |0.40| 200|640 1.5 1.5| 50,000-140,000-| 1-3 | 1:3] ... : .. .| Gimilsr &0 beat-treated | Batistactiory
0,000 |50,000 simple shoels but at lower
spoods and feeds

* Compoaitions given in this table differ alightly from the present nominal commercial compositions. The differences, bowever, are not sigalficant in respect 1o the
properties quoled.

t Duts on the wrought alloy,

§ Duta o8 sast alloy soutaining 3 per ceol tungsien
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MATERIALS 49
RESISTANT CAST STEELS (Continued)
Conficient of Thermal Bpecific elee-
sl 5 i teic vl m::'l:l;u.
Melting | gouific Spesific g Other media for which Typial
Tem Sempers- Eavity| Tem- Con- best | Tem- Hesint- recommended applications Alley
Coelfi- |  turs, dse- e, Bul-
pmtare) o | des P | ity, o | o | ouide| ¥ | e
m per 1°C. d:"étn d:'é ™
units per ce.
20-100 [0.000016 | 1415 | 7.0 | 20 | 0.082 20| o0 | 1180 | 1100 : Girids, hearth plates, rollors, | G
20-1000 (0. 000018 mila, claina containers,
ebe. in henting furnanes nod
ouTying gases with high
sl phisr content, spparstus
for hydrogenation of mfin-
ey whale guees
# (0000014 (LS00~ 7.9 | 20 | o.ues 1100 | 1100 | 1000 | Mise waters, sulpbur-rich | Rossting  furnace mblle| He
stmospberes ot high tem- | srma, ol still tube sup-
peratures, nitric and other | porls, pump paris for bot
caidining acids ol in refoeries, sleel mill
soaking pit dampers
20-100  0.000015 7.9 | 30 | 0.008 0.14 20| 80| 1150 | 1180 | 180~ | Mice walers, sulpburoos | Fornsce hearth plates, oo-| 17
E 1180 | acd and silphite Bquors, | ment kiln perts, recuper-
20-1000 [0_000018 700 | 107 mived weids, oxidising | ators, stack dampers, cosl
simospheres of moderate
sl phur content
20-100 [0.000014 [1455-1400) B0 | 20 | 0097 Q.11 20 | 118 | §000-{ 1000 Bulphurie scid in wida range| Grida, hearth plates, rollers, | 10
E 1100 | 1100 of concentration mod tem- | rulls, chaing, contaioors,
20-1000 |0, 00001S persture, alimline solu- | ele, in besting forences
tions, fused alkalim to| mol carvying gaees with
POD"C. even moderals  wulphusr
content,
equipment, coramie fur-
naoe  parls, earburising
botes
20-100 [0,000019 (1400-1260 B.1 0|0 JH(E-| 20 | 108 | BOO- | B00- Bynthesising ammonis, mal- | Carburising containers, oil- | K
E 1000°C.) 1150 | 1350 phurie and hydrochloric | burner parts, spocial glam
20-1000 0000016 scid in pome concentrs- | molds, chemical resction
tions snd temperatures chambers
F0-100 [0.000013 [i4e0-1280| 50| 20 | 0.033 @11 20 [ 13 | 1100-| 1100~ . Fused alkalion und chlorides | Carburizing containers, ol | L
E 1260 | 1280 o 1000°C. burner parts, containers
20-1000 (0. 00001T for fused alkalion and oya-
nide, resistance grica, buil-
er bafles, enameling recks,
pyrometer tibes

This class of alloys s covered by AT M, Tentstive Bpecifimtion A1T3-25T.
*This cless of alloys s coversd by AB.T.M. Tentative Bpecifimtion A173-35T,
1 Thin class of alloys ks coverad by ABT.M, Tentative Specifimtion A1T1-35T.
#Tis clase of alloyy s covered by AST.M. Tentative Specifiontion A178-34T.
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PROPERTIES OF U.8.S. STAINLESS STEEL
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MATERIALS 5l
PROPERTIES OF U.5.5. STAINLESS STEEL (Condinued)
Alloy U.B.B 188 Mo U.8.8. 25-12 UE8 12 U88 17 UBS8 27
Type 316 Type 309 Type 4101 Type 430 Type 448
0,10 max, 0,20 max. 0,15 max 0.12 max. 0.35 max,
2.00 max. 2.00 max. 0.75 i 0.75 max. 1.00 max.
0.03 max. 0.03 max. 0.03 0.03 max. 0.03 max.
0.03 max. 0.03 max. 0.03 0.03 max. 0.03 max.
?é’g;?a“é %‘:’ngm [ ?ﬁfgfu gi",rm o ga',gm [}
14.0 max, 12.0/14.0 ’ e et
2.00/3.00
Physical properties
Density, b, perew. in. ... c0reesiianen 0.201 0.283 0.276 2.973 0.270
Bpeecific electrical nﬁhnn at ﬁ"l’ v e » o
30.7 2. 232 26.4
range ” F su’d-}asm nﬁ’u’— ml::l‘wm mfﬁ-’nn
. . b Austenitic Martensitic Ferritic Ferritic
Magnetic permeability: s
As anmesled ; = 1.003 Ferromagnetio Ferromagnetic Ferromugnetio
Mum,#mtmluﬁnnn{m po=1.10 :-Lm Ferromagnetio lempm Ferromagnetia
ﬂnﬂdﬂﬂ
30-212°F ... 0.12 0.12 0 0.11 0.11
m rﬁ :"l.m (0-100°C.)... 1.1 1.1 1 1.0 1.0
Thermal cond
t-fhr ! L Bt 212°F. . 108 87116 1 199 145
prasgn u-f o e AT 0.31 0.250.34 i 0.49 0.42
n,;.n.mn:_s.m dq r i umﬂ' 145 125 199 181 180
c"p..-'ma".. F. ¥ 108 iy 8.4 8.3 8.1 8.0 5.9
Per deg. F. X 10 (32-832°F.)........ 9.6 0.8 7.2 8.7 6.3
Mochamieal propertiss ab room Cold |yoiyl Cotd |4, | Quenche Cold Cold
S ettt Ansesled) yoried (Annesled) oriceq [Annealed| ed and |Annealed| . 7ipq (Annesled) yoryeq
wl‘h Lin.......| 80— 95|105-3001| 90-110|110-270| 65 B85 | 100-200| 70— 00| 100-180 | 75 08| Ba-178
o Sy 35~ 45| B0-250 | 40- 60| 65-230 | 35~ 45 B0 | #0- 55| 65- 30 | 45 60| B5-155
20 29- 26| 28 20 20 29 29
50- 2| a5- 50| 25~ 2| 35 25 10| 30- 20| 25~ 2| 30-20| 25 2
m pl.rulnl. 65 30 | 45 80| 55 20| 65- 60 25| 55 40| %0- 20 | 50- 40| B85 28
Charpy impl-ntnmmh ll..-lb «as] TO-110
Taod ?u:. et I 1 S 100~ 80 5| 8 28
Enduranse limit H.m'.l. W‘ fh-l'ﬂ'ﬂ-
in.. a8 |eo-98| 53 ..ol 80 |ii......] 8o
Brinell hardness number. . - 135-185 (170460 | 150-185 | 170-375 | 135-185 | 293-300 | 145-185 | 185-270 | 140-185 | 150-250
Rockwell hardness number. . BT5-Be0| C5-C40 [BAM-Bo 75-B85|C30-C40|BS3-Bo0| BO0-B1 w0 | coc3s
in'mo&"hrm'
s \ I, Sima.. 25,000 17,000 13 8,500
200°F., 18,000 11,000 3 2,100 1,800
- Ib. & ;.% 3.& 1 1,200 400
At 1500°F., per i
2.., F. (approai-
rmate m .............. 5 ..(LE.L ...... 1850 2100 1300 1550 2100
Initind forging temperature, deg. 2200 2000 2000
Finlahing tamperaturs, deg. F.. le Fm Mot over 1450 Not over 1400 lﬁhl
1950-2050 1950-2050"F Furnaes cool Air cool from
Annanling krsabmant. ..oz ok iavaaiial |l quisneh and quench from 1560~ 1500-1400°F, 1060-1550°F.
1100°F. or sir
ool f
Cold forming, drawing, stamping Good Good ! ann'r. Good Poor
el yo Furtough | Fuir tough Fair Fuir Faie
Wading (e " T admum | for om | Welding hardans | Welds are brittls | Welds are brittle
s Faiitance A nttﬁﬂ:m Blight WM mmpm““
i1
to anneal to annoal
Precautions (see noles) A) (4) [{] (D) o)

U.AA. 12 free machink

416, same
) Preheat alowly to ‘&Eﬁw “i;n

LG00°F, produces marked

trestment.

For mazimum corrosion resistance in high tempersture service, use {ollowing stress relieving operations—hest 3 hr. st 1580°F.,
ul.crl;rwlmfl’..tbubntﬂﬁ:ﬁyullm? for forging. Fﬂﬁm&mh&mu&hﬁlw

O‘)

Prehes
?l. &T-nplr below 1000°F

mm

I. B’"

to 1450"F. Excessive

EXpOBUTE -t m 1o my:r‘ﬁd‘m
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2000°F.
ttleness. Towm heat to

Hllﬂnﬂpﬁﬂﬂﬂlﬂﬂ?nﬂhﬂhﬂrﬁdﬁnlﬂﬂgm i ek 200 %0
or ey 11 posure to tamperatures WOED
“"i! m‘f.mr'um this can be cured by repesting the annealing
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COMPOSITION AND PROPERTIES OF IRON-NICKEL-CHROMIUM ALLOYS

Ultimate and working stresses at
ﬂmp“;ﬂm.wrn:rﬁ““" Mechanioal propertiss at normal temperatures (see note 1) elevated
(see note 2)
s paint, "';":"I:' tion of | Impact, 1200° | 1400° | 1600* | 1800° | 2000
Typa| C | Bi |Mn|and | Cr | Ni stresa, | per
Ib. per nros, ft.-Iby, ¥. F. F. F. F.
: i Ib, per | cent ot Bri- | Rook-
P | g, dn. fin 2 in P nell | well
LO7| 0,08 |0.12/0.025| 11.70 | Tr | 80,000 80,000 30 0 o0 170 | 85-B ﬂ.mlﬂ.m 10, 000
r 140, 160,000 10 35 30 340 | 35-C | 3, 1,580 1,025
A=l
lo.u 0.19 10.15/0.025/ 12.00 | Tr [100, 110,000 25 55 a5 220 | 20-C
180, 240,000, &5 20 5 440 | 45-C
A-2 |0.09) 1.250.85/0.025| 18.50 | Nil | 50, 75, a5 75 1] 140 | 80-B
B8O, 5, 25 a0 12 200 | 95-B
A-3 |0.23)0.75[0.65/0.025) 28.50 | Tr | 60,000 80,000] 35 B0 a 150 | B-B (40, 18, 9,000] @,500| 5,000
80, 120, 25 40 2 210 | 85-B H.q l.ﬂ 925 828 120
Cantings from the sbove alloys have slongation and reduction in area from 5 to 20 per cent, much less than for the fabricated forms.
B-1 [0.08| 0.258 |0.40[0.03 | NIl | 5.00| 35, 75,000 35 T b i) 180 | 85-B
65, 000|100, 35 58 50 210 | 95-B
B-2 |0.15|0,20 (0.43/0,03 | Tr (36.10] 30,000| 70.000| 35 .17 110 180 | 85-B
r 45.000| 00,000, 285 55 60 170 | 85-B
B-1 material, resistant to mild forma of corrosion, was extensively used for turbine hlades; has boen superseded by ths low-garbon, 12 per

eent chromium A-1 type.

0.07| 0,30 o.-mlu,ua 18.00 t.ool 30, 80,000 o8 75 120 130 | 75-B
45,000/100,000) 50 as L] 1680 | B5-B
c-1
0. 15 0.30 (0.40/0.03 | 15.00 | 8.00| 30.000) BO,000] A5 ki) 120 130 | 75-B |Brittle (30, 000(15, '.MH
45,000(100,000, 50 85 80 160 | 85-B |Range| 3,000( 1,525 480
C-2 |0.25| 0,36 |0.45/0,08 | 25.00 {10.00| 40,000 w.ml 55 0 90 150 | 80-B n.m!aa.mu.m 10,850| 5,600
80,000(110,000 25 50 50 200 | 95-B | 8,280| 4,820/ 1, B40| 128
C-3 (0.15]0.75 |0.00/0.03 | 25.80|19.75| 40,000 80,000{ 50 85 100 140 | 80-B |50,000(35,000(20,000(11, 500 8,500
45,000 05,000 30 50 80 160 | 90-B | 7,500 me 2,000 nn| 150
High silicon, copper, or molybdenum are often found in the C-group. Titanium, vasadium, and columbium are often added to retard or
control carbide precipitation.
D-1 L.mlo.ao-L).uln.m 10,00 20.00] 45,000 85, 1 85 L] 180 | B5-B [52,000(32,000(16,000
2.00 60, 000{100, 20 38 B0 200 | 95-B | T, 4,150{ 1,823
D-2 |0.38 ....|....[0.08 [12.00-|35.00] 45,000 80,000 35 80 80 160 | B5-B [55,000/40,800/23,400(13, 250 7,500
Iﬂ.M 85, 110,000 30 45 40 180 | 90-B | B,250| 5,275 2,400| 650 175
D3 048 W |....j0.08 Iﬂ.nﬂ .00] 38, @0, a5 80 100 140 | BO-B |55, +200/22, 15,280 9,250
'i.uu &0, 80,000 20 45 50 160 | B5-B | 8, 4.578) 2. T80| 238
D-1 type ia cbtainakle in neardy all forma includi Jons pioroed and di tubes. -2 bype with modifications is svailable in various

forma. Most of this msterial is used for heat resistance. For turbine blading, s lowsr shromium content is used for temperatures above
BOO°F. D-3 type is obiainable caly in restricted forma. Modifisations of this type are obtainable in sertain forgings although it is difficult to
fabricate. With the addition of 15 to 20 per cent molybdenum, this material becomes immune to hydrochloric and sulphuric scids.

Nota 1: In columna headed yield point and ultimste stress, the first figure refers to the annealsd condition; the sesond fgure ia for cold-
worked or hardened material, Differences between these figures and other published data sre sccounted for by modifications of snalysis or
by waristions in heat-treatment or work bardening during fabriestion.

Nots 3: The first figure is the ultimate stress obtained after 1 br. st tempersturs; the second Sgure ia considered by the suthor to be a
conservative design stress for use at thess tamperatures. Theeo working stresses are based on experience and have been ussd satisfactorily.
But they should not be confused with creep strengihs,
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MATERIALS
CHARACTERISTICS AND USES OF IRON-NICEEL-CHROMIUM ALLOYS

Avnilable forms Forging, hardening, General information
and annealing tem-
paratures, deg. F.
Type Cold
Forg- Kl Hheeta,| Seam-
e Hilleta) Hars plate, | less Notations Appliestions
ingn | ings oF Hard-| An-
strip | tuben | Forge prnl i
W ey 2000 | 1750 | 1550 | Magnetio Genernl engineering purposss, turbine
vl |l > v + Selldom | 1600 | 1800 | 1800 | Hsrdening type| blading
usfed
A-1
2100 | 1700 | 1550 | Magnetio For goneral corromion resistance whers
W v v v v ? No | 1800 | 1750 | 1600 | Tosoften draw | hardness is required. For cutlery, sur-
at 1300- Eical inatruments
1400°F,
A2 | v | v | v | & “ | v | v | 2000 1450 | Magnetio Geaeral corrosi istant material
1200 .-v+ | Nonhardening | fabrication. Chemieal equipment. ni-
trie aoid towars
A-3 v W v v W |Plates| + | 2100 cvis | Magnetic Bpecial cases of corromion reaistance, tam-
1400 1000 | Nonhardening | persiures up to 1800°F., for 80: and
B0y
B-1 W W & W v W & | 2000 | 1500 | 1450 | Magnetic Genersl enginesring purposes, low tem-
1200 | 1600 | 1500 | Nonhardening | perature turbine blading
B2 v v v W v v No | 2000 Quench| Nonmagnetic | Resistant but not immuns to hydro-
1200 | .... |Quench| Nonhardening | chloric and mulpburie acids. MNon-

magnetic material for slectrical parta

Thin typa of material with 10

to 12 per ceni chromium is being used by

turbine designers for higher temperatures than now prevailing,
v ¥4 v £ v ¥ v | 2100 Nonmagnetio | Chemical equipment; urchitectural, food,
1400 Nonhsrdening | laundry, dyeing industries
C-1
v ' v L4 L v L 2100 Air |N is | G | fabrication; riveted and welded
1400 or | Nonhardening | structures for chemical squipment
waler
C-2 v v v W ' v ' | 2100 q h| Non tl General fabrication, reaistant to sulphits
1400 1800 | Nonhardening | solutions in papsr processes
o
Hal- | 2100 2000 | Nonmagnetic | For mived acid conditions in paper, dye,
-3 v W v W + v low | 1400 Nonhardening | and general chemical processss. He-
forged mistant but net immune to hydroehlorie

and sulphuric acids

dded for free machini

When some of thess slomenta are present the materials may become

alightly magnetic.

2000 Nonmagnetio | Resistant to salt water, cold diluts sul-
D-1 v v v v » + v 1200 Nonhardening | phurie scid. For oil refineries, nawval
equipment, and general chemical usm
D-2 ' W W v W + | Plates ﬂ_’ Nonmagnstic | Low chroms, for high temperaturs tur-
ki Nonhardening | bine bisding. High chrome, for beat
Low chromium typs only ohi resistant matarial for carburizsing boxes

ql‘:;— and furnace parts
pa| v || ] ] 2] 1w 2000 | Nonmagnetic | For temperatures up to 2000°F., for fur-
Nonhardening | nace parts, lorgings, electrical squip-

ment, Hesistant but not immune to
hydrochlorie and sulphuric acids
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CORROSION-RESISTING
Ultimate |Per cent z \
Metal or Percentage | Condi- |strength, | elonga-|Specific m:m'z t:::"“l::e
alloy composition tion Ib. per | tion in | gravity dz;mF ) pera.F 1
8q. in. 2 in, T deg. F.
Silver Ag 99.90 Annealed| 25,000 60 | 10.49 | ......... 1000-1150
[
Nickel Ni 99.4 Hard 100,000 | 2-8 8.85 | 1200-1400 | 1200-1500
Annealed| 70,000 | 43-53
Copper Cu 99.90 Hard 55,000 5| 8.03 | 700-800 8001100
Annealed| 35,000 35
Iron Fe 99.95 Hard 44,000 2B 7.8 ......... 1200-1500
Monel Cu 28, Ni 69 Hard 110,000 | 2-8 8.80 900 1300-1600
Annealed| 70,000 | 35-50
Nickel silver | Ni 18, Cu 065, | Hard 95,000 2| 8.75 900 11001300
Zn 17 Annealed| 58,000 a3
Sterling silver | Ag 92.5, Cu 7.5 | Hard 63,000 - [ 5 T ——— 1100-1250
Annealed| 40,000 35
Gilding metal | Cu 90, Zn 10 Hard 65,000 1| 8.80 700 1000-1200
Annealed| 32,000 40
Bronze 8n 2.0, Zn 7,|Hard 130,000 1| B60O| ......... 1100-1250
Cu 91 Annealed| 51,000 50
Chromium Cr 16, C0.1 Hard 95,000 25 | 7.67 1450 1500 air cool
steel Annealed| 75,000 30
Chrome- Cr 18.5, Ni 8.5, | Hard 100,000 65
nickel-steel | C0.12 Annealed| 80,000 50 | 7.86 1700 2100 quench
White gold Au 58.5, Cu 24, | Hard 144,000 81182 | o 1250-1450
Zn 5.0, Ni 12,5 | Annealed | 100,000 29
Yellow gold | Au 58.5, Cu 30, | Hard 130,000 3
Ag 5.5, Zn 6.2 | Air
quench | 83,000 36 | 13.0
Water
quench | 70,000 40
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METALS AND ALLOYS
Corrosion-resistant properties
Sul- ... | Hydro- . | Sodium
phuric | U | chloric | A0 | hydrox. | Am- | Suk | gy,
Temp., | *geid acl wid aci ide moni# | phur | Fruit | - .| Sea
'd'ag- F. li.if.)!l:- jl.lim’.l Nﬁd “m
Dil. |Con.| Dil. [Con.| Dil.|Con.| Dil. |Con.| Dil. [Con.| Dil. |Con,| 1€
68 [No|No[Ne|No| WV | V|V IVI|VIV]|V]|V]| No v v v
n
68 ? TIXo|[Xo| P | T|AVIVIVIVI] ]| T No v
68 vV | ?|No|No|No|No| v |V |v]| v |No|lNo|l No v v v
100 No|No|No|No|No|Ne| v | v | v | v |No|No
68 No|No| v | v |No|Ne|No[No| 7| ? |No|Na| No No
68 |No|No|Xo|No[No|No| 2| I vIvIv]v] Ne ?
68 Vv | No|No|XNo|No|XNe| v |No|+| ?|No|No| No ?
88 |No|No|No[No| V|V VIV |VIV|IV]|V]| No v
68 vV [ No|[Xo|No|[No|No| | || v |No|lNe|l No v
68 V| ? | No|No|No|XNo| v |vV| V| v |No|No|l No v
68 VT VIV INoRNo| V|V VIVIVIV] V v v
v [ No| V| vV | No|No| v |No| vV | VIV]V] vV v v
68 VIiVIVINo| VI V]V VIVIVIV]IV] V v v v

68  Resists all but aqua regia

4/ = resistant. Ne = not resistant. T = deperding on conditions,
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COMPOSITION AND PROPERTIES OF WROUGHT AND CAST ALUMINUM-BASE ALLOYS (Continued)

0 par cent grestar than the tensile strength.
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CAST AND WROUGHT MAGNESIUM-BASE ALLOYS

ABTM, Chemigal composition in per cent® Per
demignation magnesiam with Tenaile | Yield | cent | Shear | Bri- | Impact
Form strength,| point, | elon- |strength,| nell |strength
Sili- Ib, per | Th, per |gation| ib, per | hard- | Isod,
Hpse. No. | Alloy |Atusisum|Mss0r| g | e, ot Pap | S8 |k | ) T
e, Trin. 2in.
AR,
Band and perma-
nent mold east-
inga .
{auem 22,000 | 12,000 | 2 | 18,000 | 54 | 2
2 9.0-11.0 | 0,10 |0.3 maz.| 0.5 |4 Heat-treated 35,000 | 12,000 | @ 20,000 | 52 4
H.T. and sged 36,000 | 19,000 (| 2 21,000 a8 2
As cast 19,000 | 14,000 | 0.5 | 17,000 65 0.4t
3 11.2-12.8 | 0.10 |0,3 max,| 0.5 {
B80-38T ) H.T. and aged | 32,000 | 20,000 | 0.5 | 19,000 | B85 0.5¢
An cnat 27,000 | 12,000 | & 16,000 | 55 3
4 5.3-8.7 0.15 |2.53.5 | 0.5 {E-b-uuud. 38,000 | 12,000 | 11 18,000 | &5 5
H.T. and aged 38,000 | 18,000 | & 20, 000 T0 2
14 9.0-11,0 | 0.10 |D.5-1.56 | 0.5 H.T, and aged 36,000 | 22,000 | 1 20,000 77 |
7.0-9.0 0.16 (0.3 max. | 0.3 | Heat-troated 33,000 | 11,000 | 10 18,000 | 48 2.2¢
3.5-5.0 0.20 (0.3 mas.| 0.5 | Awcast 24,000 | 9,000 ® 14,000 | 44 2.01
An oast 23,000 | 14,000 i 18,000 [:L] 0.57
8.76-9.25( 0.10 |1.8-2.% | 0.3 {Enm 39,000 | 14,000 | 10 20,000 | 83 2.0t
H.T. and aged | 38,000 | 20,000 | 3 22,000 | 78 0.8t
Die castings
BO-T {12 9.0-11.0 [ 0.10 |0.3 max.| 1.0 | Dic-onat 31,000 | 22,000 | 3 | ...... a2 1
13 8.3-0.7 0.10 [0.4-1,0 | 0.5 Die—cust .000 | 21,000 | & | ...... 50 2
7.0-0.0 0.15 |0.3 max.| 0.3 Die-cast 30,000 | 17,000 | 2.6 . .. 53
5.87.2 0.15 (0.3 max. | 0.3 | Die-cnst 2r. 000 | 17,000 | 4 | -..... 50 3
Forgingn
1 7.8-9.2 0.15 (0.3 mas. | 0.5 | Promed 42,000 | 24,000 | &
[ 2.5-4.7 0.20 0.3 max.| 0.5 | Forged 34,000 | 19,000 | &
B8 5.8-7.3 0.16 |0.4-1.0 | 0.5 Pressed 42,000 | 26,000 | 10
B1-38T {m—m 45,000 | 30,000 | & | 22,000 | 78 1.8t
9 7.8-8.2 | 0.15 (0208 | 0.5 || Prossed nnd aged | 46,000 | 33,000'| & | ...... a2
15 41,000 | 24,000 | 18 | ...... 59
tu} LEFLE | || TR (00T | 0.8 {rupdnd-pd 2,000 [ 28,000 [ 14 | ...... 62
Extroded bars,
rods, shapen,
und tubing
[ a 3.34.7 0.20 |0.3max | 0.5 | As extruded 40,000 | 20,000 | 10 | 20,000 | 47
[ 5.8-7.3 0.15 |0.4-1.0 | 0.5 | As extruded #4.000 | 32,000 | 17 20,000 | 54 3.0
9 T.5-9.2 0.15 |0.2-0.8 | 0.5 | As extruded 47,000 | 35,000 | 12 20,000 | 61 2.2¢
B1OT-28T ] 7.5-90.2 0.15 |0.2-0.8 | 0.5 El:u‘:edmd 51,000 | 38,000 | ® 000 | 70 1.8¢
1 SETEET AL T —— 0.3 | Anextruded 42,000 | 30,000 | 7 18,000 | 42 2.11
15 2.5-3.8 0.20 2,835 | 0.5 | Anextruded 42,000 | 30,000 | 10 0,000 | 81
154 | 2.8-3.5 0.20 (2535 |0.5| Extruded and 44,000 | 34,000 | 13 21,000 | 54
nged
Rolled plate,
sheet, and atrip
[ {Hﬂdrdlnﬂ %4,000 | 36,000 | 4 | ... 80
[} 3.3-4.7 0.20 |0.3max.| 0.5 |{ Annealed 38,000 | 22,000 | 10 18,000 | 50
Hot rolled 40,000
Hard rolled 45,000 | 34,000 | © 70
B0-38T T 5.8-7.2 0.15 |0.3 max. | 0.5 {Jmn-!-d 20,000 | 20,000 | 15 o
Hard rolled 37,000 | 20,000 | 10 ieneia | 58
11 1.20 H 0.3 |{ Annealed 32,000 | 16,000 | 18 17,000 | 48
Hat rolled 34,000 | 10000 | 13 e a7

* Total impurities 0.3 per cenl.

t Charpy, ft-Ib.

Notes: Physionl properties for these alloys muy be taken as: Weight, Ib. per cu. in., 0.085; modulus of elasticity, 8,500,000 Ih, per sq, in.;
melting points from 1080 to 1300°F,
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PROPERTIES OF INSULATING MATERIALS

FProperties Hard rubber Vileanised Bber Laminated phenalic
Power faetor, st radio frequencies 0.01-0.03 0.05 0.08-0.07
Disloctric conatant, st radio fre-
quencies. . 2.7-4.0 5 4.5-8
Dielectric -u-:uth [-pul:un ]»l
in. thiok. Bup hrmpun-;
25°C.) . By 8 e 5001000 volts per mil 25-250 volts per mil 150600 volta per mil
T'lﬂll‘u‘lnllh 3,000--5,000 1b. per sq. In. 0,000-18,000 Ib. per sq. in. 6,000-20,000 Ib, per sq. in.
w.mmum,pummuhr 0.02 20-80 0.3-2.5
Specific gravity.. 1.2-1.5 1.2-1.4 1.3-1.4
Cmﬂdlnl-d'lhmnpudm.
deg. C.. e B0-80 X 10~ 25 X 10 20-30 ¥ 10
Eﬂmduiu cavssensss| Deteriorates slowly unless well | Improves Improves
vuleanizsed und protected from
light
Effect of heat, .. ...oveevsveniss-| Softens st 50 to 85°C. Melta | Will act melt; not resdily inflani- | Not readily inflammable, Tem-
at 200°C, mablo, bui chars wnd becomes | perstures from B80-150°C. tend
brittle st high temperature.| to renew chemical resctions,
Burns at about 340°C, resulting in shrinkage and loss
in weight
Effect of munlight. ... ............| Discolors and disintegrates after | No effect No visible effect
& fow months. Sulphate Blmas
formed on surface reduce sur-
face resintivity
Effect of ultraviolet light .. ...... A few hours exposure s in it | No data Lowars surface reaistivity

FEflect of micdst uir.

Efect of stenin. .

Balventa

Metallio inmeris,

Machining qualitios, . ... .

effects  equivalent to many
months exposure to sunlight
No effect

The ooly effect is that resulting
from the high temperature

.| Affected by most crgania solventa

and mineral oils; unafected by
nlkalies, wenk ncids, and certain
concentrated acids

.| Hard rubber is rapidly deterio-

rated by contscl with iron or
copper, the metals themselves
also corroding. Inserta should
be coated with tin, paper, unvul-
eanized rubber, or other mutu-
ally protecting medium
Admits of & high-polish but ma-
chines losa necurntely than would
be supposed, becauns of ita great
resiliency. It has tendency to
warp, can be molded but not ae-
curntely to size

Absorbs water freely but withaut
permanent injury; while satu-
rated it becomen soft and fAexible
mnd wswells; warps and twists
upon drying

Bama &a above, except absorjition
is more rapid

Organic solventa have no perma-
nent effect: oila are alightly ah-
worbed: afected by meids and
nlkalica

No effect

Admits of & Bne fnlsh; may
be sawed. punched. drilled,
samped, embossed, turned,
planed, bent, tapped

Absorba slight amount of water,
reducing dielectrie properties

Best grades not afeoted heyonil
slight absorption of moistare;
alter & few days in steam the
cheaper grades will awell appre-
ciably mnd split; supsrhested
steam tands to warp and blister
all grades

Not affected by most organic
sol venta, oils, or wesk ncids; st-
tacked by alknlies and wtrong
acidn

No effeat

Admita ol a good polish; can be
wsawed, punched, drilled, stamped.
turned, planed, knurled, em-
bossed, milled, tspped sither
with or againat the grain, though
not #o essily ms hard rubber and
wilennized fber
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MECHANICAL AND PHYSICAL PROPERTIES OF PHENOLIC LAMINATED MOLDED MATERIALS
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Hase Predominant
:5 il Colors Finiahes i atics General uses
E |l !
& =
11X Paper Natural tan, hinck: [ High polish, satin | High mechanical strength—
e Bk s o, e e | o e g e v
while hot developed primarily for in-
2P | Paper Natural tan, bisck: | High polish, satin | Excellent cold-punching and :;"_'"“ ";“""‘.*’"::'
also black surface, shearing qualities, consiatent | | C°%" B m"‘""““ i
natural core with fair mechanical and elec- Ii-:uﬁi: ting quali-
triond e I erent values up to
3 (XX |Paper Matiiral tan, Black | High polish, satin | High insulating valus, good || the most exacting require-
machining and mechanioal Chencli de-
qunlitica pends on the elecirical and
4 | XXX | Paper Nataral tan, biack | Batin Low. dislectric lossen sud low :;_":;:‘""""’;":"""“"""
power fnctor under high- Appliey
humidity conditions
5 | XX Paper Natursl tan Ground High insulating value, Tube | Any insulsting purpose
form only
B|A Paper (aabestoa) | Natural tan, black Batin Unusually high heat resiotance | General insulation and mechan-
ieal uses where heat resistance
in of primary importance
7| AA Fabric {asbestos) | Natural tan, black Batin High heat resistance—mechans | 8imilar to Grade A, but offering
ieal strength—Ilow moisture | greater mechanical strength—
sbasorption used for valve disks in contaet
with steam, ate.
8| D Paper Red, green, ete.; also | High polish, satin | Decorative Wall panelings, table tops, desk
marble, mahogany. | dull tops, and general decorative
walnut, and others e
to order
P | LE Fabrio (Bne- Natorsl tan, black High polish, seiin | Good electrionl and machining | Replaces other grades lor elec-
wenve] qualities trical and radio insulstion
when greater toughness and
reailience sre nlao desired
10 | LE Fabrie (fine- Natural tan High polish, satin | Good electrical and machining | Where exact dimensions must
weRve) qualities, plus low water ab-| bs maintained on machined
sorption parta mnd remain unchanged
wnder temperature variations.
nnd where resistance to water
abaorption in important, such
s sleeve bearings in desp-well
pumpa and for gasoline-pump
vAnEs
11 | CE Fabric (medium- | Natural tan, black High polish, satin | High mechanical strength with | General mechanical uses
wenve) good machining and electrieal
properties
12 | CE Fabrie {medium- | Natural tan High polish, satin | High mechanical strength with | Similar to Grade CE, particu-
weRve) good machining mnd electrical | larly where it must remain
properties, plus low water ab- | unaffected by water abeorp-
sorption tion
13 | L Fahbric (fine- Natursl tan Satin Tough, reailient, high mechan- | Fine-piteh gears, intricate
wenve) jeal stremngth wnd good ma- | punchings, and for mechan-
chining qualities ol usen
14|C Fabrie (heavy- | Natural tan Batin Escellent wearing qualities— | For nonmetallie industrial gesrs
wanve) greatest possible resistance to | and for mechanical uses where
impact londs wnusual toughness and & high
ratio of strength to weight are
required
15 |L Fabrie (fine- Black Batin High mechanical strength, low | Water-lubrieated bearings
wenve graphite- water ahsorption—Ilow cosffi-
Impregnated) cient of friction when lubei-

entod
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Stress Calculations for Thin Aluminum Sheet Sections

A condensation of the article by the same title by S. A. Kilpatrick and 0. J. Schaefer, of The Glenn L. Martin
Company, in Product Engineering, February, March, April, and May, 1936.

COMPRESSION MEMBERS

By the method presented here, compression members made of formed aluminum sheet for
shapes as shown in the table below can be calculated for any length of member and any thickness
of sheet.

L = length of the column, in in. J = ultimate compressive stress of material,
p = radius of gyration generally taken as yield point
t = thickness of the sheet, in in. E = mﬁfﬂﬂm@gﬂ )
£ . = 10,500, or uminum
K = shapo {actor at given L/» C = coefficient for end restraint, as in the
K, = shape factor for short columns at about Rankine formule
Lip =20 P/A = failing stress = load at failure divided
o = allowable stress, in 1b. per sq. in. by the section area
f
=148 (1)
In the preceding equation,
I Iz
B=cri(5) @
For compact sections, tubing, corrugated sheet, and the simplest sections, use
.o J0+B)
14+ B+ B*

First, calculate ¢ from the equation. Apply the shape factor K,, given in the
table, to the following equation:
M
k- & (%) 3)
P

7 = o tanh (K9) (4)

tanh = hyperbolic tangent
Note: In general, for sections having a high shape factor, K., the shape factor, will be inversely proportional to the
external dimensions. If the shape factor thus ealeulated is less than 10, as would obtain if the external dimensions of
shape 1 were doubled, the value calculsted should be squared and the value of * should be used in place of ¢ in Eq. (4).
If section such as shape 3 does not have ample fixity along one edge as represented by the wood block or as obtain-
able by closely spaced stiffeners, the section should be ealculated as n simple angle.

As an example of the use of the table, a column of section similar to shape 2, shown
in the table, is to be designed to be made of 24 ST aluminum sheet 0.051 in. thick and
the length of the column is such that L/p is 50. The straight edges of the column are
restrained.

From the table, for a short column of this section, for L/p less than 25, we get
K, = 12. The yield point of the material by test, or from figures given by material
manufacturer, is f = 50,000, and E = 10,500,000 for 24 ST. The coefficient of end
restraint C is 1.

Then,
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SHAPE FACTORS FOR FORMED ALUMINUM COMPRESSION MEMBERS

Material Teat End K st test ¢y fb. par | Taat, yield
Shape K. #q. in., at | point, Ib,
aluminum Lip eondition Lip test L/ Pt 8. in.
t-0025-0080 2487 12.8 Flat 15.0 15.8 48,000 48,000
-
1
248T <25 Flat 12 12 50,800 50, DON
2
248T <25 Flat 10.8 0.8 50, D00 501, 000
3
248T 17.8 Flat 27 27 45,000 46,000
4
o 24RT <25 on Sa | Flat on 5a | {a) 14.3 (a) 14.3 (u) 52,000 | (a) 50,0040
I,"'--u- and 5b and 5b ib) 22.6 (b) 22.8 | (b) 52,000 | (b) 50,000
|l 3 From 15 to | Knife on 5e | (e) 15.4 (st | (e} 14.5 | (c) 55,000 | {c) 50.000
L/s = 18) (st Lfp = | (ave}
= 3 L\‘m 70 on Se »
A8 5 !
/ aondb ©
I L |
‘Wood block
on 5b B S5c
“hhim! Rief of 2pifch
on 50,bondc
3
| 24HT Noted (s) and (b} | (s) 22.8 fa) 22.6 | (o) 44,300 | (o) 47,000
fiat (b) 32.8 (8 32,68 | (b) 48,200 | () 50,000
(e} knife fe) 32,0 (nt| (e) 32.0 | () 53,000 | (2) 52,000
Lfip = 18)
8
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SHAPE FACTORS FOR FORMED ALUMINUM COMPRESSION MEMBERS (Conlinued)

Material Test End K st teat w, Ib, per | Test, yield
Shape K, in., st | point, ib.
aluminum Lip sondition Lis ’ .:'-‘u' por 59, .
178T 28.9 Flat 15.3 15 45,000 40,000
]" """ “-45"-"“'"
7
I78T 785 Flat 23atLfe = 19.0 30,000 44,000
= B8 stL/p = 55
o= 24 -+
. ¥
{ ey
i by -+
- & oliam, fi ;
8 ghom lghtenirg
: a0
Aftffwfwl'i' 4P
A= Area without hole
D= Diam. hole; P=pifch
B
178T 35.4 Flat 25 .7 34,800 41,000
|
» |
178T Length = Flat n/w 0. wW 32,000 About
24 in. 40,000
+Flal sheef simply
{suppor fed on edges
L W e
Bureou of Stds tests
10
*Hy= KX # i
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Calculate B in Eq. (2) above, with C = 1.
Use this value of B to calculate ¢ in Eq. (1), from which ¢ = 22,700 Ib. per sq. in.
From Eq. (3),

50,000\%
From Eq. (4),
% = 22,700 tanh (17.8 X 0.051)

= 22,700 X 0.72 = 16,200 lb. per sq. in.

ANGLES IN COMPRESSION
FFor angles, the following table gives the value of o for different values of L/p:

L/p v L/p ¢

0 40,000 60 27,000
20 38,000 80 18,000
10 34,000

For allowable stresses for angles,

)

where ¢t = thickness of angle b = width of leg

2
K = 14914 0.1 G - 4?)

This equation holds only for ' = 1,

SHEAR MEMBERS
Shear-resisting web designed to avoid buckling

Kx*D
f* == bt (5}
where f, = critical shear stress or buckling stress D = flexural stiffness factor
i = thickness of plate D= Ei?
b = depth of the panel or the distance il i |} )
between stiffeners, whichever may mi
be the lesser E = 10,500,000 Ib. per sq. in. for 24 8T

K = coefficient depending on value of the
ratio b/a as given by the curve, Fig. 4

Note: The sccompanying Fig. 4 gives values of K, and Fig. 5 indicates the dimension o and b.  If in & design
problem b is greater than a, the terms should be transposed.  In the equation below, b is always the smaller of the two
dimensions.

Substituting in Eq. (1),

% — Poisson’s ratio = 0.25 for 24 ST

9,240,000K
.= OO (6)
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Limitations of the equations:

1. Valid only for panels subjected to pure shear load.

2. If f, exceeds the shear yield point of the material, shear yield point should be
taken as the critical stress. For 24 ST, the shear yield point is 24,000,000 Ib. per
8q. in. approximately.

3. The equation does not give dependable results for sheets less than about
0.032 in. thick.

o weee @ SHiffeners an both sides
9 // riefole o ofa]o e o"i'lar
/ E 43 -‘l'b 9 'I ?
8 /; i ?""" ! mﬁm : mﬁw&f :I 1
j )
7 = ' i ! O ) CHO -,-_|_o"

boreseeae oozl Siifoners one sick anly
K b—1T" Fio. 5, —Dimensions a and b on & typical shear resisting
web with chord and stiffener angles on one or both sides,

\

un

4
2 "
~-J5 7+l 000/
I
; P Q064 web m
0 a 02 a3 04 ﬂ!hﬁﬁ Q7 08 @9 0 -
Ratio g €000/, 400015
Fui. 4, —Coefficient K for caleulating shear memhbers, Fio. 6,—Example of a typical shear
for different values of b/a or a/h. resisting weh,
EXAMPLE

Dimensions of, and load on, a typical shear-resisting web are given in Fig. 6.
Assume Q/I = 0.1742, where @ is the statical moment, i.e., the summation of the
various elementary areas above the neutral axis times their respective centroid dis-
tance from the neutral axis.

Applied unit shearing stress = Bh‘f:;; i:];dck}:wg:‘r

0.1742
= 40N0'X 508t

= 10,900 1b. per sq. in.
0~ (i) - vom

‘zh
gl

From Fig. 4,
K = 5.51 for b/a = 0.117
¥ 5 9,240,000 X 5.51
’ 4,520
= 11,250 1b. per sq. in.
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Therefore, since the applied unit shearing stress of 10,900 lb. per sq. in. is less than
the critical buckling stress of 11,250 1b. per sq. in., the web will carry the 4,000-lb.
shear load without bueckling.

VERTICAL STIFFENERS FOR SHEAR-RESISTING WEBS

An approximate formula for computing the required moment of inertia of the
stiffener is

i = — \zap

t 33
For 24 8T aluminum, E = 10,500,000, this equation becomes

; _2.29d ( Vh )"
= { 346,500,000
where d = distance between stiffeners h = distance between centroids of upper and lower chords
t = thickness of stiffener

Note: Best practice is to make the stiffener thickness equal to that of the web and then compute the required
moment of inertia by the above equation.

_ 2.20d ( Vh)“

DIAGONAL TENSION WEBS

To determine when a web should be designed as a shear resisting web and when
it is to be designed to carry the shear load in diagonal tension, calculate \V/h,
where V is the applied shear, in pounds, and k is the depth of the beam, in inches.
Usually, if this ratio is less than 7, the web should be designed as a diagonal tension
member. If this ratio is more than 7, a shear resisting web should be used. If the
ratio is 7, or nearly so, both types of web members should be investigated to determine
which is the more economical.

The diagonal tension stress Sy in a tension field web is

- 2V
T ht sin 2a
where h = distance between centroids of upper and lower chords
For a = 45 deg.,
2V
Sr - —h?

Theoretical maximum allowable Sy is equal to ultimate tensile strength of the
material. An allowable S; equal to about 0.7 ultimate tensile strength is recom-
mended for calculations,

Vertical Stiffeners
Compression load P’ in the stiffeners can be determined from
P= — (-F%b ) tan a
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For a = 45 deg., tan a = 1,
Vb

P'-—T

Because the web in diagonal tension tends to hold the stifieners straight, prevent
bowing as a column, the stiffeners need not be

Lo
n designed for the full column length, but only
LeTotol length of stiffener ‘ﬂ/--"" to the equivalent column length as given by
5 the curve in Fig. 7. The design of a vertical
£or stiffener is the same as for any pin-ended
:E =4 compression member.
£ Stiffeners must not be spaced farther
.E - apart than one-half the depth of the beam.
3'FT Chord Load
5 = At any point distant X from the applied
s load (Fig. 8), the total chord load is
. (D e
oO G2 04 Q6 08 WO 2 L& 6 W 20 h 2
m For a = 45 deg., this reduces to
Fra. 7.—Equivalent free buckling length for M V
tension field stiffeners is obtained by multiplying gt ek
the total mctual length by the factors from this R 2
curve, mm H - XF

The web is always neglected in computing the section modulus of the beam, for
it has no resistance to compression.

T hithiaomooord, |
|
Stiffeners ;- 3 & redxaoss
— -  AABTe e s in o - ey £ s
% . L:-.‘\h ‘“\Q\- E ll
L\ el Ll
; b - A w0 ) B ,_:r.;A,_:_,,_,?wm ------ -|l|q
L T3 e f1f ehord angles 8
‘Lower chord centroid v ‘e
F1a. 8.—Dingonal lines represent the dingonal field Fio. 9.—Example of a tension field web beam.
tension in a thin weh.
EXAMPLE
Assume two loads and dimensions as given in the accompanying Fig. 9,
8 = 2V
T~ ki sin 2«
where a = 45 deg. k= 20in.
V = 10,000 Ib. ¢ = 0.025 in.
2 X 10,000 .
Bf = m = 40,0[!] Ib. per sq. in.
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For 24 ST, allowable stress would be 0.7 X 62,000 = 43,000 lb. per sq. in.
To calculate lower chord:

M V
£% "2
where M = 10,000 X 35
h =20 V = 10,000
Maximum compression in lower chord = — m.oﬂgnx . lﬂ,él)ﬂ = —22,500 Ib.
Area of compression chord is 0.719 sq. in. Hence compressive stress developed is

P —22,500 -
e L (R —31,300 1b. per sq. in.

Maximum allowable stress, as calculated for compression member:

45,000, yield point of material, used in order to calculate crippling stress
10.8 (assumed)
0.125 in.

= ¢ tanh Ki

= 45,000 tanh (10.8 X 0.125)
= 39,300 Ib. per sq. in.

Hence, as this is greater than the 31,300 Ib. per sq. in., stress developed, the chord is
safe.

To calculate upper chord:

=AY
[ T

l

|

. ..M 'V 10000 X35 10,000
Maxunumtenmon—;hjﬁi- 20 D)

= 17,500 — 5,000 = 12,500 lb.
Tension chord area = 0.237 sq. in.

P _ 12,500
A~ 0237

Assuming 15 per cent reduction in area on account of rivets, and for anultimate
tensile strength of 62,000 Ib. per sq. in., the allowable stress will be

0.85 X 62,000 = 52,700 Ib. per sq. in.

which is not less than (and happens to be equal to) the actual stress. Hence tension
chord is safe.

= 52,700 lb. per sq. in.

Stiffeners
Compression load by equation given above is
, (Vb
Pl= — (T tan o

a = 45° tan & = 1
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Stiffener load P’ is therefore
P = %ﬂf” = —2,5001b.
Stiffener area = 0.173 sq. in.
% - %g“ = —14,450 Ib. per sq. in.
% = 0.25

From the curve for equivalent column length (Fig. 7) for d/h = 0.25, equivalent
length will be 0.39 X 20 = 7.8 in.

Radius of gyration of stiffener = 0.443
_ 18

0.443

45,000
10 (assumed)
0.051 in.

o tanh Ki

= 45,000 tanh (10 X 0.051)
= 45,000 X 0.45
= 21,200 (approx.)

DESIGN OF HOLLOW GIRDERS

Symmetrical Pure Monocoque Sections

The derivations of the equations for unsymmetrical sections for semimonocoque siruciures were developed by
Guy L. Bryan, Jr., of The Glenn L. Martin Company.

In a monocoque structure, such as shown in Fig. 10, consisting of corrugated sheet
| sections for upper and lower chord sections and thin
RS sheets for the web side skin, the maximum bending

= 17.6

MNa i

¢

| "o
1

moment stresses can be approximated closely by the
formula

i

1 M
e fi=F2 (@)
I " E
; where M = applied bending moment
i y = distance from neutral axis to fibers in question
bt .= s I. = moment of inertia of the cross section about the

Fra. 10.—8ymmetrical semi- netral dics.

monocoque structure onnuu‘hngth of

rrugated-sheet chord sections, thin : - . . s
v s skin, o pssain i In ecaleulations for this type of section, the thin side
frames. skin is neglected in all computations because it is

incapable of resisting much compression. The sheet simply dimples. Also, the error
resulting from ignoring the strength contributed by the portion of the side sheet in
tension is negligible.
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To determine the location of the neutral axis, proceed in the conventional man-
ner, as follows:

1. Divide the corrugated sheet chord sections, upper and lower, into convenient
short lengths L as indicated. L must be short enough so that the moment of inertia
of the section of length L, about its own neutral axis, will be small compared with its
moment of inertia about the neutral axis of the whole section of the structure.

2. Determine the areas A of the unit sections of length L, and locate the centroids
or centers of gravity of these sections.

3. Choose any convenient horizontal reference line.

4, Determine the distance R from the centroids to the arbitrarily chosen hori-
zontal reference line.

5. Tabulate in adjacent columns the areas A with their corresponding R, and
calculate and tabulate the products AR.

6. Add all the AR values.

7. Divide the summation of AR values by A, and the result will be D, which, as
indicated in the figure, locates the neutral axis.

To calculate I., the moment of inertia, proceed as follows:

1. Determine and tabulate the y values, i.e., the distances from the centroid of
each short length element to the neutral axis. It is necessary to do this only for the
elements lying to one side of the axis of symmetry.

2. Tabulate in the adjacent column the square of each y value.

3. Multiply each elemental area A by the square of its centroid distance y.

4. Add the Ay® values.

5. Multiply this summation by two if the elemental areas on only one side of the
axis of symmetry have been tabulated.

6. The result 22Ay* will be the moment of inertia I, of the section about the
XX axis.

This method is applicable only when the section is symmetrical and the bending
moment. is normal to the neutral axis.

Unsymmetrical Pure Monocoque Sections

An example of an unsymmetrical box beam is shown in the accompanying
Fig. 11. The fiber stress at any point on the beam cross section can be expressed by
the equation

_ (MH — ML)y + (M.H + ML)z
% T (8)

XX and YY are any convenient set of rectangular axes passing through the cen-
troid of the section, which is located by using the same method as described above for
the symmetrical section.

I. and I, are calculated by the same method as used for the symmetrical section,
I, being the moment of inertia about the XX axis and I, the moment of inertia about
the Y'Y axis.

M, is the component of the bending moment perpendicular to the XX axis.

M, is the component of moment perpendicular to YV axis.
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M, and M, are obtained by resolving the applied bending moment, which may
be at any angle to the XX axis, into its components about the XX axis and Y'Y axis,
respectively.

H is the summation of the product of each elemental area times both of its coordi-
nates, 1.e., H = ZAzy, the values of z and y being the distances from the centroid of
the elemental areas to the Y'Y axis and XX axis, respectively. Distances above the
XX axis and distances to the right of the Y'Y axis are positive. Distances below the
XX axis and distances to the left of the Y'Y axis are negative, Hence if XX and YY
are principal axes, H is equal to zero.
¥

——
r“'am“ﬂ;ﬁ;’-‘:i‘ ‘ g & """ ‘r"ﬂﬂ:i"f';‘:;l
&1',1—— 1 —?JM 0
b e 27" = G

h -
X S ? X
. T

d o ~Horizontal

A | —E e

e B wab|® 7 »
™.Verfical reference | ~Q032"smooth sheet
Fia. 11.—Unsymmetrical box beam.

From the preceding equation, the normal stress f, at any point in the cross sec-

tion can be calculated. When H is equal to zero, i.e., XX and Y'Y are the principal

axes,

IEE e ©

Further, if H is equal to zero and the section is symmetrical about one axis, at
least, and the applied bending moment makes an angle of 90 deg. with the XX axis,
and the reference axis is in the plane of the resulting bending moment,

n=My

As an example of the most general case of an unsymmetrical section such as
shown in the figure and with the applied bending moment at an angle to the neutral
axis, assume that f, had been calculated from Eq. (8) and had been found to be

fy = —1,086y + 85z (11)

For the elemental or elementary area 4 in. Fig. 8,

z = —5443 + 38.27 = —16.16

y = 31.63 — 6.81 = 24.82
= 25.57 measured to extreme fiber of corrugation

(10)

from which
Ju = —1,086 X 25.57 — 85 X 16.16
= —27,770 — 1,370
= —29,140 lb. per sq. in. compression
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Allowable Stresses for Chord Sections

For chord sections consisting of corrugated sheets, determine allowable stresses
as for columns as explained on pages 72-75. The column length of the corrugations
is taken as the distance between the transverse frames of the semimonocoque con-
struction. The coefficient of end restraint C is taken equal to one in the usual con-
struction. If the corrugations are covered with thin sheet, a value of C = 1.5 is used.

Smooth Skin with Reinforcing Stringers

The foregoing equations cannot be used for calculating a semimonocoque struc-
ture with fore-and-aft stringers. Application of the equation f, = My/I, would
imply that the sheet and stringers were stressed the same. This is true only to the
point of loading where the sheet begins to buckle. Beyond that load, the sheet con-

7~

Fig. 12.—Typieal section with smooth skin covering reinforced on inside with continuous fore and aft stringers,

tributes no further resisting, holding only its buckling load, and only the stringers
resist the further added load.

The accompanying Fig. 12 is a typical semimonocoque construction, a smooth
skin covering reinforced on the inside with continuous fore-and-aft stringers of hat
section. The allowable P/A for the stringers must first be calculated. For the sec-
tion shown, the allowable P/A of the stiffener or stringer is calculated by the method
explained under the heading Caleulation of Compression Members, page 72. As an
example, for the construction shown, assume

Distance between transverse frames = 20 in.
Coefficient of end restraint = 1.5
Radius of gyration of hat section, p = 0.56

Caleulations (see page 72) are as follows:

L 20
> =056 - 35.7
B 45,000 X 35.7*

= 1.5x* X 10,500,000
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_ 45,000 X 1.368 _ 61,500
7~ 1.368 + 0.368' _ 1.504
K, = 13 (assumed)

45, -
K =13 (41 ouom) - 136

41,000

% — Ser = 41,000 tanh 13.6 X 0.040
= 20,200 lb. per sq. in. stiffener allowable
& Coefficients for reinforced sheet
n-Ex Ser
4 i ’
AN e
RN TR Ssy= Shiffener ollowodk
o LS TN Load carried
< ~ = L by sheef = CEVERT,,
N =
, Constonts for. flat sheet P ——
R=ax n=0
0 11 J

0O @ 02 a3 04 @5 06 Q7 0B 09 W

A= %JEJ’SH

Fia. 13.—Curves for caleulsting the load carried by a curved skin reinforced by fore and aft stringers.

This is the allowable P/ A of the stiffeners. The allowable load P that the curved
sheet reinforced by the stringers can carry is equal to

P - C!’ \‘ES’T

where E = modulus of elasticity = 10,500,000 8.35 (10,500,000
¢ = sheet thickness =15\ 20200 - -8
C = coefficient dependent upon the para-
meters n and A S S
b\ Ssr

The value of C is obtained from the curves in

Fig. 13 after n and A have been calculated from ¢ = sheet thickness = 0.032 in.

the formulas (see Fig. 12 for the numerical values 0.032 [10,500,000
used for b, R and ) T =835 \ 20,200
n = % VE/Ss = 0.088

where b = stiffener spacing = 8.35 in. From th . -

R = radius of curvature = 42.5 in. A= uf:;gg ST T LRSI

Ssr = 20,200 1b. per sq. in., from the pre- !
ceding calculated stiffener allowable C=28
Hence, solving the equation for total load allowable on sheet,
P — Ct! UESH-

= 2.8 X 0.032* ¥10,500,000 X 20,200

= 2.8 X 0.032% X 3,245 X 1422
= 1,325 Ib.
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1,325
b Xt

1,320 .
= m = 4 860 Ib. per 8q. 1n.

Allowable %

This sheet value will not be realized unless the rivets are spaced closely enough
so that the sheet cannot buckle between rivets. A rivet pitch not greater than forty
times the sheet thickness is suggested as a safe limit.

Neutral axis and moment of inertia of the section are calculated in the usual
manner except that a reduced area is used for the portion of the curved sheet which is
under compression.

sheet allowable D

Effective area = A X X =

stiffener allowable * d
where D = distance from neutral axis to ex- d = distance from centroid of the portion of
treme fiber of section sheet to neutral axis,

ar

A‘rr - AK

Use K = 1 if K calculates greater than one.

Because a sheet on the compression side is only partly effective, the neutral axis
shifts to slightly below the center of the circular section (Fig. 12). The error resulting
therefrom is negligible.

For a bending moment of 3,300,000 in.-Ib. in the preceding example, the maximum
compression in the fibers is

j, = 3,300,000 X 45.9
b 7,4&]

This is equal to the allowable P/A calculated above; hence it is satisfactory.

= 20,200 Ib. per sq. in.

BOX SECTIONS SUBJECTED TO TORSION

Closed tubular or box sections are the most efficient and hence most generally
used. For a single-cell thin-walled box,

T

where f, = shearing stress, in lb. per sq. in. A = inclosed cross-sectional area in box, in sq. in.
T = applied torsional moment, in in. lb. t = thickness of skin or covering
T
=
GJ

where § = deflection in radians per in. of length J = torsion constant of the section
G = torsional modulus of elasticity, gen- 1 1 [ ds
erally taken as 0.4F for aluminum J = 447 ) 7
alloy
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For the section in Fig. 14,

f"" THE+244 (13)

When the sides of the box act as tension ﬁeld membe.rﬂ, in the preceding equation
for @ the value of ¢ used should be five-eighths the actual thickness, which will give a
reasonably accurate value for 8, the angular deflection.

In the preceding equation for stress f, the torsional moment is assumed to be
applied so as to be distributed uniformly around the perimeter, an ideal condition
which is approached by placing bulkheads or ribs
at all points of application of load so as to transfer
external loads directly to the walls of the box.

y For a multicell section such as the wing
section in Fig. 15 wherein sheets of different
thicknesses are used, and if the trailing edge

T ts t

i e W e

5 P -‘Ll;

:' | -l"'f ".“2 sl .ﬂ. l

et : (i ™ T
. e S t

A — S
Fia. 14.—8ingle-cell thin-walled box section Fra. 15, —Unsymmetrioal box beam wherein

sheets of different thicknesses are used.
portion which resists only a small part of the torque is neglected,

T = 2(A:h + Ashy) (14)

where h, = shear factor, in lb. per in. of portion h; = shear force, in Ib. per in. of portion of per-
of perimeter bounding area A, but imeter, bounding area A but not including
not including front spar web front spar web
Note that the portion of the perimeter S, is omitted, 1.e., the front spar web, the
shear per inch of which is given by

h: o] -’h == }h
Shear per inch of the three aides of thickness ¢,, {,, and ¢, is
h =% [b;(.d.; + A;) + Aiby
K L b;(Al + A:)' + A'!bl + A::b!
where b; = 8./l by = 8s/ts

Shear per inch for leading edge covering
T
he = o o(As + A9) + A
wherein
s BBy
Oy £y + ly + iy
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The shearing stress f, in any part of the box is shear per inch divided by thickness,
or

fomp

When any of the sides buckle to form diagonal tension fields, the wrinkles being
assumed to make an angle of 45 deg., the tensile stress S; is

Sy =22

Torsional deflection in 6 radians per in. of length is

i
GJ
where J is the torsion constant of the section corresponding to the moment of inertia I
as commonly used in the formulas for beams under flexure. The equations for § and
for the shear loads per inch are strictly true only for shear resisting panels. If sides
buckle to form diagonal tension fields, the values of ¢ used in the equations for by, b,,
and b; should be multiplied by 2. That is, use %t instead of {. But for the stress
caleulations for f, and Sy, always use for {, the
actual thickness. However, if allowable buckling
stress of tension field sides is high compared with
actual stress, the use of an effective thickness
{, = 3¢t will not be accurate. For reasonable
accuracy, proceed as follows: Ve

Assume that the torsional moment causing
buckling is 50,000 in.-lb. and the total applied
torsional moment is 120,000 in.-Ilb. Calculate all
stresses and deflections under a load of 50,000
in.-lb. as in a shear resisting section. Then calcu- . h::' 16.—Front mh:l.d, spars are
late stresses and deflections under a load of 70,000 designed to resist sll the bending, whereas
in.-lb. for the section as a tension field. Add the :lhe mz:; ﬁ.m'i;:; S
stresses and the deflections.

In a design as in Fig. 16, the front and rear spars are designed to resist all bending
whereas the box is assumed to resist all torsional moments. To accomplish this, the
proportion of the total bending moment resisted by each spar is proportional to the
ratios of the moments of inertia of the respective spars, to the total moment of inertia,
or

8 = (15)

__ ME,
¥n= g1, 3 5L &
M MEss a7

B 7 Erlly + Egly
where M = total applied bending moment  E, and Ey = modulus of elasticity of material

My, and My, = bending moments in front and of the spars
rear spars I, and Iy = moment of inertia of front and
rear spars
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If the front and rear spars are of the same material, Er = E,, and cancel out.
In Fig. 16, E.A. is the center of resistance to bending, and in the figure

_ Igh
=L+

The point E.A. is called the elastic center, and the locus of these points is called
the elastic axis. The torsional moment applied to the wing is the load times the dis-
tance of the center of gravity of the load to the elastic axis, i.e. P(¢ — a) in Fig. 16.
This will be the torsion that will be assumed resisted entirely by the box.

For two spars acting in bending and interconnected only by pin-ended ribs, the
load P in Fig. 16 will be divided proportionally between the two spars, as follows:

(18)

Ppg = P(bb- C] (19)
Pas = = (20)
The root bending moments will be
M, = Pyl (21)
Mg, = Pgal (22)

This proportioning of the loads applies also when the spars offer butlittle resistance
to torsion and the ribs are rigidly connected. If the spars have high torsional rigidity
or if a box as in Fig. 13 is formed, the distribution approaches that given by Eqs. (16)
and (17} for Mnl and Mll-

If all torsion about E.A. is resisted by the box in torsional shear, there is complete
interaction between spars. If no torsion is resisted by the box, the interaction is zero.
The amount of interaction is obtained from

C: Te”

=Ar (23)
where L = total length of uniform cross B, = GJ when spars have relatively little
section of box resistance to torsion
B, = total of torsional stiffness A, = I;1z/(Iy + Is), if E is same for both
of two spars plus box Spars

Generally for a stressed skin box, ratio C; is such that the moment would divide as
in Egs. (16) and (17), for all points along the span except the root. The difference
between the moment obtained by the two methods is

Mal - Mrl - M’] {24)
M:R‘=MES_MII (25)

For any degree of interaction Crz between spars, the final bending moment in each
spar is

Mr = Mn = Cx{MH = Mrl) (25)

Mg = Mg — Cn(Mn: = Mll) (27}
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C approximates 0.70 at wing root for a trapezoidally loaded box wing, for which,

Mp - D.?Mpl + 0.3Mrg (28)
M; = 0.?Mnl + G-EMH: (29)

On the assumption that Cj increases linearly from 0.70 at the root to 1.00 at 20
per cent of the half span of the wing, Eqgs. (16) and (17) apply from the wing tip to
80 per cent of the way inboard, and from this point inward to the root, Eqgs. (26) and
(27) will apply, with €' varying from 1.0 at the 80 per cent distance to 0.7 at the root.

Allowable Stresses

These must be based on the combined shear stress and direct compressive stress.
In the accompanying Fig. 17, f. and f, are the allowable compressive stress and allow-

I 1]
£ 08
§ 06 \
S ™ \
o \
] \
< 02 04 06 0B ﬂg 12
""E 02 fen/fy
. \
E-06
L3 \
e \
-2

Fia. 17.—The comhined stresses for axial and shear loads are obtained through the use of this curve plotted from
thﬂ ﬂ[l.'llﬁl}ﬂ 1= Ull]".fl‘ — Un.r'f-'l’-

able shear stress, each acting alone. When shear stress of f,, is acting together with a
compressive or tensile stress, f., will be the allowable tensile or compressive stress.
Similarly, f.. will be the allowable shear stress when a compressive stress of f,, is
present. By means of the curve in Fig. 17, the allowable f.. and f,, are readily obtained
for any ratio. This applies for curved sheet, flat sheet, or tubes and may be used for
combined bending and torsion or shear combined with axial tension or compression.
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Vorious Conditions of Loading

Uniform load, Fixed ends

Lood at center, fixed ends
Uniform load, supp.and fixed ends
Uniform loed,supported ends
Lood increasing to one end
Loed increasing to center
Lood at center, supp ond fixed ends
Lood at center, supported ends
Load increasing to fixed end
Two symmetrical ond equal loads
Uniferm load,one fised end

Two symmetrical and equal loads

Concentrated load ot free end

1

Turning Scale

CHART FOR DETERMINING BENDING MOMENTS

gs g2&88 B8

we=uniform lood per unit length

P = concentroted lood use Plb=Wih

L = total spon in inches unless
otherwise shown

Wewl

555 gIEEs s

§

I
Join Cand L extend W-TtoM
M = 100,000

2
3
4
5
L]
-]

g3 8
-Maximum Bending Moment in Pound-Inches

i

22 382 8 B

L= Length in Inches

833 § B8
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DEFLECTION OF VARIOUSLY LOADED BEAMS

lood ot free end
T
Increasing uniformly fo free end
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-
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E=29000,000 (steel). For other

material, multiply the onswer

determined on chort by ratig,
E for steel

E for given material
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Exomple

Given, simple beam with uniformly

distributed load W=50001b,

L= 10t,1=200 Ans.=0.02in.
MNote:
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Fixed end shown fhus

free bul quided end shown fm;"'—-
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STRESSES IN CANTILEVER BEAMS
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TENSILE STRENGTH OF ROUND WIRES
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RECTANGULAR MOMENTS OF INERTIA AND SECTION MODULI

Rectangular
Shape of section
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of inertia modulus
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; Nt 3 7.4 3.67
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CHAPTER IV
LATCHES, LOCKS, AND FASTENINGS

Typical methods of temporarily retaining, locking, or fastening one movable
machine part with reference to another, including detents, snap rings, wire locks, and
taper pins. Designs of indexing mechanisms, machine clamping methods and
23 examples of door and cover fastenings, all taken from actual designs, are included.
A chart for computing bolt stress is given at the end of the chapter.
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Locking Devices........................ 96
Retaining and Locking Detents........... 100

Wire Locks and Snap Rings. .. ...........
Taper-Pin Applications..................
Hingesand Pivots.......................

103
104
105
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Clamping Shoes and Plugs. . ............. 109
Lock Bolts and Indexing Mechanisms. . . . . . 111
Machine Clamps........................ 115
Door and Cover Fastenings. . ............ 116
Bolt Diameter, Load, and Stress.......... 119
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LOCKING DEVICES

» Hex.nui focked
! in ploce af end
Jetscrew holdy of shaft by heod"
/' in position one less sefscirews
/ member screw: = e
ed info another . -
Tharf?
Fic. 19 F1a. 20

Fia. 23.

5,9!:.‘ nut wedged Combination of wedge erna‘

art by smalf lock screw
threads

| Shcrew o //’{[’////’S%%
HicE——

////,///////W//é

Core-pointed screws confoct,
conical haoles provide mean ing i‘{' fexible fubing or ol fube

for locking ena‘ a'a';u:.l"m!nl‘ ‘F&;;M fubing or ol mppj

F‘m. 7. Frn, 28.

40y , Threadled collar slotfed
Knurfed nut 302 1-}? s ' aleg. 3"” Three screw
locks screw J lroles [0 deg apart give

ﬂ fockil a? pawﬁhn.r

. md #h £ fﬁw
F.‘affcnedmdthmpﬂf‘ 1 on mut el
by sleeve with holf round 'w,l
slat milled af lower end Y
Fia. 30. Fia. 31. Fro. 32.
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Special foced nut

red nut spirt § revolution m’ﬁfﬁu

) fmdmg
(s
1

A\
Threaded rod pasifioned
by fwo opposite nuts

Fic. 33. Fia. 34 F1a. 35

Fro;ec tions onr washers of various
shopes fock in frok and ogaingt bolt

== ead or soff
bross wosher
farms lock,

alre seals
a_qa-m.r + oif
eckoge

i
8

8 1 Fole refains
UM (8 soring lock
N

,Lower foce of nut milled
! ! with six grooves

e i l‘rffmgr
t shaft shoulder
& -"H'n'rmd'ﬂ exfernal

@w,

il

//%”///

Fie. 48.

A
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Flat spring,
— i

N

Fio. 49.

<V or holfround
’ VIV

L

Headless screw refoiners

Fia. 52,

Flat spring with rounded
Mﬁ%: J=l i R

Pin

i,
,:I//I;“ FOTRRE ,//;
I8y s

£ § § AN

Fio. 55.

N\

N\

\‘@t‘:\\*_- -

N )

b}

"

2

i

77
\\.

i

.

!

i

Hrrrrsrsssin,

-
N

zi 1%
g .

[ =)

N

Fia. 60,
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‘Formed wire with pin end
Fia, 583.

Clomped projections
loper pin---5 .

heod fillister screw
engoges groove in wedge
Fia. 58,

[
-_—

NZ
s
0

%

[ ! =

@r

/,//g

Fia. 61.

It
. Fra. 62.
Fras. 59-62.—Round bars may be held singly or in multiple with one- or
two-piece formed plugs and clamped either with screw or nut and washer.
Clamping plugs may be reamed in place for accurate contact with round
pieces,

F1a, 63 —8oft flexible wire that
withstands twisting offers an effi-
cient retention of either alotted
or drilled screws. Thia shows a
method used extensively in suto-
mohile rear-axle design,

www.EngineeringBooksPdf.com



LATCHES, LOCKS, AND FASTENINGS 99

T

A,

NN

AN

'%,

A

Lo

Fia, 64,

Special we - headed
r’x'a:w damﬂ;?fn"m‘:‘:

T
O

Shott locked against \Serrated heod
endwire mofaigm or screw
Fia. 67. Fia. 68,
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Fio. 80.—Driving
plunger, shown in en-
gegement at A, is pulled
out and given a 90-deg.
turn, pin X slipping into
the shallow groove as
shown at B, both members
being thus disengaged.

Y

N

/ ] /r
=
F1a. 70.—The pin in the
collar attached to the
plunger rides on the end
of the handle when in the
disengaged position and
drops into the hole ¥ to
allow engagement.

A

%

YN

FiG. 71.—A long and a
short slotted pin driven
into the casting give two
plunger positions,

Knurled

Fia. 78, —In this design,
pin A engaging in the slot prevents
the plunger from turning. This
detent is used as a temporary
gear lock which is engaged for
lsosening & drawback rod through
the gear.

Fio. 74.—An adjustable gear-case
cover lock. If the door is pushed
shut, it is sutomatically Iatched,
pulling out the knurled knob
A disengages the latch.

www.EngineeringBooksPdf.com

RETAINING AND LOCKING DETENTS

Fro. 75—In
thia design, the
plunger is re-
tained by stak-
ing or spinning
over the hole

. 72.—The plunger is pinned to the knurled at A,
, which is pulled out and twisted, the screw
A dropping into the locked position at X in the
bayonet slot.

=

V777%,
07772 |

Fia. 76.—The end of the
plunger B bearing against
the hand lever A is concaved
and prevented from turning
by the dog-point setscrew
engaging the splined alot.
Friction iz the only thing
that holds the adjustable
hand lever A in position.

Fio. TT.—A spring-backed steel
ball makes an inexpensive but effi-
cient detent, the grooves in the rod
having a long, easy riding angle.
For economy, rejected or under-
sized balls can he purchased from
manufacturers,
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Fia. 78.—Another form, in
which the grooves mre cut all
around the rod, which is then
free to turn to any position.

Fio. 82—Instead of a
ball, & hollow plunger is
used which accommo-
dates the spring. The
end is hemispherical.

. R ——

”
#

Fio. 84.—The plunger is
turned down slightly smaller
than the inside diameter of the
spring which gets its other bear-
ing against the threaded plug,
the hole in the plug guiding the
stem of the plunger.

Fio. 79. Fia. 80.
Fros. 79 and 80.—A double-locking
device for gear-shift yoke rods is
shown in Fig. 79. At A, the neutral
position is shown with ball X free in
the hole. At B, the lower rod is

shifted; ball X is forced upward, the C

101

Fig. 83.—At A is shown the usual 120-deg.
conieal spot made with a drill. At B isshown s
@#-deg. spot which gives a more positive seat,
one which will not permit the plunger to disen-
gage as readily and which is preferable when
considerable vibration is encountered.

F1o. 85.—Instead of a hole,
s slot i8 milled across the rod.
Since the plunger is conical, it
is obvious that only line con-
tact is obtained.

upper rod being retained in a neutral
position. The lower rod must also
be in neutral position before the upper
rod can be moved. A similar design
ia shown in Fig. 80, wherein & rod with
hemispherical ends is used in place of
ball X.

kind, three gear-shifting rods are locked by &
large steel ball. At A, the neutral position
is shown. At B, the lower rod has been
shifted, forcing the ball upwerd, thereby
The dashed

locking the other two rods.

o

Fis. B6.—The spring
or decreased as desired by the long hollow threaded
plug, which is then locked in position by means of
the check nut.

tension may be increased

In this design, the rod is fiattened

circle shows the position of the ball when
the right-hand rod has been shifted.

and the loeating holes, which are truncated cones
in shape, are machined into the flat surface.
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\

N
|II|
W

88 —When the
plunger dismeter and the
wall thickness are suffi-
ciently large, a keyway
can be milled into the
plunger for engaging &

Fi6. 87.—The round plunger- is flat milled to a
90-deg. included angle and prevented from tuming
hy pin A engaging milled slots in the threaded plug.
In the end view shown at B, it can be scen that, if
the spring tension is to be adjusted, at least a half
turn must be given so that the flattened point will
eoineide with the slot in the rod.

Fia. Fi6. 89.—The plunger is milled
square with round corners and
the hole is partly broached; this
does away with the necessity of
a key. The point is flat milled,

L[T ” friirterttarony e ._‘
Wil AR AAAAAAR
h'h

p - VLYYV VY VIR
? . l‘l B = f‘ \‘
22222, |1 =

Fic. 90.—8ometimes the plunger ean
he milled with s flat which bears against
a pin, as shown in the end view to the
right; thus the plunger is prevented from
turning in the hole. This design is par-
ticularly suitable for solid-type plungers.

NS e
— 1Y

il ° X2 N2

Fia. 93.—With & long spring and a fairly
short plunger, & common fat-head wire nail
can be used to support the spring against buck-

Fig. $1.—Here is shown a square-headed
plunger with ita body turned round to
accommodate the spring in an sccentric hole,
thereby giving & support to the pin A, which
acts s & key,

NeiratyeiCiy,
N AT TR o

F1o. 84.—This design is similar to Fig. 88. When confined toa
small diameter, a smaller spring is placed within the larger. By
using & {4 in. outside diameter outer spring, 25 per cent spring

Fio., 92.—Probably
one of the simplest yet
most  highly efficient
forms of detent is
merely a fat spring
bent to a 90-deg. in-
cluded angle snd seat-
iﬁ in V's milled in the

RN

A

ling. The spring also fits closely into the
plunger hole to gain support, and the plunger
is flanged at its upper end to prevent its slipping
through the hole.

tension can be gained by the addition of the inner spring. The
larger one has s sliding fit in the plunger and screw plug holes.
Two guide pins, the heads fittings closely into the larger spring, keep
the inner spring central and free from buckling.
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WIRE LOCKS AND SNAP RINGS

Y g for each fin.

—

wire fock diarmefer
is smaller than
diameter D, Fig 96

X
'] ..;:'"lap should have

Fia. 97.

2 el
s B

Fra. 100.

- Lubricator

4~ Wire fock holls
felf and also

L= When nut Fron "3 i :
3 WrE Screen n

/s cha rew hole
must bé drilled in
shaft

vl
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TAPER-PIN APPLICATIONS

"

Fia. 109 Fio. 110, Fig. 111, Fie. 112,

Fic. 109.—The conventional way of applying s taper pin, which depends upon friction to hold the pin in place.
In gear boxes and other sealed mechanisms where it would be injurious for & pin to work loose, positive Jocking means
must be provided.

Fig. 110.—The large end of the pin comes just below the surface of the external member it is holding and is
staked as shown in the plan view. These little swellings, or burrs, straighten out or shear off if it is necessary to remove
the pin, but usually will score the surface of the pin. It should be noted that cast iron does not stake readily aa it
is brittle and will not flow.

Fi1a. 111.—A small cotter pin retains but does not prevent loosening of the taper pin.

Fic. 112.—With this design, the taper pin is pulled tight with the hex nut which bears aguinst a flat on the
external member, although this flat is not necessary. Bome engineers prefer to use a lock washer under the nut, in
which case both the nut and the external member should not be hardened. Thus the lock washer can get a grip.

:,’/ _ u - SN0 = ﬂ}\\?

Fia. 113, Fia. 114.
F16. 113.—In this design, the screw stud is expanded and locked by the use of a taper pin. The stud is slitted
15 shown in the end view. The taper pin rests in the bottom of the hole, and the stud is screwed in until it can be
turned no farther.
Fio. 114.—This shows & twofold purpose, The sawed-off taper pin acts as & holding device and as a key guide to
the alidable inner member.

%

%

?}}.

O N

RN

Fia. 115. Fia. 116. Fio. 117. Fra. 118.

Fra. 115.—Here the pin is fisttened off and used as a wedge. This method calls for accurate work, but, if the
hole is reamed too large or wears too much, the next larger taper pin may be used.

Fios. 116, 117, and 118.—When a taper pin is to be used in a blind hole, one of the three methods shown here can
beused. To facilitate loosening the pin, a square may be milled at the large end as in Fig. 116. It is well to cynnide
thissquared end. Figure 117 shows a special form with a square head, the flat of which is equal to the large diameter.
This type should be hardened all over and ground on the body. In Fig. 118, the pin is threaded and jacked out by a
hex nut against 8 washer. The top end should be cynnided so it will not be pounded over during sssembly. A fine
thread should be used so as not to weaken the pin by too small & root diameter. For appearances, the washer and
nut are left on, but this does not render it foolproof. This form is used as a dowel pin where the held member must
be located accurately.

Vi
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HINGES AND PIVOTS FOR COVERS AND FLEXIBLE JOINTS

AR OO A 7 A SN : ORI A

o ) - 7, DODDNNNNND s :":: e e e

AT DNNDNNNND A P NN £ | RN A SN W
Fi6. 119.—Com- Fia. 120.—With Fia. 121.—A Fia. 122 —A
mon cover hinge the end peened, plain pin with two double tapered
with pin tight in the pin ecan be cotters can be used hole in cover lugs
the cover and loose made & loose fit in in place of =& with pin fitting
in the hinge lugs. all lugs. peened rivet. tightly in outer

lugs.

N\ Zg

-/ ...... / G .. i

V% '/jf,/,//\a..\\ < N -

Fra. 123.—Sheet-metal cover Fic. 124.—A tapered pin makes Fig. 125—Combination straight
bent around the hinge pin. hinge adjustable. and taper-pin hinge.

-5_"//1? £5 \‘&\\‘h\“&\\?\\\\\‘ 7//#//}

1=, //A ['II'II'II'I 2
ez "’V/ 7. '_-UUI.!EIU. )
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Fw 12& —Ehnimud and ground washers to Fio. 127.—Pivot bearing with
prevent wear. A, hinge lugs milled to prevent shouldered center pin and adjust-
mhm from turning. B, washers retained by & able cone-pointed screw with lock.
pin.

DN £ Y /I//f//f/llil-‘fl o] '\\\\\\\-"-
a ‘ "y !'ﬂ- m "lm ¥
\ \\\\\\.\\ . ““ \.“\ %

lem.—hdﬁ;nformd‘utymd Fira. 120.—Capped eccentric pin bear- Fia. laﬂ—ﬁvutbutb
long life. ing makes cover adjustable. ing with hardened con-
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=JULULULYS
.'\.

,\

St

Fra. 131—
Bheet-iron
cover swinging shouldered  stud ing on stud.
on headed pin and retained by shouldered and
which is peened washer. the casting coun-
over at the terhored.
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=

Fro. 137.—S8heet-iron cover with

Fia. 135. . 1386,
Fig. 135.—Shouldered bushing hinge ears fastened with shouldered

Fia. 138

eentered in counterbored hole.
Fia. 136.—Bushing centered and

hex head stud or fillister head screws.

held by stud screw, should
have ample
clearance,
]
L]
[
f i 1
I\ 4
Fia, 140.—A 143.— Fio. 144.—
poor deaign where- conventional ma- An  incorrect With a headless
in all the thrust is chine door hinge. design because hinge pin, the
taken on the lower it requires re- cover can be
case lug and the moval of the lifted off.
span of the cover small pin for
lug is reduced. disassembling.
P — 1 e E—

F16. 145.—8eparable lugs are used
when the casting is too large for small
lugn to cast satisfactorily.

4

V2
Fia. 147.—Wrong method of

fastening steel lug, requiring cut

and try. End view shows
resulta,

Fia.
verted pin, the cover lug
ean be amaller,  Studas are
positioned before the final
pinning.
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o

Fio. 151.—When swing-

Fia. 149 —Common Fra. 150.—Cover lugs cast
stecl hinge applied to a integrally, and pivot pins fas- ing memher A is to be
machine-tool cover. tened in loose piece for greater removable, the bearing is
E cut as in the left view.

Fm l&i —ﬂmnpn; rod re- Fiao. 154 —.—'Ifeg
tained by pinned collar A. Both gle or pawl joint,
Angle A should be

h
lugs are integral with the casting. 30 to 45 deg. to

retain the member,

;\\\\\\\\\\&\\\\%

- x\\\h””m W‘“f e
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Fia. 156.—Nesdle-bear-
ing pivot for either rota-

F1o, 155 —Radial and axial play are taken
up by the hardened and ground bushings

tapered to an included angle of 22} deg., tion or oscillation, with
sufficient to prevent sticking. three hardened and ground
washers for separating the

™.

AMMMN
% /// “\“\\.

\\%}///z

/5?.-%/ A ‘\\\\\\\
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\

Fio. 157.—Three ball joints used in s gear-shift Fia. 158.—8ocket joint Fra. 150.—8elf-ad-
mechanism. Hole A is in shifting rod; B is the pivoting ~ with hemispherical rod justing socket joint,
center, which is retained by the inserted locating plug  ends held in place by serew The sheet-metal
at C. bushings. spring cover is held

in place by two serews.
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housing with cover
fastened by spot
welding.

HANDBOOK OF MECHANICAL DESIGN
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Fie. 161.—The flattened
sphere is held by the center
stud, Felt seals are used to

retain the grease,

Fia. 165.—Arm joint of &
pantograph machine, with cen-
ter stud elamped without end
play, stud head and bushing
end forming the ball race.

Fio. 162.—Combinn-
tion pivot joint and
end-thrust bearing, the
ball being retained by
the washer spun over
the fixed screw.
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Fio. 163.—Universal
joint, the smaller pin
being retained by wire
ENAP Fing.

R, ey

Fia. 166.—Arm joint delig:nui
for accurncy. Upper ball bear-
ing takes all thrust esused by
weight, and the spindle is pinned
to the stationary member. The
bearing has a light press fit.
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CLAMPING SHOES AND PLUGS

N N

? A ¥ _§
777
Fia. 167.—Plug may mar the Fio, 168.—The 60-deg. point Fio. 1680.—A fiat filed or milled
ghaft to the extent that dis- does not always line up with the on the shaft is an improvement.
assembling might be impossaible. bottom of the thread, But the cup point of the screw bites
The smooth surfaces of the hole are into the flat, and, once a ring is
scored. made into the flat, it is hard to get

clear of it when the held member
must be moved to either side.

_ .

I
.y

)

G, 170.—A further im- Fis. 171.—A variation Fio. 17T2—Here the Fi1a. 173.—This issimi-
provement is & brass plug of the preceding construe-  side in contact with the lar to_the_ construction
making & loose fit with the tion is obtained by shaft mskes = full fit, shown in Fig. 172, a tap
inside diameter of the making the plug a press schieved by inserting a being used instead of a
threaded hole, fit in the screw, reamer into the hub bore  reamer,

and constantly feeding
the elamping serew while
the reamer is turning.

ﬂﬂ nnnﬂh _'..:i_--;.;._
LI LI

Fio. 174—When & Fig. 175.—This construction facilitates Fio. 176.—Thia shows
longer clamping surface ia  the removal of the plug but can be used  another method of removing
desired, o slot similar to & only when the diameter of the clamping & plug, by first removing the
keyway is cut into the  screw is large enough. Freedom of the  clamping secrew and then

retaining member. internsal fillister head screw permits the inserting a small screw to fit
plug to assume its natural position against the tapped hole.
the shaft.

[

Fia. 177, Fia, 178.

Fias. 177-179.—In these modifications of the clamping plug, the shoe is assembled after the clamping screw is

serewed through the hole. In Figa. 177 and 179, the shoe is retained by spinning or riveting, whereas in Fig. 178a

pin through the hub of the shoe engages the circulsr half-round groove near the end of the screw.  In each case, the
inat the shoulder of the serew.

?
!
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Fio. 180.—Here the Fio. 18l.—A lock F16. 182.—This is another adaptation of the methods
plug is in the form of & washer under the hollow used in Figs. 177-179. A ball end is pinned fast in the
rod, which allows the headless screw locks both retaining screw, which acts like & swivel for the clamp-
use of a short set- the screw and plug in  ing shoe, the latter being held in place by a small fillister

sorew. This saves place. head screw in an oversize hole. The swiveling permits
tapping a long hole the shoe to mccommodste itsell to rough or uneven
nmi “liﬂs Y Iﬂ.‘ gurfaces,

Borew,

e,
o o

‘@" \ %
D 3
Fia, 183.—Here the shoe clamps Fia. 184—The round-pointed Fia. 185.—In this modified con-
the ring about the shaft. It is screw allows the plug to swivel 6 to struction, the dog-point setserew
made in key form, de, & slot is Sdeg. The pin isfor locating work retains the key after the screw is
cut in the external member to in & level position, & number of loosened, the dog point fitting in
accommodate the shoe. The them being used for this purpose. the oversize hole in the key. This,
V in the shoe should be 80 deg. The fiat in milled 6 to 8 deg. from of course, requires a key somewhat
the vertical, the feature being that wider than the diameter of the dog
the plug prevents lowering when point of the screw.

weight is applied.
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LOCK BOLTS AND INDEXING MECHANISMS

: J;.f |\\:\.\"'~!~ I y -
// 70 Mochined ﬂm fo prevent rofotion

Fia. 186, Fia. 187.

Operating .auringpu:ﬁel ogainst pin

e Ciday of slofs b ;I‘-HHJ 1"-'_-’:6:';-?/’//
et Both
;ﬁ'!::smﬁ'rﬁ
Conical-ended Shot
fock i

N s ARSI LAAALI |

‘&\\?\FHI L wg"' i

Nzt

Pin h.-qoaéw?wfaf" v St
ke i hme holt & furned 90 deg. “lock bolt
Fra. 190. Fin. 191.

ilock bolt

--Fiat ground prece ocfs asa
" ock 537 by engoging slof

f' Pivol -
i

J'-:w \.‘Fpﬂng mm
engoged

*Cam actuates geor segment
Fio. 192, Fia, 194,
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J~Lock bolt with

== =
o ]
5// G AAAAAALAN
o " rack machined

AV YYYY YYD
/%f/t".:'— E LS
. e

e | ~ Rectangular lock
15-4 | K4 oL =1 .
EAXS erirally fo - “Pinwen ma
| S e
4 hondle

]?:m. 195.—A mack is machined in the lock bolt.
Pinion meshing with rack is manually actuated with
wrench or handle,

Frg. 184.—In this design the rectangular lock bolt is
milled out centrally to accommodate actuating spring.
A pin is provided for hand actuation when deaired.

Fi6. 197 —More accurate form of
lock bolt, which is claimed by many

L% I When iniesing. sy, S B to be the correct method for this
of the pate. At point A, it stara 1o slide S s s e o
down the inclined slot. At is shown

or wearing action that takes place.
In case the plate has overrun or indexed past its
position as at C, the spring behind the lock bolt
is required to turn the plate, together with
the whole rotating mass attached to it, back-
ward, resulting in wear on the side opposite
to that shown at B. At D, complete engage-
mient is shown. Rounded corners ms at X
and ¥ should be provided. There should be
plenty of clearance as at E to allow for wear
because of the small angle of the slot. At M is
shown an improved form of gear. It masures
clearance and provides for grinding of the
angular surfaces if necessary. If the lock-bolt
spring is not strong enough to seat the bolt by
rotating the plate, vibration will usually com-
plete the seating, causing chatter at the cutting
tool or spindle and wear on the bolt and slot.
In this type of bolt, the angular sides are alike,
hence the direction may be opposite from that
shown.

the bolt, whereas the straight or
radinl mde positions the bolt accu-
rately. Positions A, B, C, and D
correspond to those in Fig. 196, and
indicate that the corners X and ¥
should be rounded. At H is shown
how the groove ig ground. Other
notations are the same aa given in
Fig. 196,

,;Fafgm?rhr mit. occurate
risetting of bolf i both side
phaly, A directions

- R S

- wz//xzxf/kffmm |

Fig. 190,
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wory i balf
Fra. 200. Fia. 201.
Lever, 'Iaper_am
1] x -~
1L R e
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Fra, 208.—Plates A and C are fastened
together, the former accommodating the bolt B,
whereas plate C is positioned by bolt D.
Rotated in direction of arrow, bolt B slides into
alot in plate A, one side being milled to 20 deg.
When indexing begins and bolt IJ is pulled away,
45-deg, slot in plate 4 pushes out the bolt B,
both bolts then riding on periphery of respective
plates, and bolt D sliding down the easy incline F
to a predetermined depth.

Fio. 204.—Bolt integral with lever arm has ears directly
above the pivot shaft fitting on either side of the plate. As the
plate reciprocates, it pulls the bolt along with it. Cam contacts
roller, the cam being long enough at X to accommodate the
required travel of plate and bolt. ‘The welded ring fits in groove
in hub of plate and is connected to tension spring, the other end
of which engages a pin in lever,
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Plan

Fia. 207.—By using a lock-bolt plate larger than the work, the indexing error is diminished. The swinging lock
bolt is released sutomatically by the spring plunger, which has a predetermined movement, when the hand-operated
lever is moved to the left, as shown by the arrow marked Release, and the cam contacts the rounded top surface of the
lock bolt. The ratchet is keyed with the lock-bolt plate to the spindle. As the lock bolt is released and the lever is
rotated 30 deg. counterclockwise, the pawl engages the next tooth in the ratehet wheel at X. The lever is then pulled
in the direction of the arrow marked Index, the cam moving the lock bolt downward into the next opening in the
lock-bolt plate. The plan view of the holt shows the two centering lugs between which the lock bolt is additionally
supported.

Lock-bolt plafe
keyed
r;Jprhg-badrd fock b?f.li

Fio. 208, Fio. 200.

F16. 208.—The handle is mounted on the plate and is independent of the lock-bolt plate. Asthe handleis pulled to
the left, the prong pushes against the pin driven into the spring-backed lock bolt, thereby disengaging the bolt. At
the pame time, the second prong contacts the plate at Z. Both plates then move simultaneously, releasing the lock
bolt, which rides on the periphery of the lock-boit plate, and the bolt falls into the next slot. The handle is then pushed
back mgain, clockwise, contacting the plate nt K, upon which a third prong pushes against the pin-seating lock bolt
in a locked position.

F1a. 208.—The plate is indexed through a hslf revolution in one direction and then back again in the opposite direc-
tion. Thelock-bolt plate is keyed to the spindle. The lock-bolt operating plate is free to rotate on the spindle. When
the indexing handle is pushed counterclockwise, as shown at the right, groove F in the plate forces the lock bolt out of
engagement, The pin driven into the plate engages the slot in the plate, thereby lining up groove J withslot K. Upon
further movement in & counterclockwise direction, the rofler on the bolt may slide into groove J and the bolt may enter
slot K. The dashed line in both views show the positions when indexing in the opposite directions.
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217.—Clamping

with a eplit bracket.

Fie.

Fio. 218.—Clamping slid-
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Fig. 211.—Clamping Fio. 212.—8pindle clamping bolt.

by spring dovetail.
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Clamping with bolt
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Fio. 219.—Clamping & swiveling column.
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Fra. 218 —Clamping with an eccentric,
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DOOR AND COVER FASTENINGS
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Fio. 224.—8nap-type fas- Fio. 225.—8nap-type fastener using Fio. 226,
tener using = flat formed round wire spring.
spring.
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Fia. 241.—Plain gravity latch.
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BOLT DIAMETER,LOAD,AND STRESS—U.S,. STANDARD 60-DEG.V THREAD
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Design of Helical Springs
Condensation of the standard specifications and design procedure adopted by the Atlas Imperial Diesel Engine
Company as sel forth by W. M. Griffith, product engineer of that company, in March and April 1937, Product
Engineering.
CLASSES OF SPRING SERVICE
Class I. Rapid, continuous deflection over a uniform stress range from zero to a
maximum or from an intermediate stress to maximum—as in engine valve springs.
Class II. Rapid deflections over a variable stress range that may be from zero to
intermediate, intermediate to maximum, or zero to maximum—but with only
intermittent operation—as in springs for engine governors.
Class I1I. Statically loaded at maximum stress or infrequent deflections with
stress range from zero to intermediate, intermediate to maximum, or zero to
maximum—but with only infrequent operation—as springs for relief valves.

PURCHASE SPECIFICATIONS FOR SPRING WIRE
The minimum physical properties given in these specifications are 95 per cent of
the average values determined by tests. Thus the minimum physical properties here
specified are well within commercial limits.

SWEDISH STEEL SPRING WIRE SPECIFICATIONS

Generally used for Class I extension or compression springs and Class II and
Class ITI extension springs, in wire diameters from 0.1055 in. up to 0.262 in. This
material can be used for springs of larger or smaller wire diameter, but generally
music wire is used for the smaller wire diameters and carbon steel for the larger wires.

1. Steel Manufacture
This steel is to be of Swedish manufacture according to approved practice by the
acid open-hearth or electrie-furnace process.

2. Chemical Composition

CRTBO i wasiavnwis s Wi s 0.60-0.70 Phosphorus.............covvauen 0.025 max.
MADGRDeSE. . i . o voivivasia v v 0.45-0.86 Bulphur............coevvimiains 0.025 max.
BIHCOn. .oov e 0.15-0.25
3. Physical Properties
Minimum tensile Minimum torsional
5 . in. h, 1b. . in.
E ok wtre aineter, 6 strength, Ib. per sq .m strength, 1b. per sq _1n
Ultimate Eiastic Ultimate Elnstic
limit limit
01055 and under. . ...t 212,000 154,000 184,000 112,000
D YAOE-0ABB0. . iviinsimv s oo sioissmm s sonns 202,000 146,000 175,000 106,000
0.1483-0.1920. . . ciivivanin e eiie i coo..| 187,000 136,000 163,000 99,000
0.2070-0.2626. .. ..o\ eonesrnsssnssnnsnns 175,000 126,000 151,000 92,000
0.2812-0.3437 . ... cviv i 164,000 119,000 142,000 86,000
O BB25-0ABTE . oo cvvvivu s v s wes s a e 155,000 112,000 135,000 82,000
04615-05625...............cccocciaiann, 146,000 106,000 127,000 77,000

Reduction of area, 48 per cent minimum. Elongation in 10 in., 5 per cent minimum.
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Twist Test: Samples taken from any part of the bundle of wire must withstand
twisting seven revolutions forward and seven reverse, at a twisting speed not to exceed
25 r.p.m., for the number of times as given in the following table, and the ultimate
break must be clean and square.

Length of wire between grips, 10 in.:

Diameter of wire, in. .| 0.1055 | 0.1205 | 0.1250 | 0.1350 | 0.1483 | 0.1563 | 0.1620 | 0.1770
Minimum twisting
cycles............. 23 20 20 18 17 16 15 14

Length of wire between grips, 15 in.:

Diameter of wire, in. .| 0.1875 | 0.1920 | 0.2070 | 0.2188 | 0.2253 0.2437 | 0.2500 | 0.2625
Minimum twisting
eycles............. 20 19 18 17 16 15 15 14

Length of wire between grips, 20 in.:

Diameter of wire, in...........| 0.2813 | 0.2830 | 0.3065 | 0.3125 | 0.3310 | 0.3438 | 0.3625
Minimum twisting cycles. .. ... 18 17 16 16 15 14 14

Length of wire between grips, 30 in.:

Diameter of wire, in.0. 3750{0.39380. 40630. 4305(0. 4375/0. 4615{0. 4688/0. 4900{0. 500/0. 5313/0. 5625
Minimum twisting
cycles........... 1 1 17 17 16 16 15 15 14 13

4. Surface Conditions
Upon etching with a hot solution of hydrochloric acid sufficiently to disclose
surface defects, no hairline cracks, seams, pits, gouges, die marks, or other imperfec-
tions shall be revealed. Decarburization must be held to a minimum.

6. Limits of Variations in Diameter

Wire diameter 0.162 in. and less—plus or minus 0.0015 in.
Wire diameter 0.1770 in. and over—plus or minus 0.002 in.

6. Inspection, Rejections, and Replacements

All springs will be rigidly inspected at the plant as received. If more than a
total of 10 per cent of the springs on any one purchase order are made of steel that
fails to comply with the preceding specifications, or with the specifications on the
detail drawing, the entire lot will be rejected. All springs rejected at the plant will
be held at the seller’s risk for a reasonable length of time, subject to his instructions,
and shall be replaced by the seller without further cost to the purchaser.
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CARBON-STEEL SPRING WIRE SPECIFICATIONS
Generally used for springs of wire diameter greater than 0.262 in. and also for
square or rectangular wire ranging from g2 X }42 in. up to ¢ X 4 in., advancing
by 42 in., and for sizes larger than }¢ X !4 in., advancing by }e in.
1. Steel Manufacture

This steel is to be made according to approved practice by the electrie-furnace or
open-hearth process.

2. Chemical Composition

Carbon.. e i e Jidling i d e 0.60-0.70 Bulphur............ ..ol 0.025 max.
Manganese..................c0000 0.45-0.65 Phosphorus.............coovvun... 0.025 max.
3. Physical Properties

Minimum tensile Minimum torsional

Batign ofwitesdiaotar, i, strength, Ib. per sq. in, | strength, Ib. per sq. in.

Ultimate | Elastic limit| Ultimate |Elastic limit
01065 and under. ....................c.0.... 202,000 132,000 165,000 108,000
010801880 .0 s vvaiviiiisiavna s ssimsis 191,000 125,000 157,000 103,000
0.1483-0.1920. . .......coiiinnnn SRR ... 178,000 117,000 145,000 95,000
0.2070-0.2625. ... .. .. it e e el e e 165,000 108,000 136,000 89,000
D2B1I-0.8438. ...oovoiviisovnamaimmmesseseis 156,000 102,000 127,000 84,000
0.3625-0.4375........... e R R 147,000 97,000 121,000 79,000
0.4615-0.5625. .. ........... s L 139,000 91,000 | 114,000 74,000

lteduction of ares 48 per cent minimum. Elongation in 10 in., 5 per cent minimum.

4, Surface Conditions

Upon etching with a hot solution of hydrochloric acid sufficiently to disclose sur-
face defects, no seams, hairline or otherwise, pits, gouges, die marks, or other imper-
fections shall be revealed. Decarburization must be held to a minimum.

b. Limits of Variation in Diameter

Wire diameter 0.1762 in. and less—plus or minus 0.0015 in.
Wire diameter 0.177 in. and over—plus or minus 0.002 in.

6. Inspection, Rejections, and Replacements

All springs will be rigidly inspected at the plants as received. If more than a
total of 10 per cent of the springs on any one purchase order are made of steel that
fails to comply with the above specifications, or with the specifications on the detail
drawing, the entire lot will be rejected. All springs rejected at the plants will be held
at the seller’s risk for a reasonable length of time, subject to his instructions, and shall
be replaced by the seller without further cost to the purchaser.
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CHROME-VANADIUM-STEEL SPRING WIRE, S.A.E. 6160 SPECIFICATIONS

Generally used for same range of sizes of spring wire as covered by carbon-steel
spring wire, and where the higher physicals of the chrome-vanadium-steel wire make
its use specially desirable or necessary.

1. Steel Manufacture

This steel is to be made according to approved practice by the electrie-furnace or

open-hearth process.

2. Chemical Composition

ORI oo wiirionss wrcoriin o wemis 3 5 6mw0ice 0.45-0.55 Bulphur..........c.coviiiiiinnns 0.5 max.
Manganese................cccaauns 0.50-0.90 Phosphorus....................... 0.04 max.
Chromium....................... 0.80-1.10 SBilicon............coivvnuennann 0.15-0.30
Vanadium........................ 0.15 min.
3. Physical Properties
Minimum tensile Minimum torsional
strength, lb. per sq. in. | strength, lb. per sq. in.
Range of wire diameter, in.
; Elastic ’ Elastic
Ultimate limit Ultimate limit
0.1056 and under. . ...........ooiiiiiiiinn.. 212,000 | 195,000 | 158,000 | 116,000
0120501850 . ... 202,000 | 184,000 | 149,000 | 111,000
0.0483-0.1920. . ... vvvniiiiia i 187,000 171,000 139,000 103,000
T — 174,000 | 160,000 | 130,000 95,000
0.2813-03438.............coovnn ER———— 163,000 150,000 122,000 89,000
0902504875, ... cciv i 155,000 143,000 116,000 84,500
DASIE-D.BA2Y . svhss EEsssssRsTTE R 146,000 134,000 108,000 B0, 000

Reduction of area, 48 per cent minimum. Elongation in 8 in., 3} per cent minimum. Rockwell C, 42-46.
4. Surface Conditions

Upon etching with a hot solution of hydrochloric acid sufficiently to disclose
surface defects, no seams, hairline or otherwise, pits, gouges, die marks, or other
imperfections shall be revealed. Decarburization must be held to a minimum.

5. Limits of Variation in Diameter
Wire diameter 0.1620 in. and less—plus or minus 0.0015
Wire diameter 0.177 in. and over—plus or minus 0.002
6. Inspection, Rejections, and Replacements

All springs will be rigidly inspected at the plants as received. If more than a
total of 10 per cent of the springs on any one purchase order are made of steel that
fails to comply with the above specifications, or with the specifications on the detail
drawing, the entire lot will be rejected. All springs rejected shall be replaced by the
seller without further cost to the purchaser.
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MUSIC-WIRE SPRING STEEL SPECIFICATIONS
Generally used for Class I compression springs in wire sizes up to and including

0.105 in, wire diameter.

1. Steel Manufacture

Springs made of this wire should not be finished.

This steel is to be of Swedish manufacture according to approved practice by
the acid open-hearth or electrie-furnace process.

2. Chemical Composition

ORPBON, ... o ocmnim 5 nim b mimn e b 0.60-1.00 Sulphur........ ... coiiiiiiiienn 0.25 max
Manganese. .. ......ovivearneennies 0.25-0.50 Phosphorus............c.oovvnnnnn. 0.25 max
Silicon soeamssminaaes UL a0

3. Physical Properties

Minimum tensile Minimum torsional
of wire diameter. in strength, 1b. per sq. in. | strength, lb. per sq. in.

& s " Elastic X Elastic

Ultimate limit Ultimate limit

000Bandunder..........ooiiiiiiiiiiaiann 363,000 216,000 207,000 163,000
O00D=001 2. .o RS aaaie e s 360,000 214,000 205,000 162,000
00130020 ... ... ...covviiiernnnnns T 346,000 207,000 285,000 156,000
DDZZ0.080: oo vivmioin 516 wwisa s e s 334,000 201,000 275,000 150,000
DORDOMY - v cvsisa S s 324,000 195,000 266 ,000 145,000
D.042-0.05]. ..0eerneecnrvnncnecnearenennen 313,000 188,000 256,000 141,000
0.055-0.083. ..o 303,000 181,000 248,000 136,000
QOBT=0L0TB. oo i aden e e s oo s i 292,000 175,000 238,000 130,000
OB OMRO...vvsis v v oA e 283,000 | 170,000 | 232,000 | 126,000
0.095-0.105, . ... . oo, 275,000 164,000 225,000 123,000

Neduction in ares, 46 per cent minimum. Elongation in 8 in., 2 per cent minimum.

4. Surface Conditions

Upon etching with a hot solution of hydrochloric acid sufficiently to disclose
surface defects, no seams, hairline or otherwise, pits, gouges, die marks, or other
imperfections shall be revealed. Decarburization must be held to & minimum.

6. Limits of Variation in Diameter

Wire diameter 0.025 in. and under—plus or minus 0.00025 in.
Wire diameter 0.027 to 0.063 in.—plus or minus 0.0005 in.
Wire diameter 0.067 in. and over —plus or minus 0.001 in.

6. Inspection, Rejections, and Replacements

All springs will be rigidly inspected at the plants as received. If more than a
total of 10 per cent of the springs on any one purchase order are made of steel that
fails to comply with the above specifications, or with the specifications on the detail
drawing, the entire lot will be rejected. All springs rejected shall be replaced by
the seller without further cost to the purchaser.
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PHOSPHOR BRONZE SPRING WIRE—S.A.E. 81
Used only for small springs, especially where resistance to moisture or other
corrosion is essential. Can be used in Class I, Class II, or Class III service. Diam-
eters are specified in Brown and Sharpe gage numbers. Square or rectangular mate-
rial may be used from a minimum size of }§2 X 42 in. to &4 maximum of !4 X }¢in.,
advanecing by 42 in.

1. Chemical Composition

T oo ieienenensennsvenane.. $.00-6.00 Iron,max........................ 0.10
Phosphorus. ..........c.covvevnnns 0.03-0.40 Lead max........................ 0.10
TANG, TR, .. ooveraoanasnsinsin. .. 0.20 Capner:: s S R RS remainder
2. Tensile Strength
Minmum

Range oF Wire = TensiLe STRENGTH,

DiameTER, IN. Ls. pEr Sq. In.

Up to 0.0625 130,000

0.0625-0. 1250 120,000

0.1250-0.2500 110,000

0.2500-0. 3750 100,000

3. Bend Test

The wire should be capable of being bent through an angle of 180 deg. flat back
on itself without fracture on the outside of the bent portion.

4. Appearance
The wire shall be uniform in quality and temper, eylindrieal in shape, and smooth
and free from injurious defects.
6. Dimensional Tolerances

The wire shall not vary from the specified diameter by more than the following:
Sizes over 0.050 in., by plus or minus 1 per cent

Sizes 0.050 to 0.025 in., by plus or minus 0.0005 in.

Sizes under 0.025 in., by plus or minus 0.00025 in.

BRASS SPRING WIRE, S.A.E. 80

This material may be used for the same types and classes of springs for which
phosphor bronze is suitable. It is available in two grades, as given below, Grade A
for use where the requirements are especially severe and Grade B for use under
ordinary conditions. Grade B will be furnished unless otherwise specified.

1. Chemical Composition

Constituents Grade A | GradeB
ORI 570 3 0 RS o oD w5 S E 70.00-74.00 64.00-68.00
Lead, maximum. ............. e 0.10 0.10
Iron, maximum........... N ——— 0.06 0.07
Zing........ viierieseveieseno-l Remainder Remainder
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2. Physical Properties

This wire shall have a tensile strength of at least 100,000 1b. per sq. in. but should
be capable of being bent through an angle of 180 deg. around a wire of the same
diameter without breaking.

3. Appearance

The wire shall be uniform in quality and temper, eylindrical in shape, and smooth
and free from injurious defects.

4. Dimensional Tolerances

The wire shall not vary from the specified diameter by more than the following:
Sizes over 0.050 in., by plus or minus 1 per cent

Sizes 0.050 to 0.025 in., by plus or minus 0.0005 in.

Sizes under 0.025 in. by plus or minus 0.00025 in.

DESIGN CALCULATIONS

Class I springs, 1.e., springs subjected to rapid continuous deflections over a uni-
form stress range from zero to maximum or from an intermediate stress to maximum,
as in engine valve springs, must be designed on the basis of the endurance limit of
the material. Class IT and Class III springs, respectively, springs that operate only
intermittently or springs that are statically loaded are designed on the basis of the
static strength of the material.

Because the static strength of wire of a given material increases with decreased
wire diameter, as shown in Figs. 243 to 247, a larger permissible stress can be used for
the smaller wires. The following table gives the maximum permissible working
stresses for springs for Class IT and Class III service.

MAXIMUM PERMISSIHELE STRESSES, POUNDS PER SQUARE INCH
For Class 11 and Class 11T Bervice

Compression springs | Extension springs Torsion springs
0.1055- | 0.2812- | 0.1055- | 0.2812- 0.1055- 0.2812-
Taeiok st 0.2625 | 0.5625 | 0.2625 | 0.5625 | 0.2625 | 0.5625
wire wire wire wire wire wire
diameter | diameter | diameter | diameter | diameter | diameter
Class I1:
Swedish. . 66,000 55,250 52,800 44,200 79,200 66,300
Carbon. . . 63,750 53,500 51,000 42,800 76,500 64,200
Vanadium. ............ 76,000 | 64,250 | 60,800 | 51,400 | 91,200 | 77,100
Class II1:
Swedish. . 77,500 65,000 62,000 52,000 93,000 78,000
T T 75,000 | 63,000 | 60,000 | 50,400 90,000 | 75,800
Vanadium............. 89,500 75,500 71,600 60,400 107,400 90,600
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Fio. 247.—Phosphor bronze wire, 8.A_1. 81,

WAHL CORRECTION FACTOR

As the spring index, i.e., the ratio of coil diameter to wire diameter, decreases,
the maximum stress developed becomes increasingly greater than that as ealculated
by the conventional formulas. To compensate for this in the design calculations,
the Wahl correction factor must be applied. The accompanying chart (Fig. 248)
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Fic. 248 —Wahl eorrection factor for different values of spring index.

gives this correction factor.

The optimum value for the spring index is 9, the mini-

mum value for practical purposesis 5. Below this figure, the stresses increase rapidly.

TORSIONAL MODULI

The torsional modulus of elasticity for Swedish steel, carbon steel, or vanadium
steel can be taken as 11,500,000. For phosphor bronze and brass, a value of 6,000,000
can be taken. At high temperature, the value of G drops, as shown in Fig. 254 for steel.
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SPRING FORMULAS

In using the formulas given on pages 133 and 134 to design Class II and Class I1I
springs, a trial value of D/d is assumed and the corresponding Wahl factor is obtained
from the curve in Fig. 248. The material is selected and the allowable stress is taken
from the table on page 128. The larger value is used if the estimated wire size is
less than 0.2625 in. diameter. For larger wires the smaller value is used. With
the outside diameter of the spring specified and the load W known, the wire diam-
eter d can be caleculated. The spring index must then be checked to see if it is
on the safe side and approximates the index selected for the calculations. Likewise,
the diameter of the wire must be checked against the permissible working stress

selected.
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In caleulating Class I springs, the procedure is similar except that the permissible
working stress must be based on the endurance value of the material. A tentative
allowable stress is assumed, and the wire diameter is calculated by following the same
procedure as outlined above for Class I and Class II springs. The calculated wire
diameter is then checked against the endurance charts as given in Figs. 249 to 253 for
the various materials.

As an example of the use of the endurance charts, assume a valve spring had been
calculated to be made of Swedish steel wire 0.177 in. diameter and the wire calculated
to be stressed to 62,000 lb. per sq. in. when the valve is closed and 81,000 lb. per sq. in.

!
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Fig. 253.—Allowable torsional stress range for Fie. 254.—Value of torsional modulus of elasticity of
phosphor-bronze wire, steel at various temperatures.

when the valve is open. A check must then be made to see if this stress range is per-
missible. With reference to Fig. 249, from 62.0 on the lower-stress scale, representing
62,000 Ib. per sq. in, stress, go up vertically on the chart to the curve representing the
next larger wire diameter, namely, 0.1920. The maximum stress allowable as read
from the scale on the left of the chart is 83.0, or 83,000 1b. per sq. in. Since this is
greater than 81,000, the given stress range is therefore safe.

NATURAL FREQUENCY

Springs must be designed so that their natural frequency of vibration will not be
close to their frequency of deflection in operation, in order to avoid resonance and
resulting high stresses. If their natural frequency is sufficiently high to escape
resonance with any harmonic below the twentieth order, resonance will be avoided.
This will be assured if

250d NG/(D — d)*N
Deflection cycles per minute

The order of harmonic as ealculated by this equation should be as much above

20 as possible. The order of harmonic, for a given spring material, decreases with
the difference between the coil diameter and the diameter of the wire and is inversely

equals or exceeds 20

www.EngineeringBooksPdf.com



BPRINGS

133

TABLES FOR CALCULATING HELICAL SPRINGS
COMPRESSION SPRING FORMULAS

poring i = 2 o 2 e riiram)

Reound Bqusre Rectangular
- - - ---FL--—
1_|-*- FL FL -1 _'_l'
£l i, i
d d et
W o 030278 W o DA i 8hi +/B0
= D= S185(D — BY
1] D
MWL N_“'""[‘(m“)]‘ - N-ITL-[r(m+:)]¢m
1.10d D b oelia
0.53ds (h_ +1) 0s% (5g+1)
¥ = SP(D — dp» o B:08P(D — b § = 1LI6P(D — by
Gy N IGETR
Fy = FN Fu =FN Fs = FN
FL = Fu + MWL FL = Fy + MWL Fuo= Py + MWL

Hm_u-mm

Load per inch of deflection = P/Fy
Bolid length = (N 4 2.20)d

Load per inch of diflsction = P/Fi
Bolid length = [u.m (r‘i?+ 1) nr]

L [ (h;%"‘ 1) ]
Load per inch of deflection = P/Fy
Solid length = [o.w(p—‘is+ :) nr]

+[4(z25+1)] +(E=H+)
MWL = (1.104N) + (2.25) sawe = [053d (525 +1) H] MWL = [u.m(ﬁ—‘g—s-r ) ~]
+[4(zZa+1)] +[1(525+1)
EXTENSION SPRING FORMULAS
FymFXN Pitch = EL/N Load per inch deflection = P/Fy
Round Square | Rectangular
il o, | ol
D n]
T ., T,
dleg dled L 4
W = 0.3927584? W = 0.44484? W = Sbt 2 /b 4 12
D —a)Y D =a7F = 3186¥(D — b)
N = F;—L (maximum) N = F; N = F;'
F = 8P(D — d)? F= 5.58P(D — d)* F= 1L16P(D — b)}
Ga* Gd* BT e
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TABLES FOR CALCULATING HELICAL SPRINGS
TORSION SPRING FORMULAS

Pitch = FL/N
Round Square rectangular
W = 0.09884* W= 0.166.Sth?
J R
e 20PIR? Fo = 12PIR*
¥ Ed* " Eb%
N = 2L (maximum) N = = maximum
E = modulus of elasticity MWL = minimum working length, in in.
F = deflection of 1 turn, in in. N = number of effective turns
Fy = total deflection, in in. P = load, in Ib.
FL = free length, in in. R = length of arm, in in.
@ = torsional modulus of elasticity 8 = stress, in Ib. per sq. in.
I = length of rod (effective spring length un- W = carrying capacity in Ib,
coiled), in in. Y = Wahl factor
PERMISSIBLE MANUFACTURING TOLERANCES
Outside Vanation, Variation, Variation,
diameter, | in., plus or | Length, in. | in., plus or Piteh plus or Load
in. minus minus minus
Smaller Less than 14q
than 1§ 0.003 1
4 coils or less 14 coil
i 1to2 Ye
K- 0.005 |—
2103 349 Plus or
4-8 eoils 14 coil minus
}-la 0.008 3toh 51 10 per cent
5t08 844
1g-1 0.015 8-15 coils 34 coil
8to 12 14
1-2 4g 12 to 18 3g
15-25 coils 1 coil
— 18 to 24 14
2-3 Y
24 to 30 M
Over 3 3a Over 25 coils 2 coils
Over 30 1
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proportional to the number of active turns. In a compression spring, the number of
active turns will be the total number of turns less 234 turns, assuming 1}4 dead turns
at each end of the spring.

DEFLECTION

Calculate the deflection per turn and total deflection by the formulas given in
the tables on pages 133 and 134. For compression springs, the number of active or
effective turns N will be the total number of turns less 234 turns.

GENERAL SPECIFICATIONS

Compression Springs.—Ends must be ground square. Minimum and maximum
inside and outside diameters will be determined by the space restrictions imposed by
the application. Both ends of the compression spring should be guided on either the
outside or inside or both. All compression springs should be wound right hand
except where they operate inside one another, in which case they should be wound
oppositely. Minimum working length of the spring under compression should allow a
minimum clearance between effective turns equal to 10 per cent of the wire diameter.
Additional compression beyond this minimum working should not be permitted.

Extension Springs.—They may be close wound with or without initial tension,
or they may be open wound. They should always be wound without initial tension
when load capacity is an important factor. All extension springs should be wound
right hand unless required otherwise. Maximum working length determines the
position of the spring beyond which additional extension should not be permitted.

FINISHES

Steel springs to resist moisture or atmospheric corrosion should be cadmium
plated. For appearance, they may be enameled, lacquered, or japanned. Springs
made of nonferrous metals are usually not finished in any manner.

STANDARD DESIGN PROCEDURE

By using a form such as given on page 136, the procedure in designing springs
can be standardized. The data relating to the actual dimensions and characteristics
of the spring are obtained from the inspection or test department.

STANDARD DRAWINGS

Examples of standard drawings on sheets 8¢ X 11 in. for the three types of heli-
cal springs, compression, tension, and torsion, are shown on page 137. Drawing need
not be to scale. Wire sizes should be specified in inches, not gage numbers. Use
decimals for specifying wire diameters and fractions of inches for rectangular materials.
Also dimension the thickness of rectangular wire so as to indicate how the wire is to be
wound. Indicate finish, if any. In dimensioning the drawing, indicate the permissi-
ble manufacturing tolerances as given in table above, but tolerances as large as per-
missible should always be specified. Load tolerances should be indicated as plus or
minus, the mean value to correspond with the specific rate.

The notations and dimensions as given in the drawings shown here should be
given.
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FORM FOR SPRING DESIGN CALCULATIONS

SPRING DESIGN

Drg.No. 32494 Class _L_ Rote 60 Mox.0D. 28 Min1D. _’L
Pitch 23530 FL 64 Mwi. 3325 Material _MS-2  Size _Q2437diom

Lengthofarm — Lengthofred — Moxdef.
CALCULATIONS
3.325-055 .00+ Min 1.
N= T"uﬂ" (D'd}- Max. 0.0 2M’Il"lllf.) = 20/5
Gnd‘aﬁ‘ Y

F.® FL-MWL = 2925 - - /{50Q000x0003527x 2.925 &
" P (0PN 8x82x 1035 s

P 75 o 20/5x 175
Rote= = 2925 °° Se  Fieeroaoqsy X L/8= 73200
Pitch = ﬁzﬁ“ = a0 Solid length = (/035 + 225)x 02437 = 307

ACTUAL VALUES

FL 6% N 05 lood 58 Def L% Solid length 34 0D 28 4 o024
Set é Average of /O _ Springs Totalturn G Monufoctured by _W .0 G/850N

200
i75 :
150
.
- 2
, 2
-g r 1 (4]
5100 y ;E v
[« ]
g +h 2 £
: o
50
v
. o
5 T 5% 3 2 1 a8
Length, Inches ' ™
Original by Date Checked by Date Tested by Date E
GRE. 2-9-36 AND. 2-25-36 GAW 3-25-36 s
APPROVED BY DATE ISSUED SUPERSEDING SUPERSEDED BY REVISION DATES

April 17, 1936
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STANDARD DRAWINGS FOR SPRINGS
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Examples of standard spring drawings. At the top is a compression spring; in
the middle is shown an extension spring; at the bottom is a torsion spring.
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The spring end construction of tension and torsion springs should be given in
detail by showing all necessary views. See page 144 for typical spring ends.

INSPECTION

All springs received shall be carefully inspected, tested, and marked, where
required, for identification.

Inspection shall cover all specification requirements noted on the spring drawings
and on the material specification sheets. Particular care should be exercised in
inspecting the material to make certain all defects noted on the material specification
sheets are absent. In case of doubt, one or two springs from the shipment in question
should be etched in a 30 per cent solution of boiling hydrochloric acid for a sufficient
length of time to reduce the diameter 0.002 to 0.003 in. After etching, all material
or manufacturing defects are readily discernible.

A sufficient number of springs from each shipment shall be tested to determine if
the spring rate is within the limits specified on the drawing. The amount of set, if
any, when compressed to the minimum working length must also be determined.

All springs failing to meet the requirements referred to above shall be rejected.
If more than 10 per cent of the springs on any one order are rejected, the entire ship-
ment shall be rejected.

Springs constructed of music wire, Monel metal, phosphor bronze, or brass shall
not be marked in any way for identification. Springs made of steel shall have one or
two coils at one end painted a color corresponding to that indicated as follows: Swed-
ish steel, blue; carbon steel, orange; chrome vanadium steel, red. The paint used
shall be quick-drying, oilproof, heat-resisting lacquer.
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GRAPHICAL SOLUTION OF HELICAL SPRING FORMULAS
F=Inches Deflection per Turn at Stress Indicated
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This chart, developed by Carl P. Nachod, of Nachod & United States Signal Co.,
can be used for the solution of the formulas for round-wire helical springs given on the
preceding pages. The chart is based on G being 11,500,000. The Wahl factor is
incorporated in the equation on which this chart is based.

To use the chart: Given a load P of 20.1 lb. and an allowable stress of 60,000 Ib.
per sq. in.; go vertically upward from the point representing 20.1 1b. on the lower
60,000 scale to the intersection with the load ray, extending upward to the right, corre-
sponding to the spring index (D/d) selected, in this example r = 8. A horizontal line
through the intersection point to the scale for wire diameters gives d = 0.09 in.
Extend this horizontal line to the right to the ““deflection” ray r = 8 of the group of
rays extending upward to the left. From this point, trace vertically upward to the
F scale corresponding to the value of S selected, and this gives the deflection F as
0.079 in. per turn at 60,000 lb. per sq. in. stress,

www.EngineeringBooksPdf.com



SPRINGS 141

HELICAL SPRINGS OF GIVEN LOAD RATIO AND LENGTH RATIO

Graphical computation charts, developed by Frederick Fransz, for springs for
specified maximum load and length and specified minimum load and length based on

G = 11,500,000 S = 50,000

Step 1. To determine spring index.

Compression Springs.—Divide specified initial load P, on spring by maximum
load P..., when compressed, to obtain load ratio. Similarly, calculate length ratio
of compressed length L. to initial length L.... The intersection of the vertical
line representing load ratio and the horizontal line representing length ratio gives
value of D/d, the ratio of outside diameter of coil to the diameter of the wire.

Tension Springs.—Divide initial tension on spring by final tension, to obtain
load ratio. Divide initial length of spring by maximum length, to obtain length ratio.
The intersection of the vertical line representing load ratio with the horizontal line
representing length ratio gives D /d, the ratio of outside diameter of coil to the diameter
of the wire.
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6 Ratio, Brmax. Ratio, Fon.
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0 o 02 a3 04 05 06 07 0B Q9 10 0 QI 02 03 Q4 OS5 Q6 Q7 08 0OF 10

Length of a compression spring must be calculated as the length of active spring,
i.e., total length less length taken by inactive coils, namely, 1}4 dead turns at each end.
For compression springs, & minimum clearance of 0.1d (wire diameter) must be allowed.
For example, if the space available for a compression spring is 6 in. and a rough esti-
mate indicates a wire diameter of }{ in., and 14 dead turns on each end, the maxi-
mum length of spring will be 6 in. less the length equivalent of 2}4 turns which is 3 in.
Thus, L. would be 53 in. If the minimum to which this spring is to be compressed
is to be 5 in., the minimum active length will likewise be 5 in. less 3¢ in., or 43¢ in.
approximately.

Step 2. To determine maximum safe load, wire diameter, and mean coil diam-
eter for helical round wire tension or compression springs; based on 50,000 lb. per
8q. in. allowable stress.
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When the value of D/d, ratio of outside diameter of spring to diameter of wire,
has been determined, the chart below gives the maximum safe load, wire diameter,
and mean coil diameter for values of D/d, the spring index.

MAXTMUM LOAD, WIRE DIAMETER, MEAN COIL DIAMETER, AND SPRING INDEX
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0-d=Mean Coil Dham,ln‘.‘ S eTETO ol o
For example, for a spring index of 6, find the wire diameter required if the spring
is to be loaded to 100 lIb. maximum. Follow the diagonal for D/d = 6 (upper hori-
zontal scale) down until it insects with the diagonal Pounds Load on Spring repre-
senting 100-1b. load. By dropping down vertically from this intersection point, the
bottom horizontal scale shows D — d = 0.9. On going horizontally from this
intersection point to scale on left, d = 0.175 (approx.). Or d ecan easily be calculated
from knowing that D —d =09 and D/d = 6, from which D = 6d, hence
6d —d = 0.9 ord = 0.180 (exact). This chart is based on 50,000 lb. per s8q. in. fiber

vww.EngineeringBooksPdf.com



BPRINGS 143

stress. For any other fiber stress, divide the selected fiber stress by 50,000, take the
square root of this ratio, and divide the diameter d obtained from the chart by this
factor.

Step 8. To determine deflection per coil or per turn.

The chart is based on 50,000 lb. per sq. in. fiber stress and 11,500,000 for G, the
modulus of elasticity in shear. For other values of maximum stress and modulus of

CHART TO DETERMINE DEFLECTION FER COIL
LTI 1]
a5 1 Moximum deflection per cail= 5
l || Bosedon g: ?&g%a{ibapcr sq.in.

7
3 H AREK.
; 7 §
€ fl > > i lg
g“ / A )

-

0
4 5 6 7T B8 8 % w0 R B 45 KT BAEF 202
Ratios of Outside Cail Diameter to Wire Diameter, 3

elasticity, the deflection factor will be directly proportional to the stress and inversely
proportional to the modulus of elasticity.

Determine the deflection factor for given ratio D/d, correct for fiber stress and
elastic modulus, multiply by d, the diameter of the wire.
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DESIGNS OF TENSION SPRING ENDS

Dimensions X and Y should always be specified and are in the proportions shown.
See page 137 for standard spring drawings.
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SPRINGS

CANTILEVER SPRINGS—I
Maximum Fiber Stress, Length, Deflection, and Thickness

3EDh
2L2

?Oﬂlﬂﬂl.fﬂ' phos bronze

000 max, for brass
5= rnax, fiber stress

L=

=
=

E=elostic modulus
500
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s

u| by 4ad 47 Jo spuosnoyy L m& uctwmh.._\ezg_nnx
g 8 348288 8
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lection (D) in Inches

Spring Length (L)in inches
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CANTILEVER SPRINGS—II
Maximum Fiber Stress for Given Loads

882883 5 & S%BEIL 5 3

Spring Width (w)in Inches

BLS Goges

e
S

Values of Land h cut by one
stroight-edge (A-B) with values
of wond  cut by a perpendicu-
lar straight-edge (AC)satisfy the
fiber stress equation Q-ﬁ

Corresponding vulutsof%,?
L and$ are cut stroight-
S (EF) | Y Sy #HoR

Spring Length (L) in Inches
SE38GEE B

88858 8 B

i oL A G L i L

Ratio FEEESHESE (2) i mhousands of Lb per Sq In per Lh Lood

Load (Flin Lk
993933 233338 38 3Ty

Tt e o
£33 s meme s

Lood (P)in Groms

€ 2208298 & Swrowm
duaaer s DD uibss Los o Dt s ililLI LG ] §
Mox. Fiber Stress(S)in Thousands of Lb.per Sa.In.
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CANTILEVER SPRINGS—III
Load-deflection Ratio for Given Spring Dimensions
(Required thickness for given maximum deflection and fiber stress can be determined
by use of Charts I and II, pages 145 and 146)

& - 0003
) a6 a6 0004
0005
= ‘:‘: ?:,i § aoos
£ ‘E £ 0008
= €
“% T s =™ s Spring Width (w) in Inches w
: -
S % mg 2 om 3e
g W= £ aos %‘E
& 50 =pF=50 0 o w
.E-. 60 == 60 § a04 B Lo
&S00 S=w0 @06 —— 14 ig
L s J—n v
a0 =t =W
h
Deflections based en minimum of values of E, P
modulus of elasticity, 5
For brass Eyin, = 13,000,000
For phat bronze =K, 000000

Values of h and L cut by one stroight-
edge (A-B), with values of wand

£ cut by perpendicular edge (AC)
satisfy the lood-deflection equation

-n--

D 4L
Corresponding values of F,Dand
F are cut by stroight edge (EF)

333 § 898838 3 8§EERI S § ISl
Mmmmmmmwmmmmmm_g

Load- Deflection Enhn[ }in Lb.per Sq.In.

Deflection (D) in Inches Brass (€ n= 52 10%psi)

T VT T TV Phos. bronze (Epmin.® 1 x 10%p.51)
3 §5338 s ol

0 Load (P)in Lb.
§ B28882 g nss9ss 8 2 ggggs

P

° & ®"%Re38 § 233 gE 8 EEE

Load (P) in Groms
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SEMIELLIPTIC LAMINATED SPRINGS

Thechart on the facing page will facilitate the design of a semielliptic spring having
graduated leaves of rectangular cross section. The chart is a graphical solution of
the following formulas:

ZI X 32E
B="Fxor (0)
w1
I'=T 8L
where B = rate of deflection, in Ib. load per in. L = full length of spring, in in.
deflection W = width of leaves, in in.
E = modulus of elasticity, 28,000,000 lb. T = thickness of leaves, in in.
per sq. in. I = moment of inertia
K = constant for semielliptic springs =

0.9

The accompanying example shows how to use the chart. By starting with the
desired rate of deflection, R = 1,200 Ib. per in. deflection, read straight up to the
length of spring, . = 55in. Cross horizontally to the line representing the number of
leaves, 6 leaves, then vertically to the line in the upper section of the chart correspond-
ing to the width of the spring, W = 5in. From this point, trace horizontally to the
parabolic curve. The figure, 0.4375 in., directly above this last intersection, desig-
nates the thickness of each leaf in the spring. The spring has 1,200 lb. per in. rate of
deflection, is 55 in. from eye to eye, has six leaves 5 in. wide, and each leaf is 0.4375 in.
thick.

To find the safe load on the spring after the other values have been established
from the chart,

4DET _ SL*
S="— o D=-gp
where 8 = unit fiber stress, in Ib. per sq. in. T = thickness of leaves, in in.

D = total amount of deflection, in in. L = full length of spring, in in.
E = modulus of elasticity

The allowable working fiber stress will vary with the material used. Usually
one-third of the elastic limit may be considered a safe working stress. For example,
if the elastic limit is 180,000 Ib. per sq. in., the safe unit stress will be 60,000 Ib. per
8q.in. By substituting this latter value for S in the formula, the amount of deflection
D can then be solved. D multiplied by R (rate of deflection in pounds per inch) will
give the full load capacity of the spring. In practice, the spring may be stressed to
two-thirds of the elastic limit, but only under an occasional emergency load on the
spring.

www.EngineeringBooksPdf.com



THIS PAGE IS BLANK

but this is not a printing or scanning
fault and no content is missing.

www.EngineeringBooksPdf.com



CHAPTER VI

POWER TRANSMISSION ELEMENTS
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FLEXIBLE COUPLINGS

“Rubber hose

Fia. 255 —For applications where torque is low and slip-
page unimportant. It is easily assembled and disconnected
without disturbing either machine element. It is adaptable to
changes in longitudinal distance between machines. Thia

w iz
ik

é
{
g

Fia. 258.—Positive drive is assured by
bolting hose to shafts. This has the same
advantages as the type in Fig. 255, except
there is no ove load protection other than

coupling absorbs shocks, is not damaged by overloads, does not the rupture of the hose.
set up end thrusts, requires no lubrication, and compensates for
both angular and offset misalignment.

“Shat? Shef?:

Fia. 7.—Thia type has excellent shock-absorbing
qualities, but torsional vibrations are possible. It will allow
end play in shafts, but sets up end thrust in so doing. Other
advantages are the same as for the types shown in Figs. 255 and
2568. ‘This type compensates for misalignment in any direcuon.

cJefscrews;  Stronded \Coupling
; cable

Shott Coupling Shoft”

Fro. 258 —Coupling for low torques and unidirectional
rotation. Inertin of rotating parts is low. This type is easily
assembled and disconnected without disturbing either shaft.
The eable can be encased and the length extended to allow for
right-angle bends such as are used on dental drills and speedom-
eter drives. The ends of the cable are soldered or bound with
wire to prevent unraveling.

Fi1a. 268.—A type of Falk coupling that operates on the same principle as design shown in Fig. 260, but has a
single flat spring in plaee of & series of coiled springs. A high degree of flexibility is obtained by use of tapered slots in

hubs. Bmooth operation is maintained by enclosing the working parts and packing with grease,
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Washer., Rubber fubirg + Rubber bushings.
Bolt - — Flange. | =Furr
5 Keys
Shaft 1 Keys
{ ] L \
/ \
: P — Sharft
Jhatt Shoaff = - —&
Flange H "-Hangﬂ-% 1 ﬁ_ﬂ,m,,-:;l
Fic. 260, Fic. 261. Fia, 262

Fio. 260.—Two flanges and & series of coiled springs give a high degree of flexibility. This type is used only
where the shafts have no free end play. It needs no lubrication, absorbs shocks, and provides protection against
overloads, but will set up torsional vibrations. Bprings can be of round or square wire with varying sizes and pitches
to allow for any degree of Aexibility. .

Fic. 261.—Similar to Fig. 260, except that rubber tubing, reinforced by bolts, is used instead of coiled springs.
Construction is sturdier but more limited in flexibility. This type has no overload protection other than shearing
of the bolts. It has good antivibration properties if thick rubber tubing is used. It can absorb minor shocks. The
connection can be quickly disassembled.

Fia. 262.—A seriea of pins engage rubber bushings cemented into flange. This type will allow minor end play
in shafts and provides a positive drive with good flexibility in all directions.

z = e

-

W/A RN
Fia. 268.—A Foote Gear Works flexible coupling which ~ Fio. 264.—A design made by the Ajax Flexible

has shear pins in & separate set of bushings to provide overload Coupling Company. BStuds are firmly anchored

protection. The principle is similar to that shown in Fig. 264. with nuts and lock washers and bear in seli-

Replaceable shear pins are made of softer materinl than the lubricating bronse bushings spaced alternately in

shear-pin bushings. both flanges. Thick rubber bushings cemented in

flanges are foreed over bronze bushings,
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Fia, 265.—Another Foote Gear Works
coupling. Flexibility is obtained by
wlldenmully shaped pins of metal or

coupling provides positive
drive u! nm'dymmmmﬁmmhﬂm-
bility in all directions.

HANDBOOK OF MECHANICAL DEBIGN

F1o. 266.—In this Smith & Serrell coupling, flexibility is
obtained by laminated pins built up of tempered spring steel
leaves.

Bpring leaves secured to holder by keeper pin.
bronse bearing strips are welded to outerspring

Phosphor
bumlndburmrutanplluhuhlofhrdmad—ﬂudlmﬂl—
ings fastened in flange. Pins are free to slide endwise in one

flange but are locked in the other flange by a spring retaining

ring.

Fis. 267 —In this Brown Engineering Company
eoupling, flexibility is increased by addition of buffer
slots in the laminated leather. These slots also mid
in the absorption of shock loads and torsional vibra-
tion. Under parallel misalignment or shock loads,
buffer slota will close over their entire width, but under
nmhr misalignment, buffer slots will close only on

- Rubber, lecther or fiber disk

F1o. 288.—Flexibility is provided by resilience of &
rubber, leather, or fiber disk in the W. A. Jones
Foundry & Machine Company coupling. Degree of
flexibility is limited to clearance between pins and
holes in the disk plus the resilience of the disk. This
type has good shock-absorbing properties, allows for
end play, and needs no lubrication.
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Centerdisk

Fio. 270.—Laminated metal disks are used in this coupling
made by Thomas Flexible Coupling Company. The disks are
bolted to each flange and connected to each other by means of
pins supported by a steel center disk. The spring action of the
center ring allows torsional flexibility, and the two side rings
compensate for angular and offset misalignment. This type
of coupling provides a positive drive in either direction without
setting up backlash. No lubrication is required.

Meral disk

Fio. 278.—The principle of the T. B. Wood &
A B A, T e e bt vt

Fro. 27T1.—A design made by Palmer-Bee Company for WL 100 CETVING 1T RS-0 o WLy
heavy torques. Each flange carries two studs, upon which are mﬁmhmt:u The M%‘“ﬁ:ﬂﬁ -
mounted square metal blocks. The blocks slide in the slota P sccommodate the m Mow
ugs of each flange. This coupling has fexi-

of the center metal disk. bility in all directions and does not require

lubrication.

Leather
cube ==s.

Fig, 272 —In this Charles Bond Company coupling, a Fi16. 274 —Another design made by Charles Bond
ieather disk floats between two identical flanges. Drive Company. The flanges have square recesses into
is through four laminated leather lugs cemented and which & built-up leather cube fits. Endwise move-
riveted to the Iu.ﬂmr disk. This type compensates for ment is prevented by through bolts used where low
misalignment in all directions, and sets up no end torque loads are to be transmitted.
thrusts. The flanges are made of castiron. Driving
lug slots are cored.
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Flange~, A

A

Fia. 275—8imilar to Fig. 274, being quiet in
operation and used for low torquea. This is also
& deaign of Charles Bond Company, The floating
member is made of laminated leather and is shaped
like & cross. The ends of the intermediate member

Fio. 276.—Pins mounted in flanges are connected by
leather, canvas, or rubber bands. Coupling is used for
temporary connections where large torques are transmitted,
such as the driving of dynamometers by test engines. This
type allows for a large amount of flexibility in all directions,

engage the two cored slots of each flange. The absorbs shocks, but requires frequent inspection. Machines

coupling will withstand a limited amount of end can be quickly disconnected, especially when belt fasteners

play. are used on the bands. The driven member lags behind the
driver when under load.

Fra. 277.—This Bruce-Macheth Engine Company coupling
is similar to that of Fig. 276, except that six endless wire cable
links are used, made of plow-steel wire rope. The links engage
small metal spools mounted on eccentrie bushings. By turning
these bushings, the links are adjusted to the proper tension.
The load is transmitted from one flange to the other by direct
pull on the cable links,

Company coupling uses s single endless lesther
belt instead of & series of bands, as in Fig. 276.
The belt is looped over alternate pins in both
flanges. This type has good shock-resisting
properties because of belt stretch and the
tendency of the pins to settle back into the loops

of the belt.
Leother links =

1" 1;_":.' S

Leather link
Fio. 280.—This Bruce-Macbeth design uses leather
links instead of endlesa wire cables, as shown in Fig. 277.
The load is transmitted from one flange to the other by
direct. pull of the links, which at the same time allows for
the proper flexibility.

Fia. 279.—This coupling made by the Weller
Manufacturing Company ia similar to the design in
Fig. 278, but instead of a leather belt uses hemp rope,
made endless by splicing. The action under load
is the same as in the endless-belt type.
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Fia. 281.

Fra. 281 —The Oldham form of coupling made by
‘W. A. Jones Foundry and Machine Company is of the
two-jaw type with & metal disk. Is used for trans-
mitting heavy loads at low speed.

Fra. 282.—The Charles Bond Company star
coupling ia similar to the cross type shown in Fig. 275,

Fia, 282,

The star-shaped floating member is made of laminated
leather. It has three jaws in each flange. Torque
capacity is thus increased over the two-jaw or croes

type. The coupling takes limited end play.
Flexible olisk
3 ~Plain
washer
=
- s

Fia. 283.—A combination rubber and canvas disk
is bolted to two metal spiders. Extensively used for
low torques where compensation for only slight
angular misslignment is required. It is quiet in
operation and needs no lubrication or other attention.
Offset misalignment shortens disk life.

157

Fio. 284.

Fia. 284.—A metal block as & flosting center is used in
this American Flexible Coupling Company design.
Quiet operation s secured by facing the block with
removable fiber strips and packing the center with
grease. The coupling sets up no end thrusts, is easy to
assemble, and does not depend on flexible material for the

Fia. 285,

driving action. It can be built in small sizes by using
hardwood block without facings for the floating member.

F16. 285.—This Westinghouse Nuttall Company
coupling is an all-metal type having excellent torsional
flexibility. The eight compression springs compensate
for angular and offeet misalignment. This typeallows
for some free endwise float of the shafts. It will transmit
high torques in either direction. No lubrication is

F1o. 286.—8imilar to Fig. 283, but will withstand offset
misalignment by addition of the extra disks. The center
spider is free to float. By use of two rubber-canvas
disks, aa shown, the coupling will withstand a consider-
sble angular misalignment,
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Steel strips--~

Section A-A
Fig. 287—In this SBmith & Berrell coupling, &
flexible cross made of laminated-steel strips floats
between two spiders. The laminated spokes, retained
by four segmental shoes, engage lugs integral with the
hrw. This coupling is intended for light loads
only,

Fi16, 288.—This coupling, made by Brown Engineering
Company, is useful for improvising connections between
apparatus in laboratories and similar temporary installa-
tions. It compensates for misalignment in all directions.
It will absorb varying degrees of torsional shocks by
changing the size of the springs. Springs are retained
by threaded pins engaging the coils. Overload protec-
tion is possible by the slippage or breakage of replaceable

F1a. 280.—In another design by Brown Engineering
Company, a series of laminated spokes transmit power
between the two flanges without setting up end
thrusta. This type allows free end play. Other
advantages are the absorption of torsional shocks, no
exposed moving parts, and good balance at all speeds.
Wearing parts are replaceable and working parts are
protected from dust.

HANDBOOK OF MECHANICAL DESIGN

Z

Fia. 200, .
Mim. 200.—In this ouu{li;: ih Falls
hinery Company, two hubs with trisngular heads
and a three-piece sleeve are used. The sleeve is
holted together when assembling, Three pieces of
compression lining provide the necessary flexibility.
Misalignment is compensated for in all directions by
compression of the linings.

Fio, 201.—This Medart Company flexible soupling
uses square keys or pins of fiber, Textolite, or other
flexible material which engage V slots. Clearance is
provided in the V slots for flexibility, The pins are
held in place by s retaining collar, Coupling can
float endwise.

=

o~
. f
&

g | O feve! whenl
! notirmotion 12
Oif reservair hales
Fio. 202 —In the design of the W, H. Nicholson &

Company flexible coupling, a series of floating steel keys

slide in dovetail slots cut into each flange. The degree of

misalignment compensated for depends on the clearance
between the kevs and slots. Wear is reduced, and
cushioning is provided by operating keys in oil bath,

Keys mct noiselessly, centrifugal force keeping them

against the slot surfaces.
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Fig. 20.. Fro. 204.

Fia. 203.—In another design made by Falls Clutech &
Machinery Company, & triangular center floating mem-
ber made of steel is placed inside two flanges. As in
Fig. 200, three pieces of compression lining are used.
Coupling flanges are triangularly recessed.

Fra. 204.—In this Clark Controller Company design, a
splined hub mounted on each shaft is connected by s
sleeve having internal projections. Power is tran mitted
through strips of packing fitted between the projecting
teeth in the hubs and sleeve. Packing ia retained at
each end by keeper ring and snap ring. Compensates
for misalignment in all directions without the use of

Fia. 205—In one design of Lovejoy Tool Works
flexible coupling, individual free-floating load cushions
are hung between the flange jaws on removable studs,
These replaceable cushions are made of brake-lining
material, leather or rubber-duck fabrie, depending on the
loads sustained and the resilience required. No lubrica- directions,
tion is needed.
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F1a. 206.—The positive drive design of Diamond
Chain & Manufacturing Company consists of two
sprockets connected by a length of roller chain.
Clearance between sprockets and chain side plates
allows freedom to compensate for misalignment in all
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o Compesition
o filling . _ . ng rings
l"

O fevel with ' Ot level when
coupling af ing &
rest running

Fi6, 297.—The Poole Engineering & Machine Com-
pany uses a two-piece floating sleeve with the internal
gear teeth cut at each end, meshing with gear teeth on
hubs. Toothed hubs are mounted &t the end of each
shaft. The hub teeth have spherically formed
erowns. The teeth are in mesh around their entire
circumference, Compensates for misalignment in all
directions without the use of flexing materials. Bear-
ing surfaces are lubricated in a bath of oil. Dust is
excluded by packing ring at either end,

i\

by S

Fra. 300.—Thie T. L. S8mith Company type of
coupling has a flexible metal ring engaging projections
integral with the outer and inner hubs. A packing
ring protects the interior from dirt, yet compensates
for angular misslignment. The eoupling can drive in
either dirbetion,

V777777

2.1 0
\

N\

u s

R
A | 77

Fia. 208. Fie. 209,

Fra. 208.—A silent chain is used as the flexible member
in the Morse Chain Company coupling, the load being
distributed over 8 number of teeth. A series of retaining
links, running in the center of one sprocket, keep the
chain in place. Flange covers enclose the chain when
necessary,

Fro. 200.—Convex jaw surfaces that exert a rolling
preasure when loaded are used in another Lovejoy Tool
Works coupling design. The convex surfaces are so
proportioned that the compression is uniform over the
entire ares of each spider arm. The floating spider in
'::Inldu of u resilient material which gives flexibility in all

irections.

N /Mn \

F1o. 301.—In this Meriam Company design, the inter-
nal and external hub is connected by a series of spring
steel rollers fitted into semicircular recesses in each hub.
The rollers are made of strip steel, wound spirally and
ground on the periphery. Quiet operation is secured by
pq.c:m; the interior of the coupling with grease or ground
eork,
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SHAFT DIAMETERS FOR TORSION AND BENDING
B A
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SHAFT DIAMETER FOR TORSIONAL DEFLECTION

HANDBOOK OF MECHANICAL DESIGN

Formula

100,000

Eiﬂﬁ
L
ol I
% H‘Ti ‘* I.'£ .E
= |E % HEE §* .!:"5'
8la 3> ¢ TEEE
=) B | B ;}g*Eu
2o £ N
_ﬂg 3&?‘ -
e
fh 55155
U "Wwolg 44048
w wry -+ "y o -—

100,000
o
S
000
0 1]

§ 8dae a 9

=]

Illll]ll'['l'l'! L III "II'I LI |

83 R Sos

el f ol LIRS ol Bl P G B
o QoC@~ O I T M

+04s jo yyBuat 4y Jad Ly Ul uoiyda|sEg woisIo)

T 1

o -

www.EngineeringBooksPdf.com

75 S

as0

25—



163

POWER TRANSMISSION ELEMENTS AND MECHANISMS

o, UL 42T

4T

4
0001 — z ¥ = 1.3PUD HoIE w0 junod pajosol
. _HIII L9 ....-Ll....l..-! = eﬁw&“ %ﬁhﬂﬁ“ﬂh .wu.-“_...___ Qﬁﬂ!&ﬂ.ﬂ&hﬂ 4
- | 1 H”_ - XY IF 4 plio Quunm...gﬁ.. 4 S L0
5 u Ui uoy29[480 ; th\nﬂu.ﬂ&_ﬂc%n&ub% 20K .uﬂn&ba_.gw
= 0001 o000 Qloo 1000 :
- 001
. up| un-yibua g
— i Yo judiious -y
. A" ) %M.E »_uh ..hﬁ._enﬁ_h\ku m-
= L lanil bty &stod 3
= Uf W HoIC-q | pucT] & ypnpuadisy - I 0004
] | Ul #jo35-q 7 k4
—— 00T [ z ..___ M
¥ ] ! &
M In .1__. w- ]
~ - J 5 -
& £ Fpg U0 arron wanb o w\.._ ; vl -...\I.n...-...........H
- ay et | i ] A - =)
b q  yeorxuopurodpayoio) uiop - - p—"" %
S 000% ; = 000015
£ o6 ! S¥ 84600 4
= = We N~
2 o \..*lum.! H
_m_ 0018y = uoI43a)}ag
qoiNg
000’00l qom W
ooobi D|nwJay
= 000boot
J ooz o046l 00l OROL 0905 OF OF o0z el L9 & ¥ £ Z
00007 — uj W) 3|OIG-B
0001 —
(A PuB ‘AT ‘III ‘II ‘T 2ur oy3 09 BuLiiajal SUONBIOU 9] JOPIO [BOLISWMU Ul MO[[0] “WBYD 98N O],)

NOLLDATAIA TVHILVT 404 HALAWVIA LAVHS

/A0 LI [2340) K4
4O BjA iy BUIALD 91035 LICHI4a0 Ky

|
L]

I I
[ U sayeuwiolg

b 4

!Il’1l[l|l’|l’1l|llli1ll]l’li"lT L]

www.EngineeringBooksPdf.com



164 HANDBOOK OF MECHANICAL DESIGN

SHAFT DIAMETERS BASED ON THE A.S.M.E. CODE
Bending Moment, in 000 In.~Lb.
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0 2 4 68 0 1 16 20 22 24
Stationary Shaft- lly Apolied Loods
Bending Moment, in &I‘:-?Lb.
Scales (for rotating shafts): horsepower &t 100 r.p.m., the following formuls can
A. Gradually applied loads. be used:
B. S8uddenly applied loads, minor shocks. o hptﬂh_d
C. Suddenly applied loads, heavy shocks. Hp. st 100 rpm. = . of shatt > 100
D. Bevere operating conditions, high reliability. For this problem, the horsepower at 100 r.p.m. i

Upse of the Charts, Ezample—Consider a shaft trans- 125 Trace across from 12.5 to 10,000 in.-Ib., bending
mitting & steady load of 25 hp. at 200 r.p.m. and sub-  moment line for the scale for steady loads. The shafting
jeeted to a bending moment of 10,000 in.-lb. If the size is found to be 23{g in. If there were no keyways, &
shaft is made of ordinary cold-drawn shafting used for working stress of 8,000 Ib. per sq. in. could be used. Tha
power transmission work and has & keyway at the point  factor for this stress would be 273{g X 0.908 = 2,19,
where the bending moment is maximum, a working stress.  Therefore & 3{4-in. shaft could be used if there were no
of 8,000 lb. per sq. in. should be used. To find the keyway present,
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SHAFT DIAMETERS BASED ON THE A.S.M.E. CODE (Continued)
Bending Moment,in 000 in-Lb.
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sdio : / 7 Totefs™
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65 5
3 {457 -m-'ﬂ / o] " bss -
"N' 01® %w/ 12080 (60
§ wl | ® A / 50 ¢
& *1 s E [0 |2 L g5 &
[ = l" = - 55
g ﬂlﬁo- %0 - n =
65 o5 ” -I!U'IM'T! - 60 ,E
40 1 507 100 // .Eo_m L
- 701105 %aﬁ Lito|  tes
45+ 534 {0 b | 8ok 2o} %0 70 g
ns 7 15 £
= 604 801120 . ,wq.m-qg
0] |4 - 2000 ~ loot-80
- al ::‘:. " 7/ Friotwotios| o
< = o b
17 954 ot L/ 220 ol ™ Lo
[T 1#15",/ il
60 75100 150 }/ a0k 160k 95
1054 ' A -2 r125 100
1% o L m-—m
Lot o4 ies P =105
854, . | 170 -2T0L ag 135
704 ns 75 280 Luto uo
901120 180
B0 25 30 35 40 45 50 55 60 65 10 75 80 85 90 95 100 03 [0 115 20 15 130 5 WO
mryﬂwﬂ ied Loods
ot Hnmw
Scales (for rotating !hlﬂ;gld. 8, Factor 8, Factor
A. Gradually applied
B. Suddenly applied lowds, minr shock sow | L | 1000 | o8
& s&”mfw;ﬁ.mﬁﬁ’“‘“, . 3,000 1.260 11,000 0.817
Other Valvs of Su—1n making the chart on thinand S0 | os | 13,000 | 0.7
the preceding page, the value of 5, was taken as 6,000 Ib. 8. 000 1.000 14 000 0.754
persq. in. For any other value of §,, multiply the shaft ' 0
: 7,000 0.950 15,000 0.737
diameter by a factor from the following table. 8,000 0.909 16,000 0.721
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TWO-BEARING SHAFTS OF UNIFORM STRENGTH

A
] Voles of B g 02 03 4 05 06 07 080910
7
A
5 == — — jﬁ
1 .
Iyl
NN d
1
1L Fl
F.dl
4 — il
Fd
é '
, G
|
(olcvlafed from D = ‘@C
s Ht
All aimensions in inches
1
|
I
: %
| 7 11 |

In designing a shaft with two bearings, the diameter at the point between the bearings where
the load or resultant of loads is applied is calculated from considerations of deflection or stress. From
the chart the minimum diameter at any other point & distance A from the center line of the bearing
can be found. In the case of a shaft extension, the diameter at the bearing is calculated and the
chart gives the minimum diameter at any other point a distance A from the load. These *minimum
diameters” are shown plotted on the shaft, the points forming & curve. It will be apparent that
the section of the shaft at the inside neck of the bearing or at the load must be sufficient to take care
of shear and twisting moment. Ezample: Shown by dotted line: 4 = 434 in.: B = 15in.: € = 47§
in.: D = 3.26 in. from the chart.
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STRESS IN A ROTATING DISK

167

N
50 =110
Maxi tangential stress in a thin retati
dul:“;ugmm m A PN i 4
s= w210 [BemI R+ (1-m)r?] +
Rond r are radii in in. +
N=angular velocity in L000 npm
m= Poissons ratio for the material T
we= density in |b per cuin. 45 9
5= maximum tangentiol stress in 100,000 |b.per sq.in. .
(i R exceeds 10 use light foce scales for R,r andN) +
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o 3 4 5 6 7 8 ¥ 0w 1 o
R R + g..
0 15 20 25 30 35 40 45 50 T &
l Outside Radius, R T_.£
\ 35 -—-75
0 4
S e
Dotted lines show that for R=5 r=land me=035, ]l =
w?i'h we &Tﬂ disk rul'uhnq %oo mwﬂl A
B T st |
/” 1
- e
‘ = 25 45

Density w in Lb per Cu.ln

s

L

|1|Tl!1|.:

Tangential Stress in 100,000 Lb. per 5q.in.

1Illll'lil.l Iill L
'

2
015
N 02 . N
- YWY “Leod
i 7 NN Copper
4 <% e “s._ ~Steel
g %B Brass, “~~Cast iron
3 e
] = a4 a4
. n
: %
K Lead
e 3
] Q
43 it 8 & s 6 7
0 15 20 25 30 35
Inside Radius,r

www.EngineeringBooksPdf.com



168 HANDBOOK OF MECHANICAL DESIGN
VELOCITY CHART FOR GEARS AND PULLEYS
Diameter of Geor or Pulley, Inches
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FLAT-BELT LENGTHS AND PULLEY DIAMETERS

The chart on the following page is used for the
ealeulation of belt lengths for open belt drives,
step cone pulley sizes for open belts, and pulley
diameters on V-belt drives.

The length of a belt can be calculated with
sufficient accuracy for all engineering problems
from the formula

L=20+%dn+1) + 0D (g9)

where L= belt length

' = distance between pulley centers

d = gmall pulley diameter

n = gpeed ratio

D = large pulley diameter

D o= nd

Any type of graphical solution of the equation

is not simple in this form, because there are four
variables in it and they cannot be shown in &
simple chart. If the Eq. (32) is divided by C, it
will take the form as follows:

d d:
L4 ilm+D+5Hm-1 @)
For further simplification, let L/C = z and
d/C = y. The equation will then become

z=2+4+Zyn+ 1)+ -1 34

Equation (34) contains only three variables, of
which n, the speed ratio, is usually known. The
equation can be plotted on ordinary coordinate
paper as in the accompanying chart. The fol-
lowing examples show how to use it.

Belt Length for Open Drive

Ezample —Assume the small pulley diameter
d = 5 in., the speed ratio n = 4, and the dis-
tance between pulley centers ¢ = 50 in. Then
d/C = 3, = 0.10, From d/C = 0.10 on the
chart, trace horizontally to the speed ratio
n = 4 and follow vertically downward to read
L/C = 2.81. Therefore

L=CXx28l
L = 50 X 2.81 = 140.5 in.
Substituting the numerical values given in this
example in the Eq. (32), the solution will be
T 54 — 1)*
L =100+35(4+1) + =g~
= 140.375 in.

Although there is 1§ in. difference in the belt
length L as obtained from the chart figures and

by Eq. (32), the chart values are rlose enough for
all ordinary belt length calculations.

Calculation of Step Cone Pulley Drives

Ezample—A four-step cone pulley drive is
required with speed ratios n of 2, 8, 4, and 5.
Assume that one speed ratio, namely, n = 4, and
that the diameter of the small pulley d = 5in. is
the same as in the preceding example. Center
distance is C = 50 in., and the belt length is
L = 140.375 in. The value of L/C = 2.81 will
be the same in each instance.

For the speed ratio n = 2, read vertically from
L/C = 2.81 to where this line intersects the ray
of the speed ratio 2. Follow horizontally to
d/C, and read 0.17. When d/C = 0.17, then

d =017 X 50 in. = 8.5 in.
D=2X85in =17 in.

For the speed ratio n =3, d/C = 0.126 is
obtained from the chart in a similar manner.
Therefore:

d = 0.126 X 50 = 6.3 in,
D=3X63in. = 18.9in.

For the speed ratio n = 4, as in the preceding
example, d/C = 0.10 and d = 5 in. Then

D=4%5in =20in.

For the speed ratio n = 5, d/C = 0.083 on
the chart so that

d = 0.083 X 50 = 4.15 in.
D =5X415in. = 20.75 in.

In this instance, the steps of the driven pulley
will be 4.15, 5, 6.3, and 8.5 in. diameter, mating
with steps on the driving pulley of 20.75, 20,
18.9, and 17 in. diameter, respectively.

Pulley Diameters for V-belt Drive

Ezample.—If the pitch length L of an endless
V-belt is 120 in., the speed ratio n = 4, and the
distance between centers C = 40 in., find the
pitch diameters of the pulleys.

If L/C = 3, then d/C = (.1216 is read at the
intersection of the lines L/C and speed ratio
n = 4. Therefore

d = 0.1216 X 40 = 4.864 in.
D = 4864 X 4 = 19.456 in.

A V-belt manufacturer's catalogue is then con-
sulted to ascertain pulley outside diameters.
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CHART FOR FLAT-BELT LENGTHS AND PULLEY DIAMETERS
alr

A

J/// : / i
<] /
(At

/ A1 | Y
A1/ LY
1//1//
/ /f

t!mlﬂllﬂlihﬁl&i?!ﬁl?w



171

POWER TRANSMISSBION ELEMENTS AND MECHANISMS

FLAT-BELT SPEED-HORSEPOWER CHARTS
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BELT HORSEPOWER CHARTS
Determining Belt Tension Resulting from Centrifugal Force
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The flat-belt horsepower chart on the preceding page enables the designer to
obtain the linear velocity of the belt in a given drive. In the illustrative example
given with that chart, the linear velocity of the belt was shown to be 3,160 ft. per min.
By assuming a belt whose unit weight is 0.15 Ib. per ft. per in. width, the additional
belt tension set up by centrifugal force can be obtained from the chart on this page.

From the point in the vertical scale designating 0.15 in. per ft. per in. width, trace
horizontally to the right to the point representing a velocity of 3,160 ft. per min,, as
indicated by the diagonals. Then drop down vertically to the horizontal scale,
which gives the value of WV?*/@ as 13 Ib. per in. width of belt.
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FLAT-BELT HORSEPOWER CHARTS

Determining Arc of Contact for Open Belts
Angle & in Degrees
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FLAT- AND V-BELT HORSEPOWER CHARTS
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CHART FOR FINDING V-BELT LENGTHS
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SHORT-CENTER BELT DRIVES
Calculations for the Arc of Contact and Length of Belts Having an Idler Pulley

When an idler pulley is used to increase the
arc of belt contact on the driving pulley, it
becomes necessary to calculate that increase to
obtain the belt length. In the figure below,
center lines are drawn connecting pulley centers.

Solving for the belt wrap 8 on pulley d,

d + Dy
e R T R
d .
2sin (¢ + 4)
Dy
2sin (¢ + 4)
(d + Dy)
2+/A*4 B
(d+ Dy)
2+/A* + Bt
A=sint—a
v A 4 B?
L L .
VAT B VAT B
The angle of belt contact on the driving pulley
d will then be

f=180deg —a+ (6 +4) £ A
= 180 deg. — a + ¢

in which the angle of approach « is

: D—d . D—d
MG=T ar

The angles ¢ and A can be found on the chart.

Xi+ X =
X =

Xg =

sin (¢ + 4) =

¢ = sin~*!

¢ = sin™!

When A is above the center line, angle A will be
minus, and, if A is below the center line, angle A
will be plus. The scale 4 in the chart can be
used for either plus or minus values but the sign
preceding the angle A must be kept in mind.
When values of A are less than 1, values of angle
A must be interpolated. For example, when A
is between + 0.5 in., angle A is less than +2 deg.
and is read on the scales “A4" and “angle A in
deg.” by interpolating.

For the example shown on the chart on the
next page, the arc of belt contact on pulley d
will be

=180deg. —a+ (¢ +4) — A

= 180 deg. — 14.5deg. 4 33 deg. — (—4.5deg.)
= 203 deg.
Equation for the length L of belt is

L=E+4+8+F+CG+H+J

D (180 + a 4 ¢)
whunE-:I d%J

¢ _;{lﬂﬂdaL—a++]
57.3

Ds (¢ + @)
F=5"ma3
G =

H = Dm(ﬁ}deg.—#+h)
J = d tan (00 deg. — ¢ + ¥)

In the foregoing equations, values for the
various symbols are caleculated as follows:

G D4d
e - B c______.______ P * = mn ’a-.—.-—
R e 3 2VAF(C - By
g s . D—d
. a = gin" "' —
"p&
. 44Dy 4
p S AT B B
% e ki ( D:f?cﬂﬂi' A
- = Dl,fﬂﬂﬂﬂ¢ A
i ¥ =R B — Dy/2sin ¢
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SHORT-CENTER BELT DRIVES
A in Inches
A !II | I . 1 1 1 _‘[ 1 i | L 1 1 1 1 | 1 1
di 5 10 15 20
|
/
x E;I L1 1 14 01 011 ‘| 1 1 1 1 1 1 1 1 P | 1 1
20\ 0s 8 7 6 5 4 3 2 S s
\ Procedure:- »”
Connect |on A-scole with I2 on B-scale 7
| follow the ray on C-scale to Y-sca nndcnnner.-{' g
\ to value of Aon X-scale g lvung(A P
\ Connect point on Y-scah with IJ,‘] 7
\ on Z-scale giving ($+4A)= A
' 7
| ﬂ]]]}]]]]]]]m:l:l:l:l:m:l:l
| 0 2 10 s 2
\ Angle d,dnbegms
\ o Example:-d=5in, Dy=8in,,
1 s A=t1In) or less than fin,
\ e B=12in,C=50in,and
l ,f D"miﬂ.
4 | 10 7 20 30 40
i ; . - A —
| == =
Ir| L | § 1 & J
04 10 20 N 30 40
\ Va«p? \\
\ Y
1; I’angk“'ﬂ} in B‘e?lr‘eu
’ll 50 40 3N\, 20 0 5
04 0 ) 20 b 30 35
BT T T T T T T T T T T T T T S 1 S . — e |
04 B in Inches N\
»
N\
LY
\‘
LY
LY
\
\\
(d+Dg)in Inches \
o__n & % w N8
2 ) R . I S A |
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CHART FOR CALCULATING NEEDLE BEARINGS

2 3 8 3

I T T T T 7wy T
4,000 q © 888 E W= lood on bearing in Ib,
] § m W iR _§’ g \‘E 3 N * number of rollers
3500 'l n, Revolutions per Minute A\ 1 = effective roller lengthinin.
"' d = roller diameter in in.
3000 Safe load from needle bearings n=Lpm.
Wa ﬂs Nid \
2500 — AL
Qo5 0.!\ 0z 02503
7'.20.0 P L T [ | II] \ § $ ]
2,000 5 B i\B & Ii
d, Diam. t:fﬂn'll!r‘ \rlch:
1700 =
\\
LS00 = \
L300 -
g \
Pivot Scale M
LO00 /
: 900 /
- | ™ Index lines show a needle bearing with 25 rollers
o 800 - \\ f’i at 2,240 r.p.m. will safely carry a lood of
= ~ 8971b.
- contecting surfoces
& 0 ""-..\ P dena T Bkl 31 and cacurate algament
.g 600 - \\-.\
S
S G
¥ 500 -
- S~
o ’k_mﬂ"\
350 - fl
300 - } Load Fector for Harder Surfoces
a m% [
250 - i
&
= L2 \
fw \g
200 - Z .
2% w = 55 54 53 52 51 50
170 - 2 hcllmll C Hordness Number
hows that the benri load W of
150 - 397 1b.at 3 bearing hordness of %h
J Increased to Ib. at Iurdmn
130 1-Length of Cyljfider in in marsion Lshown i theeffective
/
NWENRE:
i 1 v/ 1 1 nrpm
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THRUST BEARING FRICTION MOMENT DETERMINATIONS

750 11500 chars for oblaining friction
moment My for shaft
T wrth end foce square with fhe
100 4 axis and faking a thrust L 05
T 400 P osgiven by e equation
4 2PfR i
Mg= =—5—
650 + 1300  f= Coefficient of firichian B
1 « Rodlius of shaft " !
600 1 1200 " - L5
E f =
sso+ 00 M 2
5 5001000 €3 425
£ "
I T 3
oE il A - . _=,
e ™ e B c
E’ 1 ~E___...-—"‘-F—F_-—‘ E i E
§ 4001860 & § [35%
£ 5 T 2
L b= 2 -
& 2 e -
% 350 +700 © s 4
-+ 5 ":' =1
S 300 600 i - 45
s
! K 3
250 + 500 ai5 + 5
200 - -55
150 + -6
100 - - 65
50 - -7

For the rapid caleulation of frictional resisting moments, a chart such as shown
by the illustration on this page for a solid shaft with end face square with the axis
may be constructed. In using this chart, it is merely necessary to connect the given
values of P and f as found on their respective scales by a straight line. Where this
line, shown dotted in the chart, crosses the diagonal, join this point with the given
value of R as found on the scale, and extend to the left-hand scale where will be found
the desired friction moment. If the friction moment and the speed of the shaft are
known, the power lost in friction can be calculated.
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CHEMICAL AND PHYSICAL PROPERTIES OF BRONZE BEARING ALLOYS

Average chemical composition Physical properties
Johnson 3 Bri- Coeffi- Izod Resist-
bronze Co ‘Il.b y nell | Wear | cient oteh | 0ce
alloy no. | P | Tin | Lesd | Zine |Nickel| o 5 hard- | rate® lof frie-| "0 5 | to
+5,000 ness | (dry) | tiomt ' L) pound.
no. (dry) ing§
18 700 | 11,0 19.0 | ... ... | 27,500 62 |0.24 |0.16| 3.4 | b4
25 W.0| 50| 190 i 1.0 | 22,500 44 0.36 | 0.14 52| 22
b1 80.0 | 10.0 | 10.0 30,000 58 |0.32|0.19| 4.4 | 63
29 78.0| 7.0 15.0 24,000 52 |0.35|0.16| 56| 40
51 B7.0 | 10.0 1.0| 2.0 36,500 67 | 0.63 | 0.25 83| 81
53 88.0 | 10.0 2.0 36,000 60 |0.62)|0.26| 8.5| 88
55 86.0 | 12,0 | .... 2.0 39,200 74 | 0.58 | 0.29 3.9 | 100
66 B5.0| 50| 90| 1.0 26,000 12 48 |0.50 | 0,19 | 8.4 | 20
Tl B5.0| 50| 5.0 5.0 20,000, 8, 200) 16,500/20 +7| 40 | 0.64 | 0.18 | 12.1 20
72 |830| 70| 70| 3. 20,0000 8,600 14,600(17 +5 5 | 041 |0.19| 86| 38

* [n grama per 10,000 revolutions—Amaler wear test mashine—without lubnestion.

t As determined on Amsler wear test machine.

t Foot-pounds of work required to broak specimen 0.400  0.400 in.

§ Number of blows of hammer weighing 7.5 Ib. falling 2 in. required Lo deform apedimen 5 per cent. Bpecimen diameter 0.394 in., length
0.788 in.

Note: Other alloys may be found, whose chemical and physical charncteristics differ but little, and consequently
their performance does not materially enhance their bearing value. Any operating condition can be met by the above
10 preferred bearing alloys. On page 181 is given a chart which indicates the field of application for bronzes of various
percentages of copper, tin, and lead.
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BEARING BRONZES GROUPED ACCORDING TO FIELDS OF USE

- A

E

|

0 5 10 1 o 20 % 30

In this chart, the lead content and tin content of the alloy is as designated by the coordinates,
The percentage of copper content will be 100 minus the total of percentage of tin plus percentage of
lead. The numbers in the field of the chart are the Johnson bronze alloy numbers.

On the preceding page, will be found s table giving both the chemical compositions and physical
properties of the alloys whose numbers appear in the field of this chart.

Refer to the article, Bronze Bearing Alloys—Properties and Applications, Product Engineering,
page 202, June, 1934, wherein is set forth the reasons for the various bearing requirements and the
effect of each of the various constituents in copper-tin-lead alloys. The characteristics of the
10 alloys included in the preceding chart and specific examples of their typical applications are also
given,

Fields of Application of the Five Groups of Bronze Bearing Alloys.—A. This is the most useful
range of copper-tin-lead alloys. All alloys in this group have good wear rates and resistance to
pounding. Alloy 19 has the highest wear rate and has comparatively good resistance to pounding,
but is somewhat brittle. Alloy 27 has a good wear rate and a correspondingly good resistance to
pounding, it being moderately tough.

B. Alloys in this group are suitable for bearing installations only where adequate lubrication
can be guaranteed at all times. They have valuable characteristics where exceptionally heavy
impact loads are encountered as in the bearings of erushing machinery.

C. In this group are the alloys best suited for low loads and moderately high speeds. These
alloys are often used as bearing backs.

D. Allo_va in this group are suitable for high speeds and low loads, but should not be used where
there is excessive pounding.

E. Alloys in this group, containing less than 3 per cent tin, are unsuited for general bearing
service owing to their high wear rate and low resistance to pounding.

Q
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AN

Fio. 302.—For grease lubrica-  F16. 303.—Bometimes this type is Fio. 304 —Usually only one

tion, the half-round groove is used used without sealing rings. groove with & cork or felt ring is
frequently, the effectiveness of the depended upon to perfect the seal.
#eal increasing with the number of The tapered walls tend to press the
grooves, of which there should be sealing ring against the shaft.

at least two.

Fio. 305.—This design makes it  F1a. 308.—One method of applying Fra. 307.—A simple design of
ree

easy to replace the cork or felt a simple leather seal. labyrinth seal. Centrifugal fo
ring. Insome instances, the depth prevents the entrance of foreign
of the counterbore is doubled and particles while grease or vil lubri-
two rings are usad, cant on the shaft is thrown out-
ward, thus filling the labyrinth

D
7

§
%
{

Fio. 308. F1a. 309. Fia, 310.—Addition of a slinger

Fios. 308 and 809.—Labyrinth and groove seals can be combined for greater helps materially to prevent liquids
effectiveness. finding their way through the seal.
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777

>
W i

Fia. 311.—For slow speeds, two  Fio. 312.—The common lsbyrinth  Fia. 313.—Left, Chicago Rawhide

cork rings mounted as shown can
be used. The set collar ia some-
times counterbored and two small
springs placed in the counterbore
with a covering washer that bears
against the sealing ring.

=

%

Fio. 314.—Cooke-type seal that em-
bodies the patented principle of main-
taining contact between the stationary
and moving surfaces.

%
()
! %
/ 3
2 e, Fl
o % 5

7

Fia, 816—An effective ball or roller
bearing seal.

shaft seal,

Company seal. Right, Gits Brothers
Manufacturing Company seal. They
can be used for sealing in either direc-
tion, the spring maintaining pressure
between the leather and the shaft.

G o = )i

Eaw

Fio. 315.—Another application of the
Cooke seal. Metal bellows permit rela-
tive movement.

Fio. 317.—Mllustrates the principle of the
water seal,

www.EngineeringBooksPdf.com



184 HANDBOOK OF MECHANICAL DEBIGN

ROLLER-BEARING SEALS

‘h\ ‘ﬂfngrr
W""- O/ holes ensure
-.g‘t\\\.ﬁé:d? b M"ﬂfﬂ'fﬂm of
B s 1R

: WM\:
Notakalring
Fio. 318,

T St

"Metal seals drilled fo
ensure safurafion of felt
Fio. 323.

73

s,

%
|
Z

™
N

NS

¢[N|

5
E
5

—

T - —[—1
‘Annuiar oif groo ves' Metal sealing ring
Fia. 324. Fia. 325.
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R
B

“Metarl sealing ring
Fia, 334.

s SR
Metal sealing rings Metfal sealing rmgn; / “\\\\}\
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SLEEVE-BEARING SEALS

b

Fic. 338.—For retaining lubricant, the seal is assembled with the flanged leather projecting toward the bearing.
The leather packing is clamped near the outer edge of the flange by the inner of two telescoping metal cups, a tight
joint at the face being thereby assured. A garter-type spring compresses the leather about the shaft. Should
misalignment occur, the seal is maintained by virtue of the flexibility of the leather and garter spring. To drain
off the surplus oil passing the end of the bearing, & small hole is drilled in the casting connecting the reservoir,

F1o. 339.—Installstion of double seal unit for retaining lubricant in bearing recess and for guarding against
entrance of foreign material. The seal is of the same general construction as shown in Fig. 338 except that two
flanged leathers are mounted opposed to each other.

Fia. 340.—Used for the same general purposes as the arrangement shown in Fig. 330. The seal has but one
garter spring for the oil-retention leather flange. The leather washer for dust exclusion shown at right has a beveled
lip which contacts the shaft,

......

................................

E

AE!

Figs. J38 fo 343 incl,
Coiirfesy of Universal

Fi. 341.—Sometimes felt is
used on the dust-exclusion side of
the seal in place of leather shown
in Figs. 330 and 340. Both sealing
materials are retained by spinning
the outer casing over the leather
clamping eup.

Fio. 342.—Where there is con-
siderable difference in the diam-
eters, the face of the shoulder thua
formed can be utilized as the seal-
ing surface. A soft ring of cork or
leather is beveled at the outer
surface ns shown. A flat spiral
spring, coiled to a greater diameter
than the hole in the sealing mate-
rial, expands the packing outward
against the beveled ring and wedges
it against the face of the shaft
shoulder.
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Ov/-Jeal Company

F1a. 343.—Working on the same
wedging principle as that shown in
Fig. 342, except that the packing
is beveled on the inner surface and
ie retained by a sheet metal flange.
The cork or leather pealing mate-
rial is compressed against the two
bearing surfaces by a garter spring
as shown. Seals shown here and
in Fig. 342 are limited to approxi-
mately Y4q in. end play.
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b

V77, A5

Courfesy Gifs Bros.
Manufocturing Co.

Fic. 344.—Another type of seal
wherein a bronse ring bears against
theshoulder of the shaft. The sealing
material is in the form of a dia-
phragm of heat-resisting fabric which
retains oil in the bearing and excludes
dirt. In the flanged member that is
screwed to the housing is a series of
compression springs which hold the
ring against the shaft shoulder.
These springs not only take up wear
but provide for end play of the shaft.
To avoid torsionsl strain on the dia-
phragm, guide pins are used between
the outer flange and spring bearing
washer,

o/
Courfesy of fhe = alreiiy
ﬁ.{x& Wanutoctur
ing Company

Fi1o. 348.—When oil seals are to be
inatalled after & mechanism has been as-
semblad or to preclude the necessity of
disassembling heavy shafts and bearings
when making seal renewals, split seals
can be used in such installations.
spreader spring and packing ring are
split, whereas the retaining cup is made
in two halves. The packing is searf-eut
to form an oiltight joint when assembled.

materials butl on the small clearances with the assembly,
—————an tacting & bronze thrust washer is clamped against the shaft shoulder after the
= formed dust seal cup is pressed into the counterbored hole.

187

I, x 4

=
_t\\?\q%

7

iy e iy

il A
Tri. .. ===+
A - Right J‘JDJJII?'

W
\h i :

A | J qroo
Na'tionol
Gt (4 Sl
F1o. 345.—When grease is used as a F1o. 346.—Lenther flange seal
lubricant, it is sometimes desirable to  with garter spring mounted in &

assemble a wingle seal to keep dirt
from reaching the bearing rather than
retain the grease in the bearing. The
illustration shows an installstion
wherein a right-hand spiral groove is
out in the bearing bore to lead the
lubricant outward. Burplus grease is
forced past the seal, thereby keeping
the bearing clean,

flanged end plate. Spring ten-
sion is such as to give small
area of contact between leather
and shaft, thereby minimizing
friction. A bronze thrust
washer ia between the bearing
and the bearing housing.

#hale e

P

i
Fio. 347.—The labyrinth seal shown does not rely on nonmetallic
A steel washer con-

Lock
N et o
1 " ——— e
- pos

Fic. 349.—Another mounting of small worm-drive shaft for
domestic washing machine and domestic stoker. The composition
sealing material is held against the shaft by a V-formed spreader spring
having serrated edges which nest into the sealing ring. The angle of
the V in the spring is greater than the groove in the seal so that the
fingers of the spring exert & light pressure on the sealing lip. An oil
return hole is drilled outside the bearing to relieve built-up pressure
against the seal.
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IR
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T \\ \'*:__
! _mﬁ .-ll.W" '|
e 2 _‘5, _______
. 9 springs
& outside diometer

0109 diam. wire
Load = 1100 b, per in.travel per turn

Test = lood 35 to 40 lb.on 20in, rodius lever

Fio. 350,
- —_——
g - LI //:’ %-'
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SN
L
T3 ! m&\\
P [ e —
| |5k
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i .,"‘\.jz% \ _, Esprings
! Elg _\ 3l outside diom.
" "Q::q.- 3 o4
b \ 0109 diom. wire
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' _ % intravel per furn
N ny———— Test = lood 601065

HI-8F  |b.on 20in.rodius
lever

F1a. 352

= Sy semcmmom v

{2
Ny
7 NN
SRR

25teeth § pitch
e fqrrnﬁbrrﬁmn
32

« Zsprings
1 outside diometer

0.040" diam. wire

Load =26 lhper in. trovel per turn, for noise maker only
Test=lood 25to 28 Ib.on o 5Tin, rodius lever

Fra. 351.
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Y e A
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\ ;%\\\\ et BT
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Fio. 353.
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I
g |
Sy |
83 |
Wy |
8
Ba ;
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z =N\
! (" ORCE
' el
: HT-12P
o __"f/?_
. Fsprings 12 springs
§ oubside diometer & cutsice dioreter
0,092 diam. wire Q109 diom, wire
Load=8M |b.per in. travel per turn Load U00 lbper in. travel per turn
Testrlood 50060 Ib.on 20in. rod lever Test =load 65 to 75 |bion 60in. rod. lever
Frei, 354, Fra. 355.
¥
& ——
P I
b o
& -
P il
L o
o L
S ' - G-
Lyl P
o i 1:,-5
Wi | th i
v g 1t e
Y N R
HLY §°a;b-8
Qe AL
S &
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. 20springs
2 outside diameter
Q109" diam. wine
Load 100 I perin travel per turn
Test = load 65 to T01b. on 60 in. rodius lever
Fia. 356,
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SHIFTING MECHANISMS FOR GEARS AND CLUTCHES

, Jhift colfar
i wytlr frunnions

L z/f'}
L

) 4
; %78 %

) N | R D
“Nut for end play ? for J
odjusimen assembly

Fra. 357. Fra. 358.

Jerew odusty cleorance
between clufch disks

WA ting lever aftoched fo this shaff
L]

7 p Driving ' L.~ Gear sagment -
0"‘/’2}/__,2 ; s L dirsk F *‘F |J}‘H'ﬂ‘l"ﬂg' lﬁnﬁ:‘,
ORI iy B 1 l \
20 ) G s N, o D H
2 pmmenes 2 e B9 S 7 :
—— = s — A ; fEmE =
' —I— s
A1 ——
# ) . =
] ¥ " 1
i i * i
[Jhrust bearing e \
Over running stfroring nut Rock teeth :r;mrb engoge |
chefeh orives ok gear segirers
Fin. 360, Fia. 361
~Thaf? cut oway for cleorare
% (Shifting Fork
Gear  lurned grooves
Shifting y Losifion rodls :
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P ] T B i F _" L
S f;‘op_.;ﬁ:n o Jpring plunger Finis
fork fo shift red

frunnion
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GIBS AND GUIDES
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CAM DESIGNS
Typical Forms Used in Machine Design

Radial Cam with Roller Foce Cam
Fallawer

Yoke Cam Radial Cam with
Mushroom Follower

Conical Cam '\

Spherical Cam
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VARIABLE-SPEED DEVICES

L

Fi16. 416.—These speed cones are mounted
at any convenient distance apart and con-
nected by & belt, whose outside edges consist
of an envelope of tough, flexible, wear-
resisting rubberized fabric built to mthstnnd
the wear caused by the belt edge traveling
at a slightly different velocity from the part
of the cone in actual contact. Speed ratio
changed by sliding the belt longitudinally.

Fi6.415.—Device for transmitting power between fixed parallel
shafts. Convex disks mounted freely on a rocker arm and pressing
firmly against the flanges of the shaft wheels by a coiled spring
form the intermediate sheave. Speed ratio changed by moving
rocker lever. No reverse possible, but driven shaft may rotate
gbove or below driver speed. Convex disk must be mounted on
self-aligning bearings to ensure good contact at all positions.

Fia. 413 —Another device to avoid belt

Fic. 417.—Two cones mounted close

together and making actual contaet through

a squeezed belt, Speed matio is changed by
shifting the belt longitudinally. Taper on
cones must be moderate in order to avoid
excessive wear on the sides of the belt.

“creep” and wear in speed-cone transmis-
sions, The inner bands are tapered on the
inside and present a flat or crowned surface
to the belts in all positions. Speed ratio is
changed by moving the inner bands rather
than the main belts.
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Universal_jint,
. 1

Fi6. 419.—Devices for avoiding belt wesr when using speed cones. At left, creeping acting of belt is not entirely
eliminated, and universal joints present s problem of cost and maintenance. At right, s roller is substituted for the

helt, giving more compactnesa.

Fig. 420,—The main component of this drive
is & hollow cone driven by a conical roller. Bpeed
ratio changed by sliding driving unit in V guides.
Note that when the roller is brought to the center
of the hollow cone, the two run at identical speed
with the same characteristics as a cone clutch.
This feature makes the system attractive where
heavy torque at motor speed is required in com-
bination with lower speeds for light preliminary
operations,

Rollers== $ﬁ\§ ‘ﬂ"‘? Driving
Driven, ATl oSl pU.
PRI ay m

I‘\:\\\\\\\\\\'\'\\ 3
=T E =

Fr1a.421.—In this transmission, the cones are mounted
in line and supported by the same shaft. One cone is
keyed to the main shaft and the other is mounted on a
sleeve. Power is transmifted by a series of rocking
shafts and rollers. Pivoting rocking shafts and allowing
them to slide change the speed ratio.
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TRANSPORT MECHANISMS

Shatt D
Fie. 422.—In this design, a rotary action is used, The shafts D rotate in unison and also support
moving member. The shafts are earried in the frame of the machine and may be connected by cither a link motion, &
chain and sprocket, or by an intermediate idler gear between two equal gears keyed on the shafts. The rail AA is

fixed rigidly on the machine. A pressure or friction plate may be used to hold the material against the top of the rail
and prevent any movement during the period of rest.

X X

JSwivelarm? . .4:
] 'ﬂ,gff (Y ki ) ”’,. *-\ -
Poth of fronsport! .\-.E-’/ Driven arm -

. = Shatt
Poth of # m,mﬂ\“"‘/ 2
K= Arficles moved i

201

the main

Fig, 423.—Here is shown a simple form of link motion which imparts a somewhat egg-shaped motion to the
transport. The forward stroke iz almost a straight line. The transport is carried on the connecting links, As in

design in Fig. 422, the shafts D are driven in unison and are supported in the frame of the machine,

Bearings E are
also supported by the frame of the machine, and the rail AA is fixed. The details of operation can be understood
readily from the figure.

x - x .y
A—F\ e pe——) A= Top of roil
P Sl ———— e ] ~ Firic tion siicle C
g
Patfhof -~ F
!mn;:orf {///y '
Litting lever” \ "\ Pin ‘Pin €\ Friction roil
1A E ‘Trenspoert Lifting lever
._{'\I\ ! s;gapgn‘.rhy
oy ¥
Driving ﬂ"'m""’ln:'; J /

Xo Arficles moved

Fi. 424.—Another type of action. Here the forward and return strokes are sccomplished by a suitable mecha-
nism, whereas the raising and lowering is imparted by a friction slide. Thus it can be seen from a study of the figure
that as the transport supporting slide B starts to move to the left, the friction slide C, which rests on the friction
rail, tends to remain at rest.  As & result, the lifting lever starts to turn in a clockwise direction. This motion raises
the transport which remains in its raised ion against stops until the return stroke starts at which time the reverse
action begins. An adjustment should be provided for the amount of friction between the slide and its rail. Tt can
readily be seen that this motion imparts & long streight path to the transport.
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F1o. 425.—Here is illustrated an action such that the forward motion is imparted by an eccentrie while the raising
and lowering of the transport is accomplished by means of & eam. The shafta F, E, and D are located by the frame
of the machine. Specinl belleranks support the transport and are interconnected by means of a tie rod.

Fia, 426.—This s another form of transport mechanism wherein a link motion is used. The bearings C are supported
by the frame, as is the driving shaft D.

A

“~Shaff €=

F1a. 427.—An arrangement of interconnected gears F16. 428 —In this transport mechanism the forward
of equal diameters which will impart & transport and return strokes are accomplished by the eccentric
motion to & mechanism, the gear and link mechanism arms, while the vertical motion is performed by the
imparting both the forward motion and the raising cams,
and lowering. The gear shafts are supported in the
frame of the machine.
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AUTOMATIC FEED HOPPERS
7 Refating Kicker

N/

Fra. 420.—The rotating arms of the nut hopper Fig. 430 —Same type hopper and rotating arms as in
push the nut blanks up the incline into the chute. Fig. 429, but s different chute, designed to feed bolts.
The retaining finger holds several nuts and prevents Kicker wheel at the mouth of the chute kicks back into
them from sliding back into the hopper. the hopper the bolta that do not enter the chute properly.

-~ Terbe conveyor

Hopper sides,
4

Fia. 431.—Hopper used for feeding F1a. 432.—The hopper is adjustable for feeding various lengths
shell-like pieces into a tube conveyer. and diameters of plain round stock, the pieces falling into the chute
The agitator finger at either end of the work prevents

A reciprocating plunger picks up the by gravity. ; .
work at the lower end of the stroke and  bridging or wedging of blanks over the chute opening.

deposits it in snap fingers at the end of
the conveyer tube.

==l center of hopper- . _._‘|!

Fic. 433.—An oscillating arm carries the blade through the center of the bolt hopper and at the top of its stroke
forma & continuation of the bolt chute. Sides of the hopper are inelined toward the center to feed ’holu into the blade
at & low position in the hopper. One blade is used for each diameter of stock handled, tapered spacers in hopper heing

adjustable to accommodate varying widths of blade,
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Fia. 434.—Tilting hopper for small rivets and F1o. 435.—Rotating hopper set at angle is slotted
screws, in which the work falls into a slot at the bot- at the lower face to feed into the chute small cup-
tom center of the hopper, which is tilted to the same shaped objects, as shown at A, positioning them with
angle as the chute, their open end up. Should cups enter chute open-end

down, they will drop through selector alot in the chute;
thus only those correctly positioned are allowed to
proceed to the assembly point.

el .ll
Adjusting screws

Fi6. 436.—Vertical rotating disk hopper for feeding
shouldered pieces to the chute. By adjusting the

hardened dog-point screws, it is possible to feed pieces
with & difference of only 0.010 in. on the diameter,
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Fia. 438.—Direct glue dabbers such as thia
are inexpensive and simple, but can be used
only when it is permissible for the quantity of
glue to be applied to vary and when the appliea-
tion is to be made in strips or dots. The
applicator, of any desired shapes, is held on the
end of a bent rod, all parta that immerse in
the glue being so shaped as to drain freely and
not to splash when entering the glue, A collar
on the rod serves as a stop to ensble quick
resetting after ita removal for cleaning, whereas
the linkage holding the applicator permits
ndjustment over a wide range of positions.
The glue pot can be removed freely and usually
requires no securing device other than means to
prevent it from shifting.

In designing these mechanisms, the device
must allow only & minimum of variation in the
consistency of the glue at the point of applica-
tion. Therefore the glue pot must be amply
large so that evaporation of the solvent will
affect the glue consistency but slightly. Ewven
in transferring the glue, it should be exposed as
little as poesible to the atmosphere. In the
device shown here, its directness of application
and the simplicity of the parta in contact with
the glue give it & high rating for continuous
good performance.

GLUE-APPLYING MECHANISMS

AL ETEETEETEEEEEES

NN

Fia. 430.—Exumple of an indirect type of
gluing mechanism, similar in design to the
direct type except for the addition of the trans-
fer member. This makes it possible to apply
glue to top surfaces and also to control in a
certain measure the thickness of the layer of
glue applied. This mechanism is also of the
type that applies strips or dots rather than
films. In all these designs, simplicity is of
greatest importance in order that the device
will he easy to keep clean, lubricated, and
adjusted.

With reference to all types of gluing mecha-
nisms, the practice of exposing the glue to the
atmogphere after it has been applied and before
the closing or uniting operation, in order to
partly evaporate the solvent and thus make the
glue more tacky, must be avoided. Buch a
practice usually is n serious source of trouhles
as many variable factors such as time, tem-
perature, and atmospheric conditions enter in
and will seriously affect the efficioney of the
machine unless compensation can be made for
the variation in these factors and the time
element can be maintained constant by uninter-
rupted operation of the machine.
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F16. 440.—Film applicators are used much more extensively than those applying dabs, because they permit the
application of & uniform film of glue of any selected thickness. A direct-acting type of this class of device is shown
here. The material receiving the application runs in contact with the wheel that dips in the glue, the application
being made to the under surface. Best results are obtained when the wheel runs at the same surface speed as the
material passing overit. In this elass of glue applicators, greatest attention must be given to the design of the trimmer
blade. This blsde must be adjustable, but it should be so constructed that in making the adjustment the blade will
keep its proper relation to the wheel,

Fio. 441.—In the indirect types of film applicator, a Fra. 442 —In this design of direct applicator,
tranafer wheel receives glue from the main wheel and transfers the film of glue is applied to the upper surface
it to the point of application. The clearance between the of the sheet. To keep the exact relation
tranafer wheel and the main wheel is usually made adjustable. between the trimmer blade and wheel, there
On machines that must be stopped frequently, the drive to the must be & complete elimination of lost motion.
glue wheels should be independent of the drive for the main Hamunufurlm.‘km;thﬁl.nmmuhlﬂlem

machine so that the glue wheels can be kept revolving when position is provided, it should be so
the machine is stopped, thus preventing the glue from drying that the act of locking will not disturb the set-
on the surface of the wheels. ting. It should also be possible to remove the

parts for cleaning without disturbing the set-
ting. The drive of the glue wheel should be

positive to ensure the proper speed. A belt
drive is not to be recommended.

Fio. 443.—A type of trimming mechanism thltkmmhhmhuhubmmtmgmuhmumdmmmg
machines. This type ia easily cleaned and adjusted. When the rollers are long, consideration should be given to the
deflection in the center of the rollers due to the pressure exerted in squeesing out glue, This deflection will result in
a thicker film of glue in the center of the rollers than at the ends. This is usually compensated for by making the
glue roller larger in diameter in the center than at the ends. The device has no trimmer blade, but thickness of glue
film is regulated by adjusting the gap between the rollers.
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SIGNIFICANCE OF WR*

In Drives for Machinery

Any moving body has stored in it kinetic energy, the magnitude of which is pro-
portional to the mass of the body and to the square of its velocity. Whenever the
speed of a body is changed, the amount of kinetic energy is increased, and the increase
in energy must be supplied from a source within the system. If the speed is decreased,
the kinetic energy of the body is decreased, and the energy lost must be absorbed by
some other part of the system.

In a body of mass M moving with a linear velocity V ft. per sec., the kinetic

energy E in tbnt»pounds is
1 1 (W ) g
P 7 5 B (_ V (35)

where W is the weight of the body, in Ib., and g is the acceleration of gravity, in ft.
per sec. per sec.

In a body rotating at N r.p.m., the kinetic energy of the mass as actually dis-
tributed is the same as an equivalent mass concentrated at a point distant from the
axis of rotation equal to the radius of gyration R of the body, the equivalent mass hav-
ing the same speed of rotation N. The kinetic energy E in foot-pounds then becomes

WRAN?
5,873

Note that the term WR? is a physical term applying to a specific body; the term
involves the weight W of the body and a radius of gyration R which is determined by
the shape and dimensions of the body. The kinetic energy stored in a rotating body,
therefore, is proportional to its WR* and to the square of N, its rotational speed.

Since Eq. (36) represents the kinetic energy stored in the body after speed N is
attained, this equation also represents the energy that must be supplied from some
source, to accelerate the body from rest to N r.p.m. In mechanical-drive problems,
however, energy as such is of little interest; the major concern deals with the torque
required to produce the acceleration. It can be easily demonstrated that the torque
T in pound-feet required to accelerate a body from rest to a speed of N r.p.m. in ¢
sec. is

E = (36)

_ WRN
3081

From Eq. (37), it is obvious that the term WR? is also an important factor in
determining the torque required to produce a given acceleration.
By making use of the familiar equation

np - e XN (38)

and Eq. (37), it is simple to determine the horsepower H' required to accelerate uni-

T (37)
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formly the body from rest to a speed N r.p.m. in ¢ sec., by using an average speed N /2

H= 5350 (39a)
__ _WR:N*  WR'N? nol
© 10,500 X 308t 3234 X 10° X ¢ (390)

In mechanical systems with a number of rotating parts, the energy E, stored in
the moving system is the sum of the energies stored in each part, or

E, = W.R*N*, + W,R*,N?* + WiR'N* + - - - + W.R.N2,
’ 5,873

In.power-drive and motor-application problems, it is advantageous to express
the energy E, in the system in terms of an ‘“equivalent WR?,” which will be designated
here as W,R?,, at the drive or motor shaft having a speed of N, such that

W,k N%,
5,873
By combining Eqs. (40) and (41), it will be seen that
W, = Wikn (V) + Wk, (F) +warn () +- - +ware (¥e) a2)

(40)

E, = (41)

The torque T, necessary to accelerate uniformly a system at rest to a required
speed in ¢ sec. can be obtained by substituting W.R?, for WR?, and N, for N in Eq. (37),
which then becomes
W.R*Na

308t

The horsepower H, required to accelerate the system from the drive shaft at rest
to a speed of N4 r.p.m. in ¢ sec. can be determined by substituting W,R2,N2, for WRN*
in Eq. (89), which then becomes

H, =

T|=

(43)

W.R*.N?,
3,234 X 10° X t

or from Eq. (39a) by substituting N, for N, and for T' the value of T, as given by Eq.
(43) which then becomes

— WlR’lNd X N!l — W.R,Nid
o 308t 5250 X 2 3234 X 10° X ¢

Sometimes complex systems are encountered involving both linear and rotating
motion. The equivalent WR* of the linearly moving parts can also be reduced to
the motor-ghaft speed by the equation

(44)

H,

(45)

i V )*
i F - ————
Equivalent WR w (ZrN.; (46)
where W = weight of the body V = velocity, in feet per min

Ng = r.p.m. of the drive or motor shaft
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This equation can be used only where the linear speed bears a continuous fixed
relation to the rotating speed, as a rack driven by a gear. A more complex equation
is necessary for systems involving reciprocating linear motion obtained by a crank
arm.
By this method, it is possible to reduce the WR? of the individual parts of a com-
plex system to an equivalent WER?* at the drive or motor shaft speed. These values of
equivalent WR* may be added directly, and the total equivalent WR? plus the WR? of
the driving unit or the motor represents the WR? of the complete system which the
motor must accelerate or decelerate. All further calculations may be made as though
the system were a simple one of one element of WR? equal to the total equivalent WR2.

To simplify the calculation of the radius of gyration of various mechanieal strue-
tures, see the tables on pages 17 and 19 to 25.
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ANALYSIS OF MOTOR LOAD FOR TORQUE REQUIREMENTS
Starting Torque and Time Required to Start the Machine
Condition at starting

Ryrs= Starfing,
af
wpf‘ m:grar
P fbs.
Rs | Py =({Aoldiin
ag};mmgchl(liuﬁt%’%

m .ﬂ'an‘ mm:& Rgrs must be greader fhan Py
being available for acceleraling
Mc mdune

To start a machine, the motor torque must overcome all frictional resistances of
bearings, sliding parts, and transmission elements, and also the resistance of any con-
nected load. Where the load is not imposed until the machine has come up to working
speed, the load resistance is zero. However, machines such as compressors, piston
pumps, and hoists without unloading devices may be required to start under full load.
With machines of these types, the resistance should be determined for the point of
maximum starting torque in the machine cycle.

The motor torque delivered in excess of that required to overcome running fric-
tion at start plus starting load on the machine is used in bringing the machine up

to speed.
Accelerating Torque and Time Required to Bring Machine Up to Speed

Condition when A e
accelerating acceler
e per
fo - see.
frrchonal forces S Radl of Hion
i Ta " of . parls
Axisof 4| Equivalentmass of ro-
v mofor fuﬁm d'riven mach. parls
-r argue fo accel-
R . '—'—iﬁ"cmﬁe load an
machine
Rara 'Awehwﬁn% torgue delivered by mafor
To occelerafe mach. Rary must be greater than

a@e&rnrrc wm cr‘ m‘éwdrwms resisting

The amount of torque needed to accelerate the machine and the rate at which it
should be delivered by the motor will depend upon the moments of inertia of the
masses contained in the moving parts and their radii of gyration about or with refer-
ence to the motor axis. Flywheel members added to make the load on the motor
uniform increase the WR? of the machine and, consequently, increase the accelerating
torque which must be delivered by the motor. (For a discussion of these factors, see
page 208.) Other factors that determine the torque needed are loads on machine
that must be accelerated before full speed is attained. The time allowed for acceler-
ation is an important factor in determining the heat developed in the motor windings.
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Running Torque over Time Interval Required by Local Cycles on Machine
Condition when running

Axis of motor shaft , Mg
ot Y
i ¥ I af load
g e
Runnii ’J‘m fornole
ReN up for Frictionel ond -
ki ~ h;rrn!mnc.& losses

Rere= Runrrrng torque of moter
To keep mach. running Rp rp must be greater
than algebraic sum of combined resisti isting

Ry vy Gmoter pull-out toeque 2 "2

When operating at rated speed, the torque supplied by the motor is that required
to do useful work and to make up for frictional and inherent machine losses.

In caleulating the running torque required to keep the machine operating, it is
desirable to add something on the safe side to take care of unexpected loads and ecircuit
variations. It is poor practice to plan to use the excess torque that a motor can deliver
over its nominal rating, because such overloads cause a rise in winding temperature
with consequent depreciation in insulation properties and shortening of motor life.

Work Load Applied After Motor Is Running

To'rque
) E'

"IN N T N I O
Tirme

With a disengaged clutch or unloading device between motor and machine, the
conditions at starting favor the motor since it is then free to start and to come up to
speed against little resistance.

When clutch is engaged, the machine load imposed on the running motor may be
applied almost instantaneously if the clutch is of the jaw or the magnetic types, or
the load may be applied to the running motor gradually over a short time range if the
clutch is of the frictional or the spring-separated plate type that permits slipping.

However, the ability of the running motor to start and accelerate the driven
machine when the clutch is engaged is limited by the torque-value at which the motor
will stall, usually called the break-down or pull-out torque.

If applying the machine load slows the motor, an accelerating torque will be
required of the motor to bring the machine up to the desired speed. Thereafter, the
machine load will determine the running torque required of motor.
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Work Load Applied as Motor Speed Increases

L . 3
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Torque
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When the motor is directly connected to the driven machine, and the nature of the machine load
is such that it increases as the machine speed increases from no load at rest to full load at full speed,
as in fans, blowers, and centrifugal pumps, the motor is required to deliver an accelerating torque
that can accelerate the increasing load plus the torque required to accelerate the revolving masses,

At the instant of starting, the inertia and holding torque of the machine may be small enough to
be negligible. However, this fact should not be taken for granted, since dry bearings, cold lubricants,
deflected shafting, and sprung parts are factors that may set up considerable resistance to starting.

After the machine has begun revolving, at any instant the rate at which the machine accelerates
will depend upon the relation between the motor accelerating-torque versus the WR? of the moving
machine parts, plus frictional resistance, plus the load that is on the machine at that instant.

The running torque required of the motor after coming up to speed is mainly determined by the
useful work done and the efficiency of the machine.

Work Load Applied on the Motor When Starting

-

[
E

B =

With the motor connected directly to & machine upon which a heavy work load must be encount-
ered at instant of starting, such as in compressors and piston pumps without unloading devices, lifts,
and hoists, the torque required to start and to accelerate may be many times greater than that needed
to keep the machine in motion after the desired running speed has been reached.

Especially is this so when the mass of the machine parts is large and their radii of gyration is
great. The motor may be able to deliver enough starting torque to turn the loaded machine over
slowly, but if the motor is not capable of delivering sufficient accelerating torque to bring the machine
and load up to speed in a short time, heating will probably oceur.

When the motor has to start and stop frequently under full load, the length of time of motor
operation as compared with the idle time in the work or duty cycle is an important consideration that
governs the generation and dissipation of heat,

Torque
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SELECTION OF MOTOR TYPE

Following the analysis of torque requirements and duty cycle of the driven
machine, the next step in the selection of the motor is a matching of the torque charac-
teristics of the load with torques that the various types of motors can be expected to
deliver when starting, accelerating, and running.

The torques that motors can deliver are dependent upon the type of windings and
the scheme of connections employed in the particular motor; the nature, uniformity,
and magnitude of the voltage at the motor terminals; the capacity of the feed lines;
and the physical conditions surrounding the motor.

Motors are designed primarily to deliver torque at specified speeds at definite
voltages. Electrical current is supplied commercially as either a direct, 1.., unidirec-
tional potential, or as an alternating potential in which the voltage alternates in
direction at definite frequencies or cycles per second. When the electrical service is
alternating, a motor must be selected not only to suit the magnitude of the voltage
as with direct current, but also to suit the frequency and the number of phases of
current.

Although the frequency of alternating current as furnished by power companies
is so nearly constant that variations in frequencies can be considered negligible the
same is not true of voltage. Voltages do vary considerably especially at the end of a
transmission line,

Variations in voltage are very important considerations in motor performance
because the effective torque output of any motor will vary as the square of the change
in applied voltage. Therefore, line voltages at the motor terminals should be known,
and if a variation from rated motor voltage does exist the rated torque should be
interpolated accordingly.

Feed-line capacity shoulld be large enough to take care of the high inrush of cur-
rent at starting without reducing the voltage and thus lowering the effective starting
torque. The motor even though starting under subnormal voltage may be able to
break the static load but have difficulty in accelerating the load up to speed; thus
the accelerating time is lengthened, with attendant high current, which tends to
cook the windings and in some types of motors to blow the condenser or burn the
commutator.

Effect of Physical Conditions.—Extreme heat surrounding the motor, i.e., high
ambient temperatures, increases the operating temperature of the active iron and
copper in the motor and thus limits the power output of the motor. Insulation will
be affected and the life of the motor reduced if the temperature of the motor windings
rises beyond safe limits.

Extreme cold around the motor and driven machine may cause the lubricating
mediums to stiffen or harden. Stiff oil in the bearings, pistons, and packings of a
machine will cause hard starting.

Extreme dampness, moisture, or corrosive acid fumes reduces the effectiveness of
the insulation resulting in current leakage or actual puncture of the insulation.
Special insulations are available for abnormal conditions.
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Dirt, either falling or suspended in the atmosphere, and dripping water should
not get into the motor: if these elements are present, an inclosed type of motor should
be used.

DIRECT-CURRENT MOTORS

l VU0
Slaarr:i' wo und, @ g Cafaj::ound wound, (@)

Fio. 444.—Wiring disgrams of typical winding schemes employed in direet-current series, shunt and compound
motors.

In direct-current motors both the field and armature are excited directly from
the power supply. A commutator and brushes are used to continuously commutate
the armature currents to produce a rotating magnetic pull on the armature. The
same electrical and magnetic reaction that is used to start the direct-current motor is
also used for the running operation after the motor is brought up to speed.

The starting torque that direet-current motors can deliver is high, ranging as.
much as six and one-half times the full load torque. This type of motor will pull up
or accelerate any load it can start.

When the driven machine is required to start frequently under heavy load, and
it is not objectionable to have the operating speed vary inversely with the load,
series motors can be used. The speed of a series motor will be eonstant only when the
load is constant.

For operating conditions in which constant speed is desired with fluctuating
loads and starting is not frequent, either shunt motors or compound motors can be
considered. A shunt motor with field resistance control will give speed adjustments
over a wide range. Compound motors can deliver higher starting torques than
shunt motors, and if the high torque is needed only at starting the motor series field
may be cut out after the driven machine is up to speed.

ALTERNATING-CURRENT MOTORS

In alternating-current motors a magnetic field is produced electrically which
revolves at a speed equal to the frequency multiplied by 60 divided by the number
of poles. The magnetic field as it rotates cuts and induces a current in the conductors
of the short-circuited secondary winding. The secondary current in turn establishes
secondary magnetic fields within the primary field and torque is thus produced. With
rotor at standstill, i.e., with a slip of 100 per cent, the maximum e.m.f. is induced in
the secondary. Induetion motors do not ever reach full synchronous speed because
if there is no slip no secondary current is induced.

Maximum pull-up or accelerating torques that alternating-current motors, except
the squirrel-cage type, can dévelop range from two to two and one-half times their full
load torque.

Straight single-phase squirrel-cage type induction motors are not self-starting,
and a supplementary means must be provided to give the motor the rotating effect
required ; however, the single-phase induction motor will run and provide torque after
it is brought up to speed.
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Repulsion-start induction-run motors develop a continuous rotating effect on
the rotor because of induced currents in the rotor made continuously effective by
commutation to produce torque during the starting period.

Repulsion-start induction-run motors have high starting and accelerating torques
and when running as a single-phase induction motor with squirrel-cage rotor, or
its equivalent, are very efficient. These motors at starting are repulsion motors,
but on reaching a predetermined speed expanding governor weights push a device
under the commutator which short circuits the commutator bars through a common
ring; the same movement releases tension on the brushes with the result that the
armature is short-circuited and is the equivalent of a squirrel-cage rotor in a poly-

&

&

Fia. 445.—Wiring diagrams of winding schemes and starting devices used in typical alternating-current fractional
horsepower motors.

phase induction motor. When the motor stops, the governor and mechanism return
automatically to their original starting positions.

Repulsion-start induction-run type motors are suited for loads requiring high
starting and accelerating torques. Repulsion-start induction-run type motors are
furnished only for single speed applications.

The split-phase start induction motor develops its magnetic rotating effect by
splitting the magnetic field of the stator winding into two separate windings displaced
in space and having different electrical characteristics. One winding is a starting or
phase winding, and the other is the main or running winding. When the motor starts,
both windings are on the line. After accelerating up to a predetermined speed, a
governor attached to the rotor acts to open a switch and cuts out the starting winding.
The motor then continues to operate on the running winding as a single-phase induc-
tion motor.

Split-phase motors can be designed with high starting torque but only by using
relatively high starting current. They are purposely designed with low starting
torque so that the current and consequently the heating in the starting winding will
be limited.

Equipment driven with split-phase motors should be easy to start. The inertia
of the load should be small so that the motor can accelerate rapidly to avoid “ cook-
ing” the starting winding. Feed wires should have capacity great enough to carry
the high starting current without reducing the voltage at the motor terminals with
consequent reduection of the motor torque.

www.EngineeringBooksPdf.com



DRIVES AND CONTROLS 217

Capacitor motors are basically split-phase motors using split magnetic fields in
starting. Improved starting characteristics are obtained by using a capacitor or
condenser in connection with the starting winding. The electrical effect of the con-
denser increases the angle of the magnetic action to about 90 deg. between the two
windings, approaching a true two-phase effect.

Capacitor-start and induetion-run motors employ & centrifugal governor switch
which cuts out both the starting winding and the condenser at a predetermined speed
after which the motor operates as a straight single-phase squirrel-cage induction-
type motor.

Capacitor-start induection-run motors will deliver starting torques that are
approximately three and one-half to four and one-half times their full load torque
with locked rotor currents approximately one and three-fourth times repulsion-start
induction-run motor currents. Their operating characteristics when running are
very similar to those of the repulsion start induction run type of motors.

Capacitor-start capacitor-run motors use a capacitor and also a transformer.
The transformer acts to impress a high voltage on the capacitor for starting. Start-
ing torque is three and one-half to four and one-half times full load torque, and start-
ing current is of the same relative order as the capacitor-start induction-run type of
motor.

Capacitor motors can be obtained for both single- and multispeed applications.

Fractional horsepower squirrel-cage induction polyphase motors have a field
made up of polyphase windings and a squirrel-cage rotor made up of conductor bars.
The starting torque is about two and one-half to three times the full load torque.

Squirrel-cage induction motors like direct-current motors will usually pull up
any load they can start, i.e., the maximum pull-up torque is about equal to the starting
torque, and the rating of the motor should be selected to suit the greater torque as
required by the load.
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INQUIRY FORM FOR ELECTRIC MOTORS
1. Name of machine to bedriven_________ (d) What is the inertia of the load including

2. Field of use couplings, pulleys, gear drives, or fly-
3. Estimated quantity, initial order___________ wheel?
first year_ (€) Speed of driven element________r.p.m.
4, Power supply: (f) Drive: direct_____ gear ____ belt
(a) Direct current__________volts , chain Type of coupling
(b) Alternating ocurrent __ volts, if direct drive
__phase, eycles 8. Space available for motor:
(¢) Universal motor—_________volts (a) Restricted to & maximum diameter of
{d) Will power supply vary? —_ in.
5. Motor speed and direction of rotation: (b) Restricted to a maximum length of
(a) Full-load running speed____r.p.m. —_—l
(b) Allowable variation + per cent of 9., Motor mounting:
full-load speed (a) Vertical ___ horizontal |
(¢) Direction of rotation, from end opposite oblique__
shaft extension, clockwise________, (b) Foot mounting at end_____ below
counter clockwise___ | reversible , above. flange mount-

i—— ing Special (show by sketch)
(d) Is a multispeed motor required? Give (¢) Resilient mounting
speeds . . (d) Is mounting position of the motor
(e) Adjustable speed motor, speed range changeable?
ta 10. Motor housing:
6. Running load requirements and conditions. (2) Motor exposure: outdoor__________ in-
Load determined by test_______ ob- door
tained from present practice_________ or (b) Within machine or housing, partly in-
estimated__________ (For multispeed motor closed ___ totallyinclosed_______
give following data for each speed): (Give dimensioned sketch of housing and
(a) Continuous load _________hp. show ventilation provisions)
(b) Intermittent load_______ hp. 11. Condition of ventilating air:
(1) length of time atfullload (a) Presence of dust , grit.
min, moisture____, steam_____ corrosive
(2) idlerunning______ min., time at gases______ oil vapor______, explosive
rest______ min. gas_ salt air______ other con-
(3) maximum momentary torque______ tamination____
Ib.___in. (b) Maximum temperature of cooling air
(¢) Fluctusting load F

(1) magnitude of overloads________hp. 12. Bearings and lubrication:

(2) duration of overloads_________min, (a) Manufacturer's standard
(3) frequency of occurrence______ (b) Motor to be lubricated at intervals of
(d) Reversing service e =
(1) reversals permin._____ () End play restricted______; thrust loads
(2) time intervalson________ min., off present_____
— min (d) Type of bearing preferred
(3) inertia of load (1) Bleeve: lubricated by oil ring |
7. Btarting load: waste______
{a) Torque, starting___________, accelerating (2) Ball: lubricated by oil____, or
— grease_______
(b) Is motor started under load?_____, or 13. Bhaft extension: single______ or both ends
without load? ; if vertical, up. or down

{¢) Type of unloading device_ — ;straight  ortapered
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(a) Diameter__ in., length in

(b) Pulley fastened by setscrew. .
key____

(¢) Keyway dimensions:standard _____, or
special, width in. depth in.
length______in.

(d) Can the design be made for standard
shaft dimensions?

14. Weight limitations if any.
15. Electrical control:
(@) Hand | automatic_____, re-
mote . _

16.

17.

219

(b) Motor protected against overload |
under voltage

(¢) Is limit switch used ______

(d) Are brakes used ____

Electrical leads:

(a) Manufacturer’s standard____

(b) Special leads: number___ length

(¢) Attachment cord: length_________ plug

Give special requirements such as special
insurance regulations, dynamieally balanced
rotor, quietness of operation, ete.
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WINDING CONNECTION DIAGRAMS FOR MULTISPEED MOTORS
MULTISPEED MOTORS, CONSTANT HORSEPOWER, KEY DIAGRAMS

1 T
Ts T 13 T,
T o
Bingle winding, two speed Bingle winding, two speed
N.E.M.A. MG. 841, Fig. 8, 1880 AB.A, C-8 3.720, 1038
Speed L.lr.. L:‘ Speed L | s | £
Low..............] Te| Ts| T4 | Ty Ty Tatogether Low....ooivivanas| T | T | T Ty, T4, T together
High..............| | T2 | T3 | Ts Ty Toopen High.............| Ta | T | Ta | Ty, Ty, Taopen
T T . %
- : /§\ jﬁ /k
T T
’ s T ' T Ts Ti
% " R "
Two winding, three speed Two winding, three speed
N.E.M.A, MG. 6-41, Fig. 8, 1930 AB.A. C-63.720, 1038
Bp*d L¢ L] f.rl Speed Lg L- L]
low*. ......| T | T% T Ty, Ty, Ty Tt together Low®* .. .. .. ™ Ty Ty | Ty Ts T Ty rtogether
Becondt.....| Tu| Tia| T Secondt. .. .. Tu| Tu |[Tu
Elﬂh' cenes Ty fl“: rl. Ty H’Eh' ------- Ty Tl, Ty | Ty
Terminals not listed muat be lelt open, Terminals not listed must be laft open.
* Low speed half of high speed. * Low spoed hall of high speed.
t Becond speod batwesn low and high. 1 Becand speed between low and high.
n T Ta Tia
ﬁ . i
h T Ts Tis
R Ta Ts Tie
T Te Tn m R T T
Two winding, four speed Two winding, four speed
N.E.M.A. MG. 841, Fig. 8, 1930 A8.A. C-6 3.720, 1938
Speed | Ly | La Ly Together Speed | Ly Ly Ly
Low..... T | T T Ty Ty Ty, Ty Low..... T Ty Ty | T, Ts, Ts, Th together
Becond ..| T | Tus T Ty Tagy Tone Tir Becond . .| Ty Ty T | Tigy Tiny Tosy T11 together
Third . . .. T| T; Ta Tf Nﬂﬂﬂ Third. ... T.l. Th T:l T.
Hj‘h. e Tul Ta Tll. Ty | None H—iﬂh ves] Tha Tlh Tis| Tia

Terminals not listed must be left open. Terminals not listed must be lelt open,
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TWO WINDING, THREE SPEED, THREE PHASE, CONSTANT HORSEPOWER

N.E.M.A. Bul. 110, p, 612, 1928 AB.A, C62.725, 1038
T T
L T T Tis
Bpeed Ly | L Ly | Connect together Speed Li | Ls L Connent together
LW s a0 vcw s omiw i Ty | Tw| Tw |None Low. ..ccovaaess| To | Ts T, None
Becond®.......... [T | Ts T T, Ty Ty Th Second®....... .. Tu| T T Tty Tisy Tiwy Tia
Hi;h' ............ T| T: ?‘.. T'r None Hi‘h.. e Tu T" Tu, T“ None
* Booond speed hall the high speed. Terminals not listed must be lelt open.
* Sscond apeed hall the high speed.
TWO WINDING, THREE SPEED, THREE PHASE, CONSTANT TORQUE
N.E.M.A. Bul. 110, p. 812, 1926 AB.A C-63.725 1038
T
T
!f'{\ %
g& ‘/i\ L] Ts Ta Tis
Ly Ly (}Umﬂtw Bpﬂ Ly Iq Lll
Low............. Tu Tn T:; NI:I'I!IB 1 5 (RS np) TI TI T: None
Becond®.......... T| Tg T., T: Nnnu Second®......... Tu Tu Tu, 'I"" None
High*...........| T« | s K Ty Tay T, T High*........... Tw| T T Tvie Thay Taay Tax
* Second apeed hall the high speed. Terminala not listed must be left open,
* Bacond spesd hall the high speed.

TWO WINDING, TWO SPEED, THREE PHASE, CONSTANT TORQUE,
VARIABLE TORQUE, CONSTANT HORSEPOWER

N.EM.A. MG. 6-41, Fig. 3, 1930 AB.A. (-6 3.725, 1038
ff'{‘\ ] /l\
V}N\ v"'é'"\t. T
L; L: | Hpau‘l L| L:,
LOW..oconssnnnsnes T; T; T;l Tlh Ty Tia open | . T | T | T Tu, Tu, Tu open
High...............| Tiu| Tu| Tu| T, Ty Tiopen High..........ooo oo/ Twi| T | Tia| T, Tay T, open

TWO WINDING, TWO SPEED, TWO PHASE, CONSTANT TORQUE, VARIABLE TORQUE,
CONSTANT HORSEPOWER
N.E.M.A. MG. 6-41, Fig. 6, 1930 AB.A. C-6 3.730, 1938

+ 44

Speed In'Ll L | Ly Speed Ly LlILl

Low....... T,
High......| T

Ty | Ty | Ty
Tll Tll TII

Ty, Tiay Toay Thu open Low.......|T: | Ts
Tl. T;. T:. Tl open H‘sh ...... Tli TII

Ta
Tis

Ty Tisy Tia Tha open
Th Tl- Tl. Tc open

Tu
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MULTISPEED MOTORS, CONSTANT TORQUE, EEY DIAGRAMS

T4

Ts Ts

Ts

Bingle winding, two speed

Single winding, two speed
N.E.M.A. MG 6-41, Fig. 7, 1030 AB.A, C-63.720, 1938
Speed l Ly | Ly | La
low. . vevveree Ty | To| Ta | To Tiy Taopen
High.............. Te| Ta| Ta | Ty, Ty T together High.. . .. ... .. Te| s | Te | Ty, Ty T, together
Ta Ta Ta Ty
: T' T:, ; /i\
% A A Ts Ty T Tg 4 T Ts T
Two winding, three speed Two winding, three speed
N.E.M.A. MG 641, Fig. 7, 1930 AB.A. C-63.720, 1938
Speed | Ly | La| La Bpeed | Ly | Ls| La
t.ﬂ" ....... T| Ta Th T‘r Lﬂﬂf'- A T. Tl T;. Tr
Secondt.....| Tu| Tua| T Becondt.....|Tu| Tu| Tu
H‘iﬂh'. i AT | T T Ty, Ts Ty, Ts together Hlﬂh. ....... T | Ts T T Te T, T together
Terminals not listed must be left open. Terminals not listed must be left open.
* Low apeed half of high speed.

t Becond speed between low and high.

* Low apoed balf of high apeed.
1 Becood mpoed between low and high

Ta
T
T T. T
s LT s T Ts Ta s
Two winding, four speed Two winding, four speed
N.E.M.A. MG 6-41, Fig. 7, 1830 ABA. C-83.720, 1938
Bpeed | L, | Ly | La Together Speed [ Iy ‘ Ly | Ly |
low.... [T | Ty Ts, Ty | None Low....|T) | Ty Ty T
Second .| Ty | Tia| Tisy Tir | None 8econd .| Ty | Tha| Ty Tix
Thid...|Te [Ts | To |T0uTauTyT: Third...| Ty [Ty | Ts [Ty Ty Ty T together
High...] T | T T Ty Tiay Tise Tix High...| Thw| T T T, Tiay Tray Thr together

Terminale not listed must be lelt open.

Terminals not listed must be left open.
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MULTISPEED MOTORS, VARIABLE TORQUE, KEY DIAGRAMS

T Ty
L
% e,
T‘ FI Tl- T} T: Tﬂ
Single winding, two speed Bingle winding, two speed
N.E.M.A. MG 6-41, Fig. 4, 1930 AB.A. C-63.720, 1038
Speed Li|Ls | Ls Speed Li | Ls | Ls
Eaow o e sia s Ti| Ta| Ts Tq. T;. T open B svwaaaes T T; ?'. TQ. T‘. T; open
High.....ccovviine Te| Tw| Ta| Ty, Ty, Tatogether High..............| T«| Tu| Te | Ty Ty, Ty together
Ta T Tii
T! T

T’ Te Ts Tz '[. T Tﬂ

Two winding, thres speed
N.E.M.A. MG 6-41, Fig. 4, 1830

Two winding, three speed
AB.A. C-8 3.720, 1938

Speed Ly | Ly | Ln Speed Ly | Ly | Ly
Eowtsvivsssa] T3 | Fo | ¥a LOW®. o0ooerinn T |Ts
Bm':nrlf ......... Tu T:.. T" Boonnﬂt Tu T.. Tu
High®.....ciiva. To | T | To | Ty Ty Ts together High*. . ...........|T¢ [Ty | Ta | Ty, Ts T together
Terminals not listed muat be left open. Terminals not lsted musi he lelt open.
* Low speed hall of high speed. * Low speed half of high speed,
+ Becond apeed between low and high. 1 Second speed between low and high.
Tl Tl-‘
T
T Tn T
% % Ts “w M 15 T, L Ts
Two winding, four speed Two winding, four speed
N.E.M.A. MG 6-41, Fig. 4 1930 AB.A. C-53.720, 1938
Speeid Ly | Ly | La Together Speed Li | La | La
LEW . i asciiivia] i .'f', fl| None Low,.....co.... Ty Ty | T
Second.......... 0 Tu| T T None Becond.......... Tu| Tl Tu
ThiM. ...connvns T T | T | Ty Ty Ty Thrd. .ovvnnnsnn Te |Tw | T TI- Tn. Ty mﬂlﬂ'
High............ Tial Tis| Taa| Tty Tine Tia High............| Tu Tis| Tis| Tire Tine Tia together

Terminals not listed must be left open.

Terminals not listed must be lelt open.
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ELECTRIC CONTROL METHODS

Fio. 446, —Constant tension with constant peripheral speed is required in this wire-reel
application. The application ean be used on wire-drawing machines, insulating machines, or
any other reeling operation. As the reeling diameter increases, the reel speed decreases, and at
the same time the reeling torque is increased. The required constant horsepower characteristic
is obtained acourately with a direct-current motor and a regulator type of eontrol on shunt
field. An alternating-current wound rotor motor with secondary resistance control approxi-
mates ideal conditions.

Rp.m. of Wheel
]

1 A L L L
Armature Wheel Diameter

Fio. 447.—For sutomatically limiting the peripheral speed of & grinding wheel, the truing
diamond is mechanically interlocked with the wheel motor field rheostat. The wheel r.p.m.
is increased as the wheel diameter decreases,
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LilaLy
Tk (T
4 nl
\
Copsfan
:

Fi1o. 448.—A wire-insulating machine requires a constant speed ratio between capstan motor

and flyer for starting and running, The capstan motor drives a frequency changer or transmitter

y connected to the synchronous motor of the fiyer. The speed ratio between flyer and
capstan is constant at all times,

Max. constont lood

Lood on cutfer

Position of work

—= Blofen .
Position of plater R R A Y
Fra. 449, Fra. 450,

Fio. 449.—For high-speed cutting on a metal planer, the tool enters the work at a slow gpeed to prevent tool
breakage, cutting speed is then inereased, and near the end of the cut the cutting speed is reduced fo prevent breaking
out at edge of work, This speed control is accomplished by limit switches which put full field on the motor before the
tool leaves work. After the return stroke, delayed acceleration keeps full field on motor until tool enters work; then
the fast cutting speed is resumed.

F1a, 450,—To keep load constant on the cutter and spindle of a milling machine for maximum production, a relay
controlled by the armature cireuit of the direct-current spindle motor regulates the field of direet-current feed motor.
This automsatically controls the feed within limits o maintain 8 maximum constant load on the spindle motor.
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Limsit switches é ‘é
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“~Reversing limit switches """

Fio. 451.—When milling work having a gap between
machined surfaces, production is increased by rapid
traverse between machining positions. Jump feed
control is accomplished by means of adjustable limit
switches, multispeed motors, and suitable magnetic

controls.

HANDBOOK OF MECHANICAL DESIGN

I\

e

//////

Fia. 452.—Accurate positioning of reversing and stop
limits is necessary on tapping machines especially when
tapping blind holes. Bpecial alternating-current revers-
m;mwufurhpm;mmmtnmmyum
reversals per min. The use of two- or four-speed motors
reduces the number of gear changes required. Accurate
limit switches, quick-acting contactors, and high torque
motors are used. A plug stop is used for braking at the
“out" position.

t

~=JSlow speed

Fio. 453.—Accurate location of boring tools for indexing
requires extremely slow speed of work table to prevent over-
travel when stop limit is reached, A direct-current motor and
control is used; heavy armature series resistance and armature
parallel resistance provide for creep speads for final positioning.
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E=
o = Averoge
RMS= Root mean squere

y ]
i i Load!
1] 1 =
AL, g‘ ?‘“’ Ei Egv = 0450 Equy
t ¥

Fio, 454—8ingle-phase rectifier circuits generally used. (A) Hall-
wave rectifier circuit used in radio, also in industrial equipment such as
vibrating machinery or electric rasors, requiring reciprocating motion. (B)
Full-wave rectifier circuit used in radio work and magnetic chucks. (C)
Full-wave rectifier circuit used in industrial applications to obtain direet~

current from alternating-current source.

? toad
AC )
supply
R |

T T T o
Te——————————. T
AL = i3 ——
supply

(8)

Fia. 455 —0ther rectifier eireuits. (A ) Single-phase voltage-doubler rectifier
eircuit used in radio work to obtain higher than line voltage without trans{former.
(B) A three-phase full-wave rectifier circuit, one type of rectifier used to obtain
& large amount of direct-current power for power cireuit.
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Fushbutfon ~=L k *"Hﬂ:‘:ﬁ:ﬂ‘nﬂ

= 1

7 1 1 = 1 !
Ac é *
et

Fio. 456.—Illustrating the use of rectifiers in conjunction with magnetic control equipment on relays. Through
the ulne of & rectifier in conjunction with direct-current relay, multiple control ean be obtained over & single-control
eireuit

-

Fio. i&?—ﬂ:ﬁmthﬂuﬂdlpulﬂtm;dﬂﬂmtm:%ﬂtmgmﬂhm&. Inmutmnunnu,lreqmuyui
pulsations is important and on hammer shown 25-cycle alternating current is used with & single-wave rectifier.

Pump
control

L et [
A Joef

F1o. 458 —Large grinders use pumps driven by separate motors. Pump motor need not be in upultinn when
grinding wheel is not running, but it is sometimes desirable to allow wheel motor to coast to rest before shutting down
pump motor. This can be done electrically by means of time delay relay to permit pump motor to operate for pre-

determined time after wheel motor is shut down. For the starting sequence, an arrangement similar to that in Fig.
462 may he used.
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}
{

s | ey
= iﬂ “ L

i

ﬁ, - g}nﬁ switch operated

Fia. 459.—Motor-operated press with safety Fig. 460,—In a machine for polishing telescope mirrors, an
control requiring operator to use both hands elliptical motion of the polishing lap is sometimes required.
to start press, In starting, if either “close” Controls are arranged to reverse bridge motor at center of
button is released, the motor stops. To guard  trolley motion and to reverse trolley motor at center of bridge
against blocking in one close button, the con-
trol is wired so that both close buttons must be
fully released or press will not operate. Limit
switches are used.

g.
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TABLE FOR SEQUENCE I
OF OPERATIONS
| Press start button Pressure
2 Pump motor starter closes @ switch
3 Pressure switch closes
4 Spinclle motor starter closes
5 Press feed start button
6 Feed motor starter closes
7 Stop butlon stops all meters
Jpindle .
8 Feed stop stops feed motor ® :f.'mm- ol
@ ® | Iz, @ | =
@ O i"ﬁ"'f:n Feed
@ O stort
Purmp Pump
@ | mofer moter Foed Feed!
e ® | zx mator
l

Fia. 462.—Electrical interlocking or sequencing of motors for large milling machine ensures that coolant pump
motor is running and pressure obtained before spindle motor starts and that spindle motor is running before feed motor
can be started. A master “stop" button dominates all controls.

-..I

Lirnif swifch

Lirrit switch [ Thoad L
No.f —- =R =— Moz

{H'brm - floals m.wfﬁud:!uﬁ

Fia. 463.—Combination mechanical snd eleetrical torque or load limiting device for control of motor-operated
valves, chueks, and clamps, When load becomes sufficiently high to stall wormwheel, the worm aliding on s splined
ghaft moves axially, similarly to a screw threading through a nut. This movement compresses a calibrated torque
spring and opens a limit switch, thereby shutting off the motor.
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ELECTRICALLY OPERATED VALVES

?& Fower
£ lines
Contrel s Wil

—_— -
— 2T T
Supply
FiG. 484 —Btraight-way solenoid valve as com-
monly connected for simple fluid control. Control
switch energizes solemoid, opening walve, and per-
mitting flow to begin.

v
B
Exhaust
S A — M’
i
Supply Gl

First Condition
A-open, B-closed
Fia. 466.—Two straight-way valves, A normally

open and B normally closed, provide two-way fluid
control. izing the solenoids cuts off supply

and venta delivery through exhaust.

Fio. 468.—S8ingle straight-way valve can be con-
nected across one phase of motor winding to start

flow of cooling water to compressor whenever motor
starts.

Y
) [®) FPower
ey
Float ,
switch
Tonk "'b""?""
;w Tank fevel”

Fro. 465.—Straight-way valve applied to control
automatically liguid level. Float switch used as pilot

control deviee for valve.

Stearm 1
—
Fower] Processi
Timer m“
fines J =hide
1MHg COH|
| —
Wefer l
Oroin

Fio. 467.—Two straight-way valves offer means of
automatically controlling cyele of processing machine,
such as plastic molding press, having heating arnd
oooling coils.

Pilaf
chrowi?
Purmp
P Furnoce
Orf supply

Fia. 480.—Straight-way valve of trip type inter-
locked with oil-furnsce control system to cut off oil
uupplnrm loss of current to motor-driven pump or

to atomizing equipment, or upon occurrence of low
water, low stack temperature, or similar conditions.
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Pilot. 1 e
% et cireunt
—i Schous? = £ Erhoust
Supply Delivery Supply Delivery
First Condition Second Condition

F1c. 470.—S8ingle three-way solenoid valve cuts off supply and vents delivery through exhaust. Application similar
to that, shown in Fig. 466, using two straight-way valves.

; Pilot
1 gﬁfm b4 circwif
Exhoust fopdfobe L
— Down
s e W a]
Three-way L o
W &miﬁg_ o
First Condition Second Condition

Fio. 471.—Three-way valve provides convenient means of controlling single-acting cylinders or disphragms. By
utilizing principle shown in Fig. 470, valve cuts off supply and vents delivery through exhaust, thus permitting return
stroke of piston to take place.

First Condition Second Condition

Fia. 472 —Three-way valve arranged for multiple control of pressure-operated valves. In the first condition,
valve A is closed and valve B open. In the second condition, the reverse is true, with valve A open and valve B

closed
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Pilot. Prlot
circut a cirewd]
Supply Supply Mffﬁw
i Delivery No/
First Condition Second Condition

Fia. 473.—Three-way valve applied as convenient means of transferring one supply to either of two deliveries.

Prtat Prilo?
+ crrcuit . circuit

=" =

I cyﬁ.rmégg

el o =
i

— ] i ==
Supply i\ = Jupply
First Condition Second Condition

Fia. 474 —Four-way valve arranged to control double-acting cylinder. Upon energization of solenoid, operating rod
of cylinder reverses direction.

‘‘‘‘ Pressure-operafed valve *
First Condition Second Condition

Fio. 475.—Four-way valve arrangement, employing principle ahown in Fig. 474, provides automatic control of tank

level through pressure-operated valve

Filot
circut
Emergency,
supply Dol
MNormal
supply

Normal Condition
F16. 476.—Three-way valve, utilizing inversion of principle shown in Fig. 473, offers means of transferring either of two
supplies to a common delivery. Useful in applieations where an emergency supply is provided.
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AUTOMATIC TIMERS

‘Meogret F
Weigrhi-
Preof
~
N))
Weigh? -
{learonce Z
gop
| [e—
e
‘M.i‘l;w:d'
confocts
Fia. 477.—Dashpot principle. Simplest form consists of a Fio. 478.—Inertia mechanism.
piston or plunger operating in oil, mercury, or air. Adjustable Time delay is by virtue of the inertis
small orifices or bleeders provide time adjustment. A by-pass of two weights mounted on a pivoted
myhewuﬁdednmmendof?h&pmtﬂHIIme arm and the length of are to be trav-
action closing of the contact. Widely used because of its ersed before mechanical contact is
simplicity and low cost. When air is used, changing clearancen made. Tilted by gravity, this device
caused by dust, gumming of lubricant, and leakage affect the gives a relatively short interval and
timing. If oil is used, the temperature will change oil viscosity becomes clumsy for long time intervals.

and affect the timing. Also subject to error because of clear-
ance changes from wear.

F1o. 479.—Contactor works on back pressure from the main cylinder on the welder, pressure being sssured
between the welding points before the welding contactor closes. When the back pressure has built up to a predeter-
mined value, the plunger moves upward at a definite rate of speed and the hardened cam closes the main contacts.
After a predetermined time, the cam moves by the roller that it engages and the main contacts open. One adjustment
seta the back pressure at which the contactor plunger starts to move and therefore determines the lag in applying the
current after pressure has been applied. A second adjustment changes the needle valve opening to the contactor air
eylinder and thus times the upstroke, This determines the welding time. A third adjustment varies the time of the
downstroke and is of importance only when used with a repeater.
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Fra. 480.—Thermal relays. Inexpensive time delay
utilizing the effect of & heating coil around a bimetallic
strip. Least accurate device. Has a slow make and break
action. For longer time intervals, & copper block may. be
mounted to sheorb some of the heat; l.hnhrgerthahlnekuf
copper, the longer the time interval. Time intervals
ranging from 4 sec. to 5 to 10 min. are possible with this
device.

G

] ‘Maoke and breal
confocts

er _jockef or or!
:ﬁf circuited h.::ﬁ

VTG
L—

Fio. 481 —Magnetic time delay, used on direct
current only. Relatively inexpensive, effects
time delays up to 10 sec. by means of residual
magnetism. Magnet may be copper jacketed,
may have copper rings, or may have short-cir-
cuited turns around the magnet. Variation in
the amount of copper or in the resistance of ahort-
circuited turns will affect the time delay.

- Electro magnel

Fio. 482.—Magnetic-drag time delsy.
A small electromagnet is used, and the
motion of the relay plunger is made to
rovolve a metal disk in the feld of the mag-
net. The rotation of the disk is retarded by

io induction. Relisble devies, trou-
ble free, but relatively expenaive.
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Fio. 483.—Vacuum tube. Condenser charged or discharged through s resistor closes a relsy after definite time,
using direct current. When switch is open, the condenser discharges slowly through shunt resistor. This lowers the
negative potential on the grid, and at the eritical value the plate current will rise enough to operate the relay. Full
line voltage may be applied to the condenser to obtain longer time delay.
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Fig. 484.—In this cireuit, operation is maintained for a predetermined time after the starting impulse has stopped.
When the button has been pressed, the filament gets current in series with relay winding 1, and the relay pulls up,
locking in the circuit, The second contact charges the condenser negative, and no plate current flows. When button
is relensed, the relay stays closed until condenser discharges, Then the plate current flows through the second relay
::lndins in opposition to the first, releasing the armature,  Applicable to direct current or rectified alternating current

¥.
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Fra. 485.—In the Westinghouse electronic relay, there is no temperature error, reset is instantaneous, adjustment
is eansy, and first cost is low. When the switch is closed, the tube passes current. As the current increases, the increas-
ing I'R drop from the potentiometer causes a charging current through condenser. The IR drop across the resistor
because of this current applies the negative bias to the grid. Plate current cannot build up very rapidly, because the
faster it increases, the more negative the grid becomes, After a time period, adjustable through potentiometer, the
plate current will operate relsy. The time delay is proportional to the product of resistance and capacitance.
delays require large resistors, and short delays correapondingly small resistors. Maximum time delay with this device
is mbout 3 min. Ahbout 0.05 sec. is the minimum.
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TRIGGER SWITCH MOUNTINGS
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Fia. 486.—Trigger-operated ratchet-type single-pole switch, s design no longer in general use. An arrow
stamped on the end of the shaflt shows thro shﬂ!ainthomupiltatoindimtathnpmiﬁma[theuw‘itah. Bpring
blades pressing on the faces of the square contact block give a snap action and hold the block in position.

i i b Rafehet operofes drurm
“~Paw/ pivated on frigger
~Trigger
Fia. 487.—Ratchet-type switch with double pole for three phase. Can also be used for single phase. The word
Y“on' is stamped on dismetrically opposite points on the ratchet wheel. With switch in “on” position, the word

shows through & hole in the cover plate. A spring lever anaps into the star wheel, giving quick snap action. To open
the switch, a definite movement of the trigger is required.
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Fia. 488 —A design of switch similar to that shown in Fig. 486 except that it is & two-pole design and is self-
opening when the trigger is released. It is shown here in the “on’’ position. As soon as the trigger is released, the
eompression spring opena the switch.

\Compression spring .+ On position of frigger

Toggle fype releasing swifch handle.Used on
ay:?r‘yb dlc. reamers, foggle device for
quick moke and break ~

F16. 489.—A toggle-type seli-opening switch used on old-style direct-current reamers. The tripper is pushed
forward until the line of pull of the spring passes the dead center of the link to which it is attached. The spring then
pulls the switch closed. Upon releasing the trigger, the mechanism returns to the position shown, the switch snapping
open when the toggle spring passes dead center.

F1a. 400.—A conventional-type switch of old design that is seli-opening when the trigger ia released but can be
held in the elosed position by means of & locking pin. Common to all the switches shown in this group of designs, it is
not dustproof.
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F1a. 481.—A special design of built-up switch of the sell-opening type and provided with & locking pin, similar to
that shown in Fig. 489. Common to all the designs shown here, the switch is now obsolete in favor of fully enclosed
and easily replaceable switch unita.
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Fia. 492, Fio. 493,

Fra. 402.—A modern-type commerecial switch mnu_nted in & side handle, Buch switches are readily replaced as n
unit, inexpensive, and sealed against the entrance of dirt. The switch opens as soon us the trigger is released unjess
the locking pin is set, in which case a slight pull on the trigger releases the locking pin and opens the switch.

Fio. 403 —Another example of & modern commercial switech mounted as & unit in a grip-type end handlo.
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Fro. 404 Fra. 495,
Fia. 404.—A rocker-type switch such as used on polishers and portable sanders.

. : It is not self-releasing and is
now being replaced by plunger-operated dusttight switches such as shown in Fig. 408

Fia. 495.—Another style of mounting a commercial-type switch in a side handle. The switch is replaceable as s
unit and is self-opening, a8 soon as the trigger is released; the return spring being shown dotted.

F1o. 406.—In this switch mounting, the trigger actuates the switch by means of a lift rod attached to the back
of the trigger. A tension spring attached to the upper end of the lift rod and anchored to the lower end of the switch
plate pulls the switch open as soon as the trigger is released. If the locking pin is depressed when the trigger is pulled
back, it passes through the hole in the trigger which then cannot return to the open position. As soon ss the trigger
ia pressed, the locking pin is released, snaps back, and releases the trigger.
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Fig. 407 —A slider-operated switch. The slider
moves back and forth as indicated in the drawing,
This switch is not provided with any release arrange-
ment. It is used only on light model tools where no
damage would be done if the tool were Inid down
with the power still on.

Fia. 408.—Latest type switch handle for polishers,
sanders, and portable grinders. The switch is in a dust-
tight chamber and is operated by a.plunger instead of a
trigger which eliminates the necessity of an opening such
a8 is required when triggers or rockers are used. The
plunger makes & close fit. Bwitch is not sell-releasing, it
hei:_:g_ necessary to push the plunger for both on and off
poaitions,

F16. 499.—Latest design of switch arrangement for small die grinders and sanders. The toggle-operated switch
unit is mounted in a dusttight compartment and a dust seal is provided where the toggle comes through the case.
This type of switch does not have a release arrangement that opens it sutomatically.

Fra. 500.—This switch ia of the same type as ghown in Fig. 485. It is mounted in a longer handle, being actuated
by a remote trigger arrangement. It is provided with an additional return spring for quick action and also has
locking pin for holding the switch in the closed position when the trigger is released. A alight pull on the trigger

releases the locking pin and opens the switch.
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THERMOSTATIC MECHANISMS

Sensitivity or change in deflection for a given temperature change depends upon
the combination of metals selected as well as the dimensions of the bimetal element.
Sensitivity increases with the square of the length and inversely with the thickness.
The force developed for a given temperature change also depends on the type of
bimetal, whereas the allowable working load for the thermostatic strip increases with
the width and the square of the thickness. Thus, the design of bimetal elements
depends upon the relative importance of sensitivity and working load.

Bimetal helix .

Pen pressure
aa"ju&?frmf

Fia, 501.—In the Taylor recording thermometer, a pen is moved vertically
weross & revolving chart by a brass-invar bimetal element. To obtain sensi-
tivity, the long movement of the pen requires a long strip of himetal, which is
coiled into & helix to save space. For accuracy, a relatively large cross section
gives stiffness, although the Iarge thickness requires increased length to obtain
the desired sensitivity.

Permonent magners

\

Fic. 502.—Room tempers-
tures in summer as well as
winter are controlled over &
wide range by a smingle large-
diameter coil of brass-invar in
Fig. 503.—In this Westinghouse overload relay for large motors, & portion the Friez thermometer. To

of the motor current is passed through a heating coil within the relay. Heat
from the coil raises the tempersture of s bimetal spiral which rotates a shaft
carrying an electrical contact. To withstand the operating temperature, a
heat-resistant bimetal is used, coiled into the spiral form for compactness.
Because of the large deflection needed, the spiral is long and thin, whereas the
width is made large to provide the required contact pressure.

By the use of heat barriers between the bimetal spiral and the heating coil,
temperature rise of the bimetal can be made to follow closely the increase in
temperature within the motor. Thus, momentary overloads do not cause
sufficient heating to close the contacts, whereas a continued overload will in
time cause the bimetsl to rotate the contact arm around to the adjustable
stationary contact, esusing & relsy to shut down the motor.
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prevent chattering, a small
permanent magnet is mounted
on each side of the steel contact
blade. The magnetic attrac-
tion on the blade, increasing
inversely with the square of the
distance from the magnet, givea
& snap action to the contacts.
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Fia. 504.—0n the Dodge carburetor, when the engine is cold, & vane in the exhaust passage to the “hotspot” is held
open by a bimetal spring against the force of a small counterweight. When the thermostatic spiral is hested by the out-
side air or by the warm air stream from the radiator, the spring coils up and allows the weight to close the vane. Since
high aceursey is not needed, a thin, flexible cross section is used with a long length to give the desired sensitivity.

F1a. 505.—In the Friez relay, & constant current through an electrical heating coil around a straight bimetal strip
gives n time-delay action. Bince the temperature range is relatively large, high sensitivity is not neceasary, hence a
short straight strip of bimetal is suitable. Because of the relatively heavy thickness used, the strip is sufficiently stiff
to close the contact firmly without chattering.

Fia. 5086, —A similar type of bimetal eloment is used in the Ward Leonard time-delay relay for mercury-vapor
rectifiers. 'This relay closes the potential circuit to the mercury tube only after the filament has had time to reach its
normsl operating temperature. To eliminate the effect of changes in room temperature on the length of the contact
gap, and therefore the time interval, the stationary contact is earried by a second bimetal strip similar to the heated
element. Barriers of laminated plastic on both sides of the active bimetal strip shield the compensating strip and
prevent air currents from affecting the heating rate. The relatively high temperature range allows the use of &
straight thick strip, whereas the addition of the compensating strip makes accurate timing possible with a short travel.

_ Fre. 507. Fra. 508.

Fia. 507.—0il pressure, ure, or gasoline level are indicated electrically on automohile dashboard
instruments built by K.mg-&anlny in .mrhmuu element is used in both the sender and recciver. A grounded con-
tact at the sender completes an electric circuit through heaters around two similar bimetal strips.  Since the same cur-
rent flows around the two bimetal elements, their deflections are the same. But the sender element when heated will
bend away from the grounded contact until the eircuit is broken. Upon cooling, the bimetal again makes contact and
the cycle continues, allowing the bimetal to follow the movement of the grounded contact. For the oil-pressure gage,
the grounded contact is attached to a diaphragm; for the temperature indicator, the contact is carried by another
thermostatic bimetal strip; in the gasoline-level device, the contact is shifted by & cam on & shaft rotated by a float.
Deflections of the receiving bimetal are amplified through s linkage that operates a pointer over the scale of the
receiving instrument. Since only small deflections are needed, the bimetal element is in the form of a short stiff strip.

F1a. 508.—0il dashpots used in heavy-capacity Toledo seales have a thermostatic control to compensate for changes
in oil viscosity with temperature, A mtm;uh.roriﬁuinthnplmrhwvuvdbylmpdpmjuﬁmmthabimﬂd
element. With a decrease in oil temperature, the oil viscosity increases, tending to increase the damping effect; but the
bimetal deflects upward, enlarging the orifice enough to keep the damping force constant. A wide bimetal strip is used
for stiffness so that the orifice will not be altered by the force of the flowing oil.
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Fio. 509 —In mercury-filled indicating thermometers,
expansion of the mercury in a bulb st the end of a
capillary line causes the spiral tube in the gage to uncoil,
the dial pointer being moved by means of a linkage.
However, changes in the temperature of the mercury
in the capillary and spiral also aflect the movement of the
linkage introducing an error in the reading. In the
Taylorindicating thermometer, mmpmution_fur nha.nsu
in gage temperature is obtained by a flat bimetal strip
that forms a part of the pointer linkage. The strip is
designed so that its deflections are equal but opposite
to the effect caused by changes in gage temperature.
Since little load is imposed on the thermoatatic strip, the
compensating action can be obtained with high accuracy.

LS LG L ST

Fio. 510.—In cooling-water thermostats for auto-
mobile engines, the water flow imposes s load on the
bimetal spiral, and in addition the overtravel caused
by continued cooling after the valve is closed sets up
stressea that increase as the temperature decreases,
Sufficient strength and cross section to safely with-
stand these stresses without permanent deformation
requires a long fexible element. High accurney is
not obtainable, but in this application a relatively
large variastion in operating temperature is permis-
gible. In the Chase thermostat, the bimetal element
is in the form of & tapered spiral spring which is con-
nected to a rotating valve by & simple linkage. To
stabilize the bimetal element, it is subjected to a
series of hot and cold treatments st temperatures
beyond the normal temperature range.

Fia. 511.—When the bimetal element in & gas pilot-light control is placed near the pilot flame, the bimetal is
mbject.adtonumpultunmriumuimumumthsmmmdhmﬁmwmmmdndtm&&annmy
become corroded and fail to function when an emergency arises. In the pilot control made by the Patrol Valve
Company, operating temperature of the bimetal is reduced and distortion from overheating is prevented by a dual
pilot eonstruction. The constant-burning pilot ignites a second pilot which heats the bimetal strip when the thermo-
static control calls for heat, Thabim&muﬁpumhmﬁn;opnmwamw“nhmmwhmh,by
means of a double-seat construction, mduumthalupplyufpam_themndplm.iunmm;h_mmubmnglpﬂmkaep
the bimetal from closing the valve. Since relatively wide limits for temperature of operation are permissible, the
bimetal element is designed to develop sufficient force to operate the toggle spring without the use of high working
slresses.
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Fii. 512.—Toggle action, without separate springs, is obtained in the SBpencer disk thermostat, The disk is a
saucer-shaped piece of bimetal sheet which enape itself from a concave to a convex shape at a predetermined tempera-
ture. Both the amount of movement and the temperature differential between opening and closing temperature
depend on the design of the'disk. For greater sensitivity, amaller differential and a larger movement than can be
obtained with the plain disk, the bimetal disk is corrugated. Bince the disk is small and stores but little heat, it warms
or cools rapidly.

When used as an electrical control device, insulated silver contacts are mounted on the bimetal disk, In the cold
poaition shown, each of the contscts bridges n gap in insulated plates connected to the heavy terminals, When
heated, the disk snaps to & convex shape, the cirouit opening through the device at three points.

Fig. 513.—In the Westinghouse thermostat for electric hot-water heaters, s small range of temperature difference
between on and off is needed, and to eliminate the necessity for an intermediate relay, the contacts must break a rela-
tively heavy current. These conflicting requirements are met by using a double-toggle mechanism. A light toggle
spring on the contact blade keeps the contacts firmly seated until the stronger toggle on the bimetal strip comes into
operation.

The bimetal blade is free to move nearly to the dead-center position, thereby storing energy in ita toggle spring
before any pressure is applied to the contact blade. Energy released by the toggle spring, when the bimetal blsde
passes dead center, delivers an impact to the contact blade, breaking loose any slight welding that may have occurred
during the previous operation. This thermostat is used as a current-limiting switch, disconnecting one heater as
another is connected. Because of the double-toggle design, the thermostat contacts will safely interrupt 5 lew. at
220 volts alternating current with s temperature differential of 5°F. or less,

Fia. 514—In radiator air valves made by the Anderson Manufacturing Com . air foreed into the valve
passes around s small bellows partly filled with a liquid. When steam reaches the e, the heat increases the vapor
pressure within the bellows, and the resultant expansion raises the float, thereby closing the sir-vent orifice.

Bimetel -
strip

Jilver conduct- "
Adljusting screw ing strig fmg

Fro. 515.—Electric irons require a convenient adjustment for the temperature at which the bimetal element opens
the circuit. In the mechanism designed by Proctor & Bchwariz, a double lever not only permits adjustment of the
operating temperature, but also relieves the bimetal strip of any restriction when it cools to room temperature. Since
the operating temperature range is high, a heat-resisting bimetal material is used in the form of a short stiff strip. Cur-
reat is conducted to the bimetal contact through a flexible silver ribbon eliminating the effect of heat caused by current
passing through the himetal strip.
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Fia. 516.—Automobile cooling water temperature
is controlled by a self-contained bellows in the thermo-
stat made by the Bridgeport Brass Company. As
in the radiator air valve, the bellows itself is subjected
to the temperature to be controlled. As the tem-
perature of the water increases to about 140°F., the
valve starts to open; at approximately 180°F., free
flow is permitted. At Intermediste temperatures, the
valve opening is in proportion to the temperaturs.

gor vole

Fia. 518.—An automatic gas-range control made
by the Wileolator Company has a sealed thermostatic
element consisting of & bulb, capillary tube, and
hellows. As food is often pl-rne-d near the bulb, a
nontoxic liquid, chlorinated diphenyl, is used in the

liquid expansion system. The liquid is also non-
it::lﬂlmmlb]ﬂ and has no corrosive effect upon the
phosphor bronze bellows. By phm.n; the liguid
outside instead of inside the bellows, the working
stresses are maximum at normal temperatures when
the bellows bottoms on the cup. At elevated working
Jemperatures, the expansion of the liquid compresses
the bellows against the action of the extended spring
which, in turn, is adjusted by the knob. Changes in
calibration caused by variations in ambient tempera-
ture are com ted by making the rocker arm of
bimetal suitable for high-temperature service.

,+ Pressure

Fia. 517.—In & throttling type of circulating water
control valve made by C. J. Tagliabue Manufacturing
Company for use in refrigeration plants, the valve
opening varies with the pressure on the bellows. This
valve controls the rate of flow of the cooling water
through the condenser, a greater amount of water
being required when the temperature, and therefore
the pressure, increases. The pressure in the con-
denser is transmitied through a pipe to the valve
bellows thereby adjusting the flow of eooling water.
The bronze bellows is protected from contact with
the water by a rubber diaphragm.

e fube  Bimetol.
! opillary

Fio. 519.—For electric ranges, the Wileolator
thermostat has the same bellows unit as is used on the
gas-type control. But, instead of a throttling action,
the thermostat opens and closes the electrical contacts
with a snap action. To obtain sufficient force for the
snap action, the control requires a tempersture
difference between “on" and “off " positions. For s
control range from room temperature to 550°F., the
differential in this device is plus or minus 10°F.; with
a smaller control range, the differential ia propor-
tionately less. The snap-action switch is made of
beryllium copper, giving high strength, better snap
action, and longer life than obtainable with phuaphuf
bmnu. and because of ita corrosion resistance the
beryllium-copper blade requires no protective finish.
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Fia. 520. Fic. 521. Fia. 522.

Fia. 520.—For heavy-duty room-temperature controls, the Penn thermostat usea a bellows mechanism that
develops & high foree with small changes in temperature. The bellows is partly filled with liquid butane, which at
room temperstures is & gas having a large change in vapor pressure for small temperature differentials. Snap action
of the electrical contact is obtained from a small permanent magnet that pulls the steel contact blade into firm contact
when the bellows cools. Because of the firm contact, the device is rated at 20 amp. for noninductive loads. To avoid
chattering or bounce under the impact delivered by the rapid magnetic closing action, small auxiliary contacts are
earried o:dlight spring bilades. With the large force developed by the bellows, & temperature differential of only 2°F.
1s obtained.

Fra. 521.—8nap action in the Tagliabue refrigerator control is obtained from a bowed flat spring. The silver
contacta carried on an extended end of the spring open or close rapidly when movement of the bellows actuates the
spring. With this snap action, the contacts can control an alternating-current motor aa large &s 134 hp. without the
use of auxilinry relays. Temperature differential is adjusted by changing the spacing between two collars on the bel-
hﬂﬁw&m@ﬂwmﬁim For temperatures used in freezing ice, the bellows system is partly
filled wi tane,

Fio. 522,—In the General Electric refrigerator control, the necessary snap action is obtained from a toggle spring
supportad from a long arm moved by the bellows. With this type of toggle action, the contact pressure is & maximum
at the instant the contacts start to open. Thermostatic action is obtained from a vapor-filled system using sulphur
dioxide for usual refrigerating service or methyl chloride where lower temperatures are required. To reduce friction,
the bellows makes point contact with the bellows eup. Operating temperature is adjusted by changing the initial
mm in the bellows spring. For resistance to corrosion, levers and blades are stainless stee] with bronze pin

Fro. 523.—Two bellows units are - i.nt]:m Fedders thermostatic expansion valve for controlling large refrigera-
tion systems. A removable r bellows unit is operated by vapor pressure in & bulb attached to the evaporator
output line. The second bellows serves as a flexible, gastight seal for the gas valve. A stainless steel spring holdx
the valve closed until opened by pressure transmitted from the thermostatic bellows through & molded push pin.
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AUTOMATIC STOPS
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Fio. 524.—A mechanism used on the Barber-
Colman spooler. When the thread breaks, the
feelers are relessed and the spiral spring causes
the spindle with finger to rotate. The latter
throws the stirrup into the path of the oscil-
lating crank, which on its downward stroke
throws the spool into the position shown dotted,
the stirrup then being thrown out of the path
of the cacillating crank.

Confinuously
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F1o. 526.—When the thread breaks, the stop dropa and
intercepts reciprocating bar. On the next counterclockwise
oacillation of the eccentric arm, the bar B is raised. A feature
of this design is that it permits the arm B to move up or down

independently for a limited distance.

~~Eccentric arrm ascillafes
o mﬂmﬁr&' about the

Fio. 525.—Mechanism used with variations on tubular
braiding machines. When braiding, tension on the wire or
thread lifts the idler carrier which th releases the pawl
from the ratchet on spool flange and allows the spool to tumn
and unwind. When the machine stops, the tension on wire is
decreased, allowing the idler carrier to fall so that the pawl can
engage the mtchet. If the wire breaks while the machine is
running, the unsupported idler carrier falls to the base of the
standard, and when the standard arrives at the station in the
racewny adjacent to the cam C, the lug L on idler earrier
strikes the cam C, rotating it far enough to disengage a clutch
on the driving shaft, thereby stopping the machine.

without receiving an insert. Pawl finger F has
& rocking motion obtained from crankahaft,
timed so that it enters the unsealed packsges
and is stopped against the contenta, If the box
is not filled, the finger enters & considerable
distance and the pawl end at the bottom

mdhdﬂ:lntehnwbulanthadriﬁ.ng

engages
cluteh, which disengages the machine driving
shaft.
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Fic. 528 —8chematic disgram of mechanism to
cause bobbin changer to operate. If the contact arm
does not slip on the bobbin, the lever A will rotate
to the position shown. But if contact with the
bobbin center alips, as it will do if the bobbin is empty,
lever A will not rotate to the position indicated by
the dashed line, thereby causing the bobbin changer
to come into action.

Fia. 530.—In this textile machine, any movement
that will rotate the stop lever counterclockwise will
bring it in the path of the continuously mpmm
shaft. This will cause the catch lever to be p
counterclockwise and the hardened steel stop on the
clutch control shaft will be freed. A spiral spring
then impels the clutch-control shaft to rotate clock-
wise, which movement throws out the clutch and
applies the brake. Initial movement of the stop
lever may be caused by the breaking of a thread, a
moving dog, or any other means.

CONTROLS 249

Fia. 529.—8imple type of stop mechanism for limit-
ing the stroke of a reciprocating machine member,
Arrows indicate the direction of movement,

Fio. 531.—When the predetermined weight of
material has been poured on the pan, the movement
of the scale beam pushes the latch out of engagement,
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BUILT-UP WELDED CONSTRUCTIONS

The details illustrated, taken from designs for sanitary
and chemical processing eqmpment., represent utilization
of diversified metal-working equipment—bending rolls,
power presses, flangers and such—to fabricate function-
ally correct parts from simple sheet and fittings. Com-
mercial shapes are used where practical; but parts are
flame cut, forged, or rolled when such fabrication is more
economical or design requirements dictate.

""""""
""""""""""""""
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WELDING S.A.E. 4340 STEEL

By welding, quenching, and tempering after gas welding, S.A.E. 4340 tubes can
be butt-welded to give a tensile strength of more than 180,000 Ib. per sq. in. with a
Rockwell hardness of C 46. It is considered that a minimum tensile strength of
125,000 1b. per sq. in. can be safely specified for parts made by gas welding S.A.E.
4340 steel tubes and normalizing.

As shown in the accompanying table, butt-welded specimens of S.A.E. 4340
tubes can be heat-treated to develop a maximum tensile strength of 217,000 lb. per
8q. in. as compared with a maximum tensile strength of 252,800 lb. per sq. in. for the
unwelded tube. The gas-welding characteristics of this material are equal to or bet-
ter than those of S.A.E. 4130 steel tubes.

RESULTS OF TENSION TESTS,

BUTT-WELDED 4340 STEEL TUBES

24 in. 0.D. X 0.125-in. wall

RESULTS OF TENSION TESTS,
BUTT-WELDED 4340 STEEL TUBES

134 in. 0.D. X 0.65-in. wall

Spesiime | Tunaile strengity, | Rockwell Tensile | Rockwell
No. Ib. per sq. in. (base ahl' men Condition strength, | hardnoss
- 8q. in. metal)
As Welded
19 09, B 91.0
; 128,300 C 36.0 ] TS pud g ﬁ,% B 01.5
: i?ﬁ'ﬁ ggs:g Average.|.....ooooiiiiiiin, 98,850 | B 01.3
S 135,500 C 3.5
g 139,900 C 36.5 :;] Welded “as received [m,m C 3.0
145,500 C 315 138,700 | C 38.0
Average. ... .. 136,000 C 36.5 AVErEER | v sria el s 130,500 | C 38.0
- Z ﬂ} Welded “as received™ |[124,000| C 39.0
Welded and Normalized a4 and normalized 134,000 | C 37.0
7 135,000 C 40.5 Average.l. ool 120,000 | C 38.0
e 125,700 C 3.5
130, 800 C 42.5 25 Welded “as received,” | 217,000| C 51.0
10 7 26 oil o
133, 000 C 3.0 quenched 1525°F., | 211,500 | C 51.0
2 134,800 C 43.5 tempered 400°F
& 137,500 C 385 Aangmili vy i e R 214,250 | C 51.0
Vernge. . 132,900 C 40.
M0 Note: All specimens exeept 19 and 20 broke in or
Welded, Quenched, and Tempered adjacent to the weld.
o 175,000 C 45.0
b 171,000 C 46.5
18 182,000 C 46.0
o 167,000 C 46.0
i 199,000 C 48.0
4 204,000 C 47.0
Dz e 183,000 C 46.0

Notes: Longitudinal bead welded on specimens 7 and 8.
All specimens broke in the weld.
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ARC WELDING THIN SHEETS

Uniformly good arc welds in sheets less than 0.050 in. (18 gage) thick can be
made with generator-type welders with a minimum setting of 10 to 15 amp. with
stable operation at 20 amp. and higher. Stainless steel and Monel exhaust stacks
and manifolds for aircraft, which are of comparatively thin gage, are being fabricated
by this method. Results of tests on two aircraft materials, S.A.E. 1025 and 4130,

are shown in the following tables.
RESULTS OF TESTS ON WELDED THIN TUBES
uirocts Average unit
¢ 2 : ’ e
Specimen Material | Thickness | Current dm?;leter, Failure taaite waais
Tubing (1 in. diameter)... ... 1025 0.035 18 34 0 81,950
0.049 27 He 0 80,600
0.065 32 He | 75,200
4130° 0.035 18 3a I 94,250
0.049 26 e | 104,900
0.065 32 He I 82,600
Bheet...................... 1025 0.187 73 g I 57,260
(Bpecimen 24 in. wide)
4130 0.035 23 Ye (o) 113,500
0.049 29 YHe I 103,430
0.187 65 344 I 57,260

* L in weld; O, outside weld,
ROD SIZE AND AMPERAGE FOR WELDING MINIMUM TENSILE STRENGTH OF WELDS FOR

THIN-GAGE MATERIAL WELDER QUALIFICATION TESTS
{Approximate) {Air Corps Spec. 20013-B)
Electrode Welding Gage of C
; 5 : ‘arbon content Carbon-steel | Alloy-steel
dismster, in, _|. eurrent; smp. muterial of filler rod base metal | base metal
M2 5-10 32-26
¥4 A0-20 A% Upto0.06................| 45,000 55,000
e an=i &M 0.07-0.12 50,000
1% B80-75 101 in. s et L s 1 ' -

Tubular Section Formed of Thin-gage Stainless Steel.
A. Operations when plaster die formed parts are used:

Round corners Covidnotbe.. . Workedintfo
f \ E’ ﬂ’ filked by are "~y N\ circulor cross-
weld b SOCTHONT = mm e e

ﬁ}‘ Bfw‘!"* Gars weldled”

B. Operations when steel or hard aluminum-bronze dies are used:
‘Ibarp COrners m Mw&d\\ i : ¥ norking 7
™ ;ﬂ S'hnu"'- f
Cut off in press = Ng-=== \ V.,

By using metal dies, sharper corners can be formed and nibbling operation
eliminated. By shearing off excess material, section can be arc welded in Jess time.
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METALS THAT CAN BE RESISTANCE WELDED

N\
R

Iron L) ':"o @ Good weid .

Stainless iron O] \sﬁff ® &Tm w
Allegheny metal _|8/®(®]/ <&/ @ Poor weid

Cobalt steel 0000 Q#éo“‘f O Noweld o
Nickel 0000 #’f ﬁﬁ‘ Bl e o
Nichrome 00006066 £ * in the course of spof. weldl)
vonel metcl___[@10]@@[0]010] /5, coated material, fhe coatings
Nickel silver 9090900 L) Q‘é{v" s mf&m&;rnfn:imgw
Bross 00000000 d,@?e Courtesyof
Bronze CO00000O000DAE Y Bell lelephone Record
Manganin 90000000000 Q."“

Everdur 0000 000G OSSO

Copper 90000000000 OSO

Aluminum 909 DO e DD|eDe|ee®

Mognesium 2] [ ]

Moly bdenum o0 e 0008 OC0Ce O i

Lead o800 ee ® ,éo“ *
Tin olo[ [ [e[O]e/e[e[e[e[e[®O] | [® 2 ¥
Codmium 0 BEO000000CENROO0EZEZS fb :
Zinc () Dele|e|e|eee® ole®lel/ & 35‘ f
"Gavanized ron _|0|0] 0|00/ 0|0|0|0|0|0[0[0|0] | [0/0[0c]® &-s‘ff
Fin plote Qo00000000000ONED00E0D0EEYS
*Chromium ploted steel | 99| 99 |0 9|9 (0|0 DO (O e 08

*Nickel plated bross |09 9/09)0|0|0/0/0/0/0 80| (008008 se




RESISTANCE WELDABILITY OF ALUMINUM ALLOYS
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FOUR SURFACE PREPARATIONS FOR SPOT WELDING ALUMINUM

Method 1.

Dip parts in 50 per cent HNO; cold for 15 sec.*

Rinse in cold water.*

Dip parts in 5 per cent NaOH + 4 per cent NaF at 160°F. for 30 sec.

Rinse in cold water.

Dip parts in 50 per cent HNO, cold for 15 to 30 sec. to remove black deposit from step 3.
Rinse in cold water.{

Rinse in boiling water. |

Dry parts on steam coils or in sawdust.

Method II.

. Dip parts in 50 per cent HNO; cold for 15 sec.*

. Rinse in cold water.*

Dip parts in 10 per cent NaOH at 160°F. for 30 sec.

Rinse in cold water.

Dip parts in 50 per cent HNO; cold for 15 to 30 sec. to remove black deposit from step 3.
. Rinse in cold water.}

Rinse in boiling water.

Dry parts on steam coil or in sawdust.

Method III.

1. Paint area to be welded with gum tragacanth HF acid paste and leave on for 30 sec.
2. Wash paste off with running cold water or with wet rags.
3. Dry off water with dry rags.

Gum tragacanth paste is prepared from:

3 Ib. gum tragacanth
10 gal. hot water

Dissolve gum tragacanth in hot water, add one gallon of alcohol to water if necessary to dissolve
gum tragacanth.

Add 10 Ib. hydrofluoric acid to above solution.

Material must be stored in paraffin-lined containers.

Operators must wear rubber gloves and goggles to use this material. In partially assembled
parts precautions should be taken to keep acid out of joint.

Method IV.

Area to be spot welded may be cleaned by mechanical means.

a. Rub with steel wool.

b. Rub with fine emery cloth.

¢. Use fine wire brush.

* Omit steps 1 and 2 for material relatively free from oil.

t Repeat steps 3 to 6 for material having very heavy heat-treating film not removed in steps 1 to 6.

1 Final hot water should be thoroughly free of dissolved salts and of organic matter which would tend to stain the
freshly cleaned parts.

bR BB ol o

O NG W
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PREPARATION OF MATERIALS FOR RESISTANCE WELDING

- u. 532. . Fia. 533. Fio, 534. Fia. 535.
Fic. 532.—Round, embossed projections allow the use of flat electrodes. Beveral projection welds can be made
simultaneously.

F1a. 533.—Pointed or cone-shaped projections are often used on light-gage materials, such as 22 and 24 gage.

F16. 534.—Protruding punch out may help to locate paris preparatory to welding. Where great strength is not
required, the punch out itsell is sometimes electroforged down.

Fig. 535.—Prick punch marks made with round punch (one blow) used in welding thick plates to light-gage sheeta
to throw up a erater which localizes welding heat and pressure.

| ]

B

Fia. 536, Fio. 587. Fic. 538.. Fia. 530.
Fic., 536.—Design of embossed corners, formed over one another and welded be_magn V-shaped electrodes.
Fia. 537.—Almost any form of serew, rivet, or specially headed part can be projection welded.
Fit. 538 —8light radius on the end of the rod permits it to he welded to another part without throwing a fin or

flush.
Fia, 530.—The crater or ringlike cavity is filled with the heated metal of the round projection, resulting in close
mechanical contact over the whole surface.

. 540, Fia. 541. Fio, 542. Fia, 543.
Fi6. 540.—A ring projection can be turned or coined on the shaft in order to localize the welding area,
Fia. 541.—8imilar to Fig. 538, except reversed.
Fia, 542.—Projection swaged on the edges of & piece, 8 method of embossing thick plates or strap stock.
Fro. 543.—Specially headed screws or studs prepared both to localize weld and to locate the screws without the
necessity of using jigs or fixtures.
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PREPARATION OF MATERIALS FOR RESISTANCE WELDING

=1l=

Fic. 544.

Fic. 540. Fio. M7. Fio. 548,

Fic. 544 —Elongated projections that cross each other are for the lightest gages and certain nonferrous combina-
tions and where a good strong weld is imperative.

F1a. 545.—Elongated projections or & pattern of ribs that cross one another gives many points of small welded
area. Should be used for thin sheet metal,

Fia. 546.—Elongated projection for welding to a curved surface. This sssures ample contact surface in the
direction in which movement is likely to occur.

Fia. 547.—Upeetting a tube to form bulges can be done by heating and upsetting on a butt welder.

F1o. 548.—Rods of almost any metal can be upset to provide incressed sections or limiting rings.

Fic. 549.—Offsetting helpa to locate the lap joint and also eontributes to having one side smooth.

Fia, 5532,

Fia. 550.—Welding both sides of & box form simultaneously, by employing a shunt-block device,

Fia. 551.—An example of “pry-bar’’ welding. Done by prying against parts backed up by dies.

Fia. 552.—Coined switch eontacts having thres conical projectiona that nest in & ring groove stamped in the
hlade.

Fiu, 553, Fio. 554. Fia. 556.
F16. 553.—When wire cables are “cut” by clamping between the jaws of s welder and burning the cable in two,
# globule of metal, formed on the ends, holds the wirea
F16. 554. —Plpa or heavv-walled tubes ran bhe hutted tngathcr or to other pieces. Chamfering the pipe ends
keepa flash at & minimum,
Fia. 555.—Rods or eahles can be economically welded into sleeves or ferrules.
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FURNACE BRAZING
STRENGTH OF COPPER-BRAZED JOINTS

Bhear strength, b, per sq. in.
Material Clearance Tight
0.003 in. press fit
ML BEORL. ;v o omrans s i o e b e s i 22,000 29,000
Alloy steel. ... ..., .. R o X R S N 30,000 50,000

Brazing Metal.—For steel parts, copper or brass in the form of wire, paste, or
powder. For inaccessible surfaces, use copper-coated steel or make a spray consisting
of copper or brass powder mixed with lacquer, and thin, This mixture is sprayed or
brushed on the surfaces to be brazed.

For aluminum, a special flux and brazing metal is required. For inaccessible
places, the aluminum sheet can be obtained with the brazing material rolled in along
the edges.

Furnace Temperature.—For brass wire or powder, 1740 to 2000°F.; for copper
brazing, about 2100°F. Furnace temperature can be anything reasonably higher that
will not be detrimental to the parts.

Furnace Atmosphere.—Percentage composition carbon dioxide, 5.6; hydrogen,
11.9; carbon monoxide, 10.3; methane, 0.2; nitrogen, 72.0. No oxygen.

Heating for annealing or hardening can be simultaneous with the furnace brazing.
All heating operations subsequent to the furnace brazing must be at temperatures
below the melting temperatures of the brazing metal used.

Fit of Part.—Light press fits are desirable. Tight fifs increase the flow of the
brazing material into the joint, the tighter the joint the farther the molten metal will
flow. Void spots or gaps are difficult to seal because clearance is too great to permit
capillary attraction drawing the molten metal into the joints.

FURNACE BRAZING CHARACTERISTICS OF ALUMINUM ALLOYS

Wrought alloys Casting alloys

Heat-

Fuetors involved Nonheat-treatable Heat-treatable Nonheat-treatable treat-

g able

28 38 525 | 538 | 618 |Ale.178| Ale. 248 43 214 | B214 | 406 | 358

1. Brasability,....... Good | Good | Poor | Fair | Good | Poor Poor | Fair | Poor | Poor | Good | Poor
2. Filler material. .. ... 1 438 .... |X-T16|X-718 i | eivies | HETAW Lowe | aean | 408
8 Plux......oolevans | .. 33 B0 s | S B | e | e 30
4. Braring mm[n 1160 | .... | 1065 | 1065 | ...... | .. ... 1040 | .... | .... | 1160
ture, deg. F......[1 11 1185 | .... | 1000 | 1000 cesves | 1060 ) oiia | wu.o | 118G

Note: Thickness range for alloys listed is 0.006 to 14 in.

Design Precautions.—The brazing metals flow by virtue of capillary attraction,
but if the gap between the surfaces to be brazed is greater than about 0.005 in., the
capillary attraction is destroyed. Therefore, at no point in the path of intended flow
of brazing metal should the gap between the surfaces to be brazed be more than about
0.005 in, as this would stop the further penetration of the brazing metal.
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DESIGNS OF JOINTS FOR BRAZING

PARTS HELD TOGETHER BY THEIR OWN WEIGHT

"CiNER Lo
BRAZING HAI'!IML

W TR T AT A T T TR ETTTE

G S
o
COUNTERSUNK R
1 ! (Brazing
wire
EXPAMDED TI..IBE

w."rc

Jf;tzi//.

IR AR SRR RN,

BRAZED JOINTS IN SHEETS E
| Brazi Brozing Clamp or
Vb i ' Fock veedd

wire »~

“Clamp or fock welkd/
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FLAME HARDENING DATA

900 v ::om‘-ostﬁm
ong:mese
Phosphorus 002 Hardness as quenched
800 Sulphur 002 7 =
Silicon 002 ;
700 ' —t 280
>
500 s T Per cent hardness increase 240
g ‘ A "I L | Softer quenching— §
500 L o s
: i 200 §
T 400 e 160 §
§ 300 120
= v
200 4 I, - 80 -E
r Hordness oz onnealed 5
— | z
100 # 40
0 - ' 0
a2 o4 a6 4 L6 L8

) 10 12
Carbon, Per Cent
RELATION BETWEEN BRINELL HARDNESS AND CARBON CONTENT WHEN STEEL IS COOLED SLOWLY
AND WHEN WATER QUENCHED

600 700
500 N -""'*\ 800 J\
400 Light fkwr_'\ e
300 3L 1 400 N
= 200 \ N 5 30
'E oo E 200
v 004 2 Q6 020 S 2 a2
a8 a a
° Depth Inches Depth Below Surfce, Inches.
DEPTH HARDNESS CURVES OF FLAME HARDNESS FROM SURFACE TO CORE OF FLAME
HARDENED S.AE. 4140 ANNEALED STEEL HARDENED S.A.E. 1045 STEEL

Flame Hardening Specifications

Material.—Cast iron, malleable iron, and any alloy steels other than tool steels,
with carbon content equal to S.A.E. 1040 or higher, depending on the hardness
desired.

Preparation.—In order to assure freedom from surface cracking, the steel should
be stress-relieved by annealing or normalizing before flame hardening.

Hardness Obtained.—Surface hardness of the case will depend on the carbon
content of the steel, as shown by the accompanying curves.

Depth of Hardness.—Hardness varies with depth below the surface as shown by
the curves.

Precautions.—Avoid overheating, which is one of the prime causes of surface
checking and cracks.

Reference Literature.—“Flame Hardening by the Oxy-Acetylene Process,”
published by the International Acetylene Association, 30 East 42nd Street, New York,
N.Y.
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CASTING DATA

Centrifugal Casting

Materials Suitable.—Aluminum, bronze, Monel, beryllium copper, iron, steels of
various grades, stainless steel, copper, and other nonferrous materials.

Shapes.—Any combinations of cylindrical shapes such as wheels, gears, screw-
down nuts, bushings with tapers, and parts with varying diameters.

Maximum Size.—Screw-down nuts, weighing approximately 3,600 lb. each, for a
new continuous-type steel mill, have been centrifugally cast.

Finish Allowances.

Outsido diamieter, in; o S | dinmeter
owance, in. allowance, in.
e b 1g
A6 Bt e e 544 1
B =100 3¢ Y]
Over 100 i iy TGy s i ] W
Ford casting of both bevel and cluster gear blanks allows only 42 to }{s in. stock

for machining.

Wall Thickness.—Practical minimum about }4 in.

Relative Cost.—More costly in small quantities than sand castings in small
quantities. However, as quantity increases to 20 or more, the cost is little if any more
because of the material required for extra gates and risers in sand castings. Centrif-
ugal mold cost is only about 15 per cent that of a comparable forging die. Generally
the cost of a permanent metal die for centrifugal casting can be justified by as few as
10 or 12 pieces, although customarily such a die is not made for fewer than 25 or
30 pieces.

Typical Examples.—The bushings for Hamilton Standard propellers were for-
merly sand cast of beryllium copper with serap running as high as 30 per cent. Perma-
nent mold castings did not prove feasible. Scrap has been almost eliminated by use
of aluminum bronze centrifugal castings of tapered hollow bushings.

In another case, several hundred bronze rings, about 45 in. outside diameter, and
20 in. inside diameter and 3 in. thick, originally specified as forgings were found to
have satisfactory physical properties when centrifugally cast. Die costs would have
been high for the comparatively few forgings required. Another gain was less time
required to get delivery.

Permanent Mold Casting
Size limitations:
Largest permanent mold casting produced, 20 X 16 X 34 in., weighing more than
100 Ib.

Smallest permanent mold casting produced weighed less than 1 oz.

Minimum tolerance, all dimensions:
e o T L +0.010 in,
Over 5in..... T T A A R Add 0.001 in. per in. of length
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Undercuts:
Omit wherever possible, but, if unavoidable, they can be produced through use of
collapsible metal core or, if that is impractical, by use of baked sand core.

Section thickness, MinIMUM. ......o0vivnniine it ies s sess 0.085 in.
Cored holes, minimum diameter............... ... 0000, 0.25 in.
Draft angle, minimum................ . ... ..o e 0.5 deg. per side
Inserts, steel or cast-iron inserts practical
Cast threads, not practical
Aluminum Die Casting
Hize limitations:
Maximum practical over-all dimensions. .. ... ...........cuuieiiieiiiiineirnannrnaaanans 38 X 12 X 9 in.
(Few aluminum die castings exceed 25 in. in length)
Largest produced:
L s s e e PR R B B A B4 > 12 % 1in. (14 1b.)
(Die-cast dog used as trade-mark on Grevhound huses)
S . S 101b. (12 X 10 X 20 in.)
(Die-cast cases for Leeds and Northrup instruments)
Section thickness:
Tarpe eambingm, PUDIINI, . covos v v e s mosse s owmisos e s s s ds e @ e dws s s 0.085 to 0.10 in,
Small castings less than 8 in. length or width. .. . ... .. ... iiiiiiiiiieiiiiirnniss, 0.050 to 0.065 in.
Avoid abrupt changes in wall thickness.
Dimensional tolerances:
Inany one dimenmion. . ... ......uuenninniieanonine o ianae e st e antan ey +0.0015 in. per in.
{Frequently less by trial and error)
Perpendicular to parting line:
Large castings, .,..... R AT S, o 78 kg o o BB e S A g A A B —0.00 to 40.010 in.
Bl cas O, . ...t e e e a e et e n e ns —0.00 to +0.003 in.

Between points formed by removahle part and die, tolerances are the eame as thau across parting line,

Cored holes:
Minimum diameter of cored holes. ........... .o e e 0.090 in. approx,
Length limit for through holes and blind holes:

Diameter Length limit Dinmeter Length limit
Under Mgin...........................| 3diameters |Over ¥ in.............................| 10 diameters
ToMin ............c.oocvvvvvvnnnn,..| Gdiameters [Largerholes......................... -.| No limit
Tolerances on through holes—small holes. ... .......... . ..o it i ianrsnns 0.001 in.

Closer tolerances on through holes must be obtained by reaming, uuhuleh-un;m 0.005 to 0.010 in. undersize.
Cores for internal threads—preferable to use threaded insert.

Draft allowanoces:
Rectangular core, oneachside. ..............c.oioiiiiniinninnnnnnn., Tl TR o R T T 0.008 in. /in.

Internal cores, in general, as in table below:

ArPROXIMATE DIAMETER

or HoLe AMOUNT OF DEAFT

Lessthan Yin..................... G T e R T R 0.015-0.020 in. on dismeter

RO LI o aes i inocmwie s e A O 0.010-0.015 in. on dismeter

Morethan lin................... e B N R 0.010-0.030 in. on diameter
(depending on size and design)

If no draft is permissible, ream or, unless hole is ahallow, use insert.

Bmall holes for tapping usually cast to root diameter of thread plus 15 per cent with standard draft sdded.
Inserts:

If strained, should be knurled on surfaces within casting.

Small pins, if subject to pull, should be both knurled and grooved.
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Finishes
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Alumilite finish best on alloy 218. Colored alumilite best in darker shades. May be plated with common plating
metals if desired.
Design to aid trimming:
Design part so that flashes will be in or parallel to main parting plane.

Cast threads:
Internal threads—bhest to cast threaded insert.

External threads—can be east and need only light chasing to finish.
COMPARATIVE RATINGS FOR DIE CASTING ALLOYS

Aluminum Mugnesium Zine
alloys, alloys, alloys,
Belection factor ASTM. Brete ABTM. ASTM.
Nos. 5, 7, 12 Nos. 12 and 13 | Nos. 21, 23, 25
Tensile strength 3 1 (strongest) 3 2
Impact strength 3 1 (toughest) 3 2
" ‘Elongation 4 1 (most ductile) 3 2
Mechagical | oo o onal stability 2 1 (most stable) 2 3*
Properties |  pesistance to cold Sow 2 1 (most resist- 2 3
ant)
Brinell hardness 3 1 (hardest) 3 2
Eleetrieal conductivity 1 (highest) 2 3 2
Physical Thermal conductivity 1 (highest) 2 4 a
constants Melting point 2 1 (highest) 2 3
Weight, per ou, in. 2 4 1 (lightest) 3
Ease, speed of casting 2 3 2 1 (easiest)
Maximum feasible size 1 (largest 2 1 (largest) | 1 (largest
feasible) feasible) feasible)
Casting Complexity of shape 1 (greatest 2 1 (greatest | 1 (greatest
character- poasible) possible) posaible)
istics Dimensional accuracy 2 3 1 1 (most
accurate)
Minimum section thickness 2 3 2 1 (thinnest)
Burface smoothness 2 3 2 1 (smoothest)
Die costt 2 3 2 1 (lowest)
Cost Production coat 2 3 2 1 (lowest)
Finishing cost 3 2 3 1 (lowest)
Cost per piece} 2 3 2 1 (lowest)

* Through the use of & low-temperature annealing treatment, alloy 23 can be made virtually stable in dimensions.
t Dies for casting the low melting point alloys are least expensive and have longest life.
{ Includes polishing and buffing expense as well as ease of applying all types of commercial finishes, both electro-
deposited and organie.
§ Based on die, material, and fuel costs, production speed, and machining and finishing costs.
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THE DESIGN OF DROP FORGINGS

Most metal forgings are made from bar stock wherein the lines of the fibers run
parallel to the axis. Best forging results are obtained when the forging pressure is
applied along the axis of the bar, which will compel the metal to flow with least distor-
tion of the fiber lines. When metal is compelled to flow in a direction perpendicular
to the lines of the fiber by means of pressure applied perpendicular to the flow lines,
as in raising a boss on a flat plate, the metal will not be as strong, especially in its
resistance to impact loads. An even worse condition is created when the metal is
compelled to flow at an angle to the direction across the grain.

The accompanying figures illustrate flow conditions in forging bars or plates.

Forging pressure Forging pressure

= oy ML
—
B - Y
Hest forging condition, Raising & boss in this manner Worst condition is
weakens the metal. when s boas is thrown up

on & plane making an
angle with the flow lines.

SEE® o
Velurme curve Incurrt:f tVolume curve
3 design
: bl

To assure best forging conditions, a curve of volurpes, such as above, should be
plotted. This enables the designer to visualize quickly and accurately the flow con-
ditions that will exist in the forging operations. Thus to the left is the volume eurve
obtained from & poor design as indicated by the abrupt changes in volume. To the
right is shown the same design corrected so that the volume curve changes smoothly.
Smooth changes in volume also indicate a design that is most economical to forge.
Poor flow conditions will cause an excessive amount of flash, thereby necessitating an
cxcessive number of forging blows, which favors the formation of cold shuts, the metal
not filling the die cavity. Cracks and other defects are also likely to result if the dis-

tribution of the metal around the neutral axis is

////////// ///% mﬁrﬂm upset forgings, the bar stock is rough upset

o2 F £ o Faw agd is um.@ly so proportioned that the upae?. ratio on the
> diameter will be 1} to 2, the length upset ratio usually 2 to
=2 24, with 3 as a maximum. If it is greater than 3 diameters,
the bar will usually buckle. However, length upset ratio may
exceed 3 diameters, but the die and operation costs will be
*- Gripping diie greatly increased.
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STANDARD TOLERANCES FOR FORGINGS UNDER 100 LB. EACH*

Tolerances shall be either “special” or “regular.”” Special tolerances are those
which are particularly noted in the specifications and may state any or all tolerances
in any way as occasion may require. Special tolerances apply only to the particular
dimension or thing noted. In all cases where special tolerances are not specified,
regular tolerances shall apply.

Regular tolerances are divided into two divisions, “ commercial standard” and
“close standard.” Commercial standard tolerances are for general forging practice,
but when or where extra close work is desired involving additional expense and care
in the production of forgings, close standard may be specified. Close standard may be
specified for one or more of the following classes. When no standard is specified,
commercial standard shall apply.

Classes
Regular tolerances are applicable to the following classes:
1. Thickness.
2. Width: (a) shrinkage and die wear; (b) mismatching; (¢) trimmed size.
3. Draft angle.
4, Quantity.
5. Fillets and corners.
THICKNESS TOLERANCES
(Inehes)
Nok weialibe vp PO, o B
L Minus Plus Minus Plus
0.2 0.008 0.024 0.004 0.012
0.4 0.009 0.027 0.005 0.015
0.6 0.010 0.030 0.005 0.015
0.8 0.011 0.033 0.006 0.018
1 0.012 0.036 0.006 0.018
2 0.015 0.045 0.008 0.024
3 0.017 0.051 0.009 0.027
4 0.018 0.054 0.009 0.027
5 0.019 0.057 0.010 0.030
10 0.022 0. 066 0.011 0.033
20 0.026 0.078 0.013 0.039
30 0.030 0.090 0.015 0.045
40 0.034 0.102 0.017 0.051
50 0.038 0.114 0.019 0.057
60 0.042 0.126 0.021 0.063
70 0.046 0.138 0.023 0.069
80 0.050 0.150 0.025 0.075
90 0.054 0.162 0.027 0.081
100 0.058 0.174 0.020 0.087

* Adopted by the Drop Forging Association, Feb, 11, 1987.
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Class 1. Thickness Tolerances

Thickness tolerances shall apply to the over-all thickness of a forging. When
applied to drop-hammer forgings, they shall apply to the thickness in a direction per-
pendicular to the main or fundamental parting plane of the die. When applied to
upset forgings, they shall apply to the thickness in a direction parallel to the direction
of travel of the ram, but only to such dimensions as are inclosed by the die.

Class 2. Width and Length Tolerances

Width and length tolerances shall be alike and shall apply to the width and/or
length of a forging. When applied to drop-hammer forgings, they shall apply to the
width or length in a direction parallel to the main or fundamental parting plane of the
die, but only to such dimensions as are enclosed by and actually formed by the die.
When applied to upset forgings, they shall apply to the width or length in a direction
perpendicular to the direction of travel of the ram.

Width and length tolerances shall consist of three subdivisions:

Class 2a. Shrinkage and die wear tolerance.

Class 2b. Mismatching tolerance.

Class 2¢. Trimmed size tolerance.

Class 2a. Shrinkage and Die Wear

Shrinkage and die wear tolerances shall apply to that part of the forging formed
by a single die block only. They shall not apply to any dimension crossing the part-
ing plane. They shall be the sum of the shrinkage tolerances and the die wear toler-
ances as given in the following table. The shrinkage tolerances and die wear
tolerances shall not be applied separately, but shall only be used as the sum of the
two. They shall not be so applied as to include draft or variation thereof.

SHRINKAGE PLUS DIE WEAR

{Inches)
Lﬁg:‘ﬂ"; Commercial, Close, Net weight | Commercisl, Close,
% bs plus or minus | plus or minus up to_lb. plus or minus | plus or minus
1 0.003 0.002 1 0.032 0.016
2 0.006 0.003 3 0.035 0.018
3 0.009 0.005 5 0.038 0.019
4 0.012 0.006 ) 0.041 0.021
5 0.015 0.008 9 0.044 0.022
[ 0.018 0.009 11 0.047 0.024
For each For each
additional 0.003 0.0015 additional 0.003 0.0015
inch add 2 Ib. add
For example: For example:
12 0.036 0.018 21 0.062 0.031
18 0.054 0.027 31 0.077 0.039
24 0.072 0.036 41 0.002 0.046
36 0.108 0.054 51 0.107 0.054
48 0.144 0.072 71 0.137 0.069
60 0.180 0.090 91 0.167 0.084
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Class 2b. Mismatching Tolerance

Mismatching is the displacement of a point in that part of a forging formed by
one die block of a pair, from its desired pomtlou when located from the part of the
forging formed in the other die block of the pair. Mismatching does not include any
displacement caused by variation in thickness of the forging but is only the displace-
ment in a plane parallel to the main or fundamental parting plane of the dies.

Mismatching tolerances are independent of, and in addition to, any other
tolerances.

MISMATCHING TOLERANCE

: . Inches tolerance
Net weight up to—Ib. P Close
1 0.015 0.010
7 0.018 0.012
13 0.021 0.014
19 0.024 0.016
For each additional 6 Ib. add 0.003 0.002
For example:
37 0.033 0.022
55 0.042 0.028
79 0.054 0.036
97 0.063 0.042

Class 2¢. Trimmed Size Tolerances

The trimmed size shall not be greater nor less than the limiting sizes at the parting

plane imposed by the sum of the draft angle tolerances and the shrinkage and die
wear tolerances.

Class 3. Draft Angle Tolerances

Draft angle tolerances are the permissible variations from the standard or nominal
angle of draft.

DRAFT ANGLE TOLERANCES

For Drop-hammer Forgings
(Degrees)
Nominal | Commercial Close
angle limits limits
T 7 0-10 0-8
Inside holes and depressions. .. ......................... 10 0-13
7 e, 0-8
For Upset Forgings
Nominal | Commercial Close
angle limits limits
(0 e o e G P 3 0-5 04
Inside holes and depressions. . .................co0000... 5 0-8 0-7
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Class 4. Quantity Tolerances
Quantity tolerances shall be the permissible over, or under, run allowed for each
release or part shipment of an order. Any shipping quantity within the limits of
over, and under, run shall be considered as completing the order. Commercial and
close tolerances shall be the same amounts.

QUANTITY TOLERANCES

Number of pieces on order Ov‘ermn Um.jem

pieces pieces

1- 2 1 0

3- 5 2 1

6- 19 3 1

20~ 29 4 2
30— 39 5 2
40~ 49 6 3
50~ 59 7 3
60— 69 8 1

70~ 79 9 4
B0~ 09 10 5

Per cent | Per cent

100- 199 10 5.0
200- 299 2 4.5
300~ 599 8 4.0
600~ 1,249 7 3.5
1,250~ 2,999 6 3.0
3,000~ 9,999 5 2.5
10,000~ 39,999 4 2.0
40, 000299, 999 3 1.5
300,000 up 2 1.0

Class 6. Fillet and Corner Tolerances

Fillet and corner tolerances apply to all meeting surfaces even though drawings
and/or models indicate sharp corners, unless such drawings and/or models have or
indicate (even though actual dimensions are not specified) fillet and/or corner dimen-
sions of larger radii than the following standards, in which case such actual or indicated
larger dimensions shall be considered as actually specified and the tolerances shall be
special tolerances.

Fillet tolerances apply to inside corners and edges in all cases in which surfaces
meet at an angle less than 180 deg.

Corner tolerances apply to outside corners and edges in all cases in which surfaces
meet at an angle greater than 180 deg.

When a corner tolerance applies on the meeting of two drafted surfaces, the
tolerance shall apply to the narrow end of such meeting and the radius will increase
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toward the wide end. The total increase in the radius will equal the length of the
drafted surface in inches, multiplied by the tangent of the nominal draft angle.

The radii of fillets and corners may be any value not greater than those given in
the following table.

FILLET AND CORNER TOLERANCES
(Radii in Inches)

Net weights up to__Ib. | Commercial | Close
0.3 344 364
1 44 Ms
3 542 64
10 He 342
30 Y42 Y64
100 LA %

FLAME-CUTTING DATA

Scope and Limitations

Thickness That Can Be Cut.—Any commercial thickness of steel plate and slabs
up to about 12 in, thick.

Contours.—Straight lines, circles, or any irregular shapes, provided inside radii
are not less than 4 in., can be flame cut by machines.

Width of kerf, or metal removed, varies with thickness of plate as follows:

THICKNESS OF ArrroxiMaTE WiDTH
PraTe, In. or Kerr, In.

Y3 Ms
14-2 342

2-6 b

6-9 He

9-12 M

Effects of Flame Cutting

Steel containing less than 0.35 carbon can be cut without taking any special
precautions. In general, steels that are satisfactory for fusion welding can be flame
cut without causing any difficulties. Higher carbon steel will have a thin layer of
hard steel formed on the flame cut surface. Preheating or reheating after flame
cutting will prevent or eliminate the hardened surface.

Identical parts can be produced most economically by stack cutting or multiple
cutting.

Cutting Speed.—Approximate cutting speeds range from 2 ft. per min. for sheets
up to }§ in. thick, to 21 in. per min. for }4 in. thickness, 16 in. per min. for 1 in. thick-
ness, 12 in. per min. for 2 in. thickness, to 3 in. per min. for 12 in. thickness.

Tolerances.—Squareness of cut can be held to 42 in. for plates 6 in. thickness.
This will be affected greatly by size of tip, gas pressure used, and other factors.

Reference Literature.—For a detailed discussion and data see Chap. 16, “Weld-
ing Handbook,” 1938, published by the American Welding Society.
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POWDERED METAL PRESSINGS

Design Factors

Formability.—Direct pressure must be applied to the entire cross section of the part when mold-
ing. The amount of pressure required to obtain a required density in the compressed compact
depends upon the malleability of the metal powder used.

Powdered metal materials have almost no lateral flow in the mold in response to pressures
applied axially, therefore reentrant angles cannot be molded in the compact. If reentrant angles
are required at planes normal to the axis, they must be machined to shape by conventional methods.

Hot pressing may be resorted to as a means of obtaining solid, pore-free compacts. With this
method, however, the operation is slow, also die and maintenance costs are higher,

Size and Shape Limitations.—Capacity of press available determines the maximum eross-sec-
tional area that can be compacted. Pressures for compacting vary from 30 to 60 tons per sq. in.

The working stroke of the press, the compression ratio of the powder selected, and the density
required all determine the length of part that can be compacted. Compression ratios range between
2 to 1 and 20 to 1 for various metal powders. Length is limited by minimum density desired because
frictional losses prevent the compacting pressure from being uniformly transmitted throughout the
depth of the mold.

Bhapes are confined to simple contours without undercuts in surface parallel to the axis,

Dimensional Tolerances.—Possible to hold very close tolerances in cross-sectional dimensions.

Tolerances in axial dimensions must be more liberal than those in cross sections, because all
the variables add up in the length of the briquette or the sintered piece,

Tolerances for concentricity depend largely upon the clearance that must be provided between
the force and the mold, since this clearance is likely to be all on one side when the compacting pressure
is applied. Eccentricity can be corrected by operations subsequent to sintering, such as swaging or
rolling, but this means additional cost.

Physical Properties.—Tensile strengths depend upon unit pressures employed to briquette the
powders, the length of heat-treatment, and the care exercised in control of powder.

With heat-treating and quenching, it is possible to produce from alloy powders, gears that have
higher strength, wear, and impact resistance than case hardened low carbon steel.

Strength and density may also be improved by re-pressing or cold-working if the sintered piece
is sufficiently malleable.

Design Advantages.—Parts having selected properties can be made. Two or more metal pow-
ders can be used to produce alloys which retain proportionately the individual characteristics of each
constituent. Many special properties can be obtained by incorporating nonmetallic ingredients
with the metal powder, but this reduces strength.

Economical for the production of parts which if made by other methods would involve con-
siderable cost for machining operations in comparison with the cost of the material, or where scrap
losses would be high. The more complicated the machining required by a piece made by other
methods, the smaller the quantity that would have to be produced from metal powders in order to
carry the expense for tools and equipment,
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PARTS MADE FROM METAL POWDERS
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