THESIS

DESIGN OF A 10 TON OVERHEAD
TRAVELING CRANE

BY
G. W. QUICK. L. A. PRATT

1917







TESIGN OF A I0 TON OVERHEAD TRAVELING CRAKE.

A Thesis Submitted to
The Faculty of the

MICHIGAN AGRICULTURAL COLLEGE

By

N \:
hY

7 P

G W Quick LeA Pratt
Spee—

Candidates for the Degree of

Bachelor of Science.

June, I917.



THESIS



SPECIFICATIONS .

Electric overhead traveling crane,;
Cage operated;

Capacity--10 tons;

Span--22"';

Maximum li’t--12';

Fish-belly box girdery;

Speed of hoist--25'=-75"'per min)
Speed of trolléy--I00'-I50' per min.;
Speed of bridge--250-300!' per mine;
Source of power--500 volts A«Ce

MOTOR SIZES.
HOIST MOTOR:
Rfficiency = gear eff. x sheave eff. x motor eff. x drumfefte
T <96 x «96 i.96 X ¢96 x ¢85 x 90 3 <65 or 65%.
Speed of hoist = 25'-75' per mine.
H&P. = 10 x 2,006 X 25/33,000 x <65 2 2HJPe
BRIDGE MOTOR.
Assume diae of wheels = I8"
Assume wt. of trolley = 6,000#
Total load = 2,000# plus 6,000# = 26,000
Speed of travel = 250'-300' per min.

HePe = 165(42,000)(+002 plus «08 x I.5)300/33,000 x 9 = 9
Use IOCH..P.

TROLLEY MQOTOR e
Assume diae. of wheels % I2°"

HePeo 2 125(26,000)(+002 plus «08 x 1)150/6 x 33,000 = 2,02
Use 4 HPo
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GEARS «

HOIST GEARS .«

lotor hBed--20 HeP e==550 RePdMe

4 rope hoiste

Tuerefore, 20,000/4 = 5,000 on each ropes

Mean speed of lift = 50' per mine.

®nds of rope winding on drwn must travel 2 x as fast as the
pulley block or 2 x 37 & 75" per mine

Best rope to use = 9/16* diae--6 strands --37 wires euche.
(Kents hand book

Dis. of drum to be used = (24-30)x diae of rope =
28 x 9/16 = 15.8 Use 16" drume
301416 x 16/12 ® 4+2' cire of drum.
100/4.2 2 24 RPafe that the drum must have to give a 1ift
of I00' per mine
RePeMe of motor = 550

A B c D R
Lock all X X X X
Lock R XDB/CA  -XD/C -XD/C X 0

Totale X plusXBD/CA
Therefore X plus XBD/CA = 550 (Bq. I)
Assume diae A = 4"

Assume dia B = 6"
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Assume dia. C a 4"

Assume dia. D = I4"

Subste in Eg. I X(Iplus 6 x 1444 x 4) = 550
X2 I04 ReP Mo

Assume dia. P = 18"
(104-24)/24 = 18/x
XS 55" diae of Re.
Diae B 2(18-5.5)/2 = 63"
Therefore,
Gear A = 4" in diae.
L] Be= 6' " L
"

:‘I [ L}

" 814. LJ [ ]

=6*l LJ L
818' n "

" R s 5’5“10 "

=
g W Y Qa

Gear A.
Assume D.Pe = 6 P.De 2 4" DNoo teeth = 6 x 4 & 24.
Speed of pitch cire 3 31416 x 4/12 x 550 = 580' per mire.
Torque = 33,000 x HE<Pe x I2/(2 x 31416 x ReP Mo

33,000 x 22 x 12/(2 x 3.1416 x 550) = 2,520%,"
Let W = wte on tooth a 2,520/2 = 1260#

Lewis formuls,

b = V/tpy
W = I2604
f & .0955
y = 1300 (for steel)
P = 3.1416/6 2 <525
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b= 1260/.0955 x I300 x <525 = I.96"
Use 2" 23 width of face.

Gear Be.
PDe 2 6"
Width of face = 2"
D+Pez 6
Noe. of teeth = 6 x 6 = 36
Gear C
Assume D.P. = 6 P.D. = 4%
Ko. of teeth = 6 x 4 2 24
RePMe of B 2 (X=XD)/C = (7575 x 14)/4 = 339
Speed of pitch cire B 3.I416 x 263.12 = 355' per min.
y = .095°

£ = 11,500 (for steel)

1

p 3 3.1416/6 = .525

ba W/fpy = 2390/1,500 x 0955 x «525) m 4.I% Use 4"
Gear D

PeDe = I4"

DPez 6

Width of face a 4"

Noe of teeth = 6 x 14 = 84
Gear R

PJD. 2 5¢"

DPoe = 4

Noe. of teeth % 4 x 5§ & 22

¥ = 6100

Speed of pitch cire. = 3.14I€6 x 5% x 100/1I2 = 202' per mine.

y® 093
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2 15,000 (for cast iron)

3.1416.4 = .78
610CA.093 x +78 x 15,000 = 5.6 Use 5"

Gear E
PeDe u 63"
DePe = 4
Noe. of teeth = 4 x 63 » 25
Gear F
P.Ds = 18"
DeoPe = 4
Noe.of teeth = 4 x 18 = 72
Width of face I 5§
TROLLEY GEARS.
RePde of motor = 940
RP.M of wheel shaft = ¢
Assume dia of wheel & I2"
Cire of wheel = 3.I4I6 x I2/I2 = 3.I416'
Meen travel speed 2 125' per mine.
125/3.1416 2 40 R~PM. of wheel shafte.

3/14 = X.940
X 2 20I RePeMe of B and Ce

I4/y = 201/40
ye 23 Use 2.666"




. . ~ [} - ~- -0 . v
7] ] ti - . . ) Y . 2
4 4 . . « b -
.. [ -~ « “ ’
. n n b 1] (R} -
b . . .4 c .
- . e . z o\
t - - - - <

1 N

A 3
e 11 I
. -
. .
-4

. -
. .
. - ~
[ ol
. 5
~




Gear A
T = 33,000 x I2 x 4/940 x 2 x 31416 = 270"
Material used ----cast iron.
270/15 = I180# or W
D.P.2 5
P.D, = 3"
S peed of pitch cire ® 31416 x 3 x 940/12 = 740" per min.
y = -083

£ u 3500 (for cast iron)

P = 3.1416/6 = 525 |

T = I80/B500 x +083 x «525) = 1.19 Use I{" as width of A.
Heayr B

PeDe = I4°

Width of face = I"

Torque = IBO0 x 7 I I260%

DePe = 6
Gear C

PeDo = 24666"

W w 1260/14333 2 915#

RePeMe 2 about 200

Speed of pitch cire = 31416 x 26666 x 200/I2 = 140' per min

f = 7,000 (for cast iron)

Noe. of teeth B 2,666 x 6 8 16

y = 077

Pe 525

b » 915/(7,000 x <077 x «525) ® 3.2 Use 3"
Gear D

Width of face = 3}
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DePe = 6
P.D. =14
FRIDGE GEARS
Dia. of bridge wheels = IE"
R.PMe of wheel = 275 x 12/3.7436 x 18 = 5845 Use 5€ R.P.M.

A Assume:

D=16",C = 6" and A = 3"

Let X = RPeM. of mein shafte.
58/x & €/16
X = I55R.PNe

AfB - 1£5/800
4/B = 155/800
R = 20" dies of gear B.
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Gear A.
T = 33,000 x 1" ~ 4/2x 3.1416 x 800 - 763"#
793/2 = 396 or W.
Speed of pitch circle = 3.I4I6 x 4 x £00/I2 = 840' per min.
F - 3000(for cast iron)
y = +096
P = 525
Assume D.P. = 6
P.D. = 4
Noe of teeth = 24
b = 396/+0956 x +525 x 3000 = 2.6 Use 2-1/2"
GearB.
Width of face = 2-1/2"
DePe = 6
P.D. = 20"
Torque = 396.5 x 10 = 3965"#
Gear C.
D.P. =6
P.De = 6
No.of teeth- 36
Speed pitch oircle= 155 x 3.I4I6 x 6 = 244'per min.
5300 (for cast iron)
«106
3965/3 = 1322f
= +fef

1322/+106 x o575 ¥ 5300 = 4+45 Use 4-1/2"

L =2 < i J

Gear D.

Width of ©-c- = 4-1/2
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P.D. = 16"
D.P. = 6
No, of teeth = 96

SHAFTSand PINS.
HOIST GEAR PINS.

Pin for Gear B and C. or A.

Check for torsione.

T =" P x 31416 x d¥16

3780 x 16/ 15,000 x 3.14I6 = d’= I.3

d = I.I Use I-1/4" pin.

Checked safely for shear and bending.
Pin Be

Torsion on drum G = 6100 x 9 = 54,900%#

54,900/5.875 = 9356f
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10

¥ = PL/4 = 9350 x 7/4 = 1563504
% = ®T/e = .098D3
pd 16350/.098 x 8000 = 2.08

D =I.255 Use 1-3/8"
HOIST MOTOR SHAFT.

Pencirg

1% PL/4 = 10,000 x 23/4 = 57,500
D—3 = Me/pI = 57,500/13000 x +098 2 45
D- 3.1 Use 3"

Checked for torsion and sheare.

Small and of hoist motor shafte
Torque = 1260 x 2 = 2520"#

T = pex 3416 x /16

4 = 1.157 Iyse 1-1/2"

TROLLEY WHFEL SHAFTS.
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Bending.

N = 6500 x 12-1/2 5 31, 250"%

Mepx .098D°

I’ - 81,250/8000 x +098 = 1044

D e 2.2% Use 2=1/4" shaft.
TROLLEY GEAR: RINS.

- Pin for gear B and Ce.
Torsione.
T - p x 31416 x /16
D= I126A50x 3.1416) = o8
D= «93  Use I" pine.
Checks safely for shear and bending.
| Pian for gear Do

Tortione.
T = 915 x 7 = 6405
6405 = 8000 x 3.1416 x D /16
F- 4.08
Daleb Use I-I/2" shafte

MAIN SHAFT ALUNG RRIDGE.
Torque = 3%6.5 x I0 = 3965"#
T - p x 3.1416 xD/16

p = 4000f because of the shaft being so long we use an extra
large factor of safety.
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D36 3965 x 16/( 4000 x 3.1416) = 5
B - about 2 Use 2-I/2" shaft
BRIDGE WHFFL PINS.

Bendinge.
W= PL/4 - 16,000 x II-1/2/4 - 46,000
D3 46,000/8000 x +098 = 58
D - 3.8 Use 3-3/4" pin.
WHEELS .
BRIDGE WHFELS
Dia. of wheel assume &s 18"
Let b - breadth of wheel.
b = W/500D - 16375/500 x 18 = 1.85 Use 2"
Use a 40# rail.
TROLLFY WHTELS .
Assume dia. - I2"
b = 6500/500 x 12 = I3/I2 = I.I" use I-3/4"
Use a 25# raile.
DRUM







R - radius of rope + I/32 = 9/I6plus 1/32 - 19/32"
a = 3/16"

P - 2R plus a - 2 x 19/32 plus 3/16 = 1-3/8"
Distance between centers of pulleys in sheaf-& 5"
t §15/16 plus 3/8 = I5/16"

1316 x1I 3/8plus 3 plus 2 - 27

NOTOR FRANE «

Section in square hollow cross sectione

¥ = PL/4 = 13000 x 37/4 = 120,000
d/e = 1/6}3(33‘2174 )/

120,000 = 4000(5te! 9/63

B2 8

=7

BRIDGE DETAILS.
ERIDGE GIRDER «
Take deflection +025" per fte spane

6750# weight of girder.

13
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6000# wte of trolleye.
20,000fwt+ of live doad

33754#== wte of 1/2 girderD.Le

3000#-= wte of I/2 trolley.

10000#-- wte of I/2 live load.
16,375#-= wheel load on bridge wheels.

3000#--wt. 1/2 troley.
10000f--wte I/2 1ive loade.
13000#--wte on bridgeedue to Tele and L.Le

13000/2 3 '6500#--trolley wheel load.

Fer shear on ende

6500 plus (6500 X 18.92/22) - 12000#

22-3.08 = 18492

Calculated from section wte of one girder about equal to dead
loed = 13500/2 - 6750#

6750 plus 12100 - 18,850#

Web area = 18,850/10,500 = I+8 sqe ine

Flange areae

A - ¥/8d
A - area of one flange which is in tension or compressione.
M - bending moment in ine lbse.
S = allowable stress in lbs. per 8ge ine This must be

allowable average stress at extreme fibre and equals I2,500#
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¥ = 10,850 x 3,922A30.75 x 12) = 115,500'#
11,550'#
103,950'#

allow 10% for rivets

¥r

15
d = effective depth = 30e5-4 = 26.5"
Therefore the working strees = 12,500 x 26.5/30.% - 10,8504
per sq. ine
= L
Assume section and check for resisting moment of girdere.
M - FI/C Ixx “= Ig plus oF
I, for 14" plss 2.2( +02 plus 15.375 x 35)= 1,640
I, for 30" plse = 2(562.5) = I.125
I, for Angles = 4(I.8 plus I4.14 plus 1.44)=1,157
Total I = 3,922
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¥ra.
R, = 13,000 x 10.2/22

= 5,020#

therefore ¥ = 6,030 x I0es2 = 6I,600'#
¥(D.Ls) at center = I/8 x 13,500 x 22 x 10.2/11 =
34,500'#

61.600 plus 34,500 = 96,7100'# or I,158,000% total M.

This moment checks very closely to the resisting moment of
the beam takene.

A - 1,158,000/(10,850 x 264+5) = 4403 sq. ine

Allow I/8 of web as required area.

Web area = 2 x 30 x 1/4 = 15 8qe ine

1/8 x 15 = 187

2 angles = 3¢5 X 295 x +25 = 2.85
I web plate = I4 x 25 = 3¢5

Total = 8.25
Deduct for rivet holes .88

Remaining area = 7437 sqe ine.
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Check for bendinge

¥ = W/81(1-a/2] plus 61/8 plus wte of motor x 1/4
= 26,000/(8 x 264) x (264= 37/2) plus 18,000 x
& 264/(2 x 8) plus 800 x 264/4 = 90,100'#

RIVETS .

Rivets are in double shear; the allowable shearing fibre str-
ess is 9,000 per sqe ine

Snearing value = 1094 x 9 = 9,820#

Bearing value = 656 x 9 = 5,900#

Therefpre it is evident that the rivet will stand 5,900#
pressure, this being the lower of the two values.
BRID GE TRUCK GIRDER.

RBridge wheel base of 10' 6"

Maximim wheel load is 16,375#

Bending moment ¥p = 16375 x 37 = 605,000%%
Fibre stress - 10,850# per sq.”
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Assume section as shown in figure and check by findirlxg
resisting moment, I,
Two IO" channels at 20# == 150" - 300
Moment of inertia for fléts neglected.
Arvea flats x W= ( 2 x I0 x +25) x 5125 = I131.3
Total = 300 plus I3i.3 = 43I.3
Section modulus = I/e = 431.3/5.25 = 82.2
Mp = 82.2 x 10,850 - 892,000"# which is enough over the
bending moment to allow for riveting and overloade.
CRANE BLOCK »
SHEAVE .
d=idia. of rope = 9/I6""
R = d/2 plue I/32 = 9/32 plus 1/32 - .312"
a =I5 == 2d
1.75 x 9/16 = «988  Use I*
d/3 plue 3/16 = 374 Use 3/8"
d/6 plus 3/I6 = .2199"
PULLEY BLOCK SIDFS

a

b

c

Load on one side = I/2 x 20,000 = 10,000#
P = 10,000#
Assume p = 8,000#
A = P/p - 10,000%/ 8,000 = I.25 8qein. Area in shear.
Assume thickness ( t ) = 3/8"
Therefore 3/8 x 2X = 1.25
X = 4x 1e25/3 = 1.67 Use 1-3/4" p1ys

radius of hook pin as radius for metal below hook pin center.
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HOXK
Crane hook of soft steel forging

The following points to be observed;
1. The point of the ﬁook to be carried well up to prevent
the sling from slipping off the hook.

2. Por chatn slings , & = d=-- I<5d

d = chain dia.

a = radius of the inside circle of the hooke.

Design the hook to carry 20,000#

Allow 8,000 fibre stress per sqe. in. on the section at the
root of the screw threads and 12,000# per sq. in. on the
extreme fibres as a result of combined tension amd flexure.

P/p = 20,000/8,000 = 2.5 sqeine.

R“eferring to table of standard screw threads. A bolt 2-1/4"
in dia. will be required.

dp = I1e25d iz I.25 x 2.25 = 2.81  Use 23"

Now coneidering the section of maximum bending a = 25/

Taking h = 2¢5 x a = 5.25"

dy - 6.25/1.33 = 43"

v1/02 =(h/a) plus I = 2.5 plus I = 3.5

C by tables for trapezoidal section is 5.06

Therefore b1 = P/(p x a x C) = 20,000 x5.06/(12000 x 2.5) 'z
337"
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b2 = 337/3.5 = «963  Use 1"
SWIVELLING CRAN® HOOK WITH TRULNION SUSP®.SIUN

Hoox to carry load of 20,000#

Balls---P = Kd° K - 4,200

P = 20,000/30 = 66646

a%. 66646/4,200 d = +399 Use 7/16°

Bolt diae. thru trunnion = 2¢25 x 1¢I25 = 2.51 Use 2-1/2"
TRUNNION

Assume the load and width = 8 - 2 « &%

X = PI/e

M - 20,000 x I0/4 = 8,000 x bh/6

since C/e = bh2/6 n® = 20,000 x 10 x 6/(4 x 8,000 x 4)

h = 304 Use 3"
TRUNNION BEARINGS .

On the assumption of I500# per sqe. in . the projected should
be 10,000/I500 = 666 8qe ine

If the journal is now assumed as having a width equal to its
diae. the diae. will be determined for stireugth as a cantilever
as follows;

M = PI/e

= 10,000 x d /2 for a circle I/e = 3.1416d}32 or

approximately d3/10

Taking P = 8,000# per sqg. in.

¥ = (10,000 x d)/2 =(8,000 xd3)/10

a® = 10,000 x 10/( 2 x 8,000) =2.5°
The area 2.5 x 2.5 = 625 8q. ine., checks very closely to

6 +€6 8qe ine.




it

it













STD THUS,

,,BATus;g"g

HooK |
/FEQR. 11.5.
THESIS
10 ToN 9 ET.C.
HoOK DETAIL _rp
i

BY
Quit K PRATT

TRTE JUNEITIT |

o oy







e e A ———— . — =















i

—~—

E

—A
I“\
n
.
.ﬂ’/Al‘ﬁﬂ RERM 1%
STR. KEY WAY /{x;—’z
Note .
4 TEQD. 6.T
g T HESIS -
10 ToN 0.ETC
TROLLEY WHEELS
e — A
3Y -
| quick PRATT

BATE JUNE I9IT

e b At A TR RAE e ) a0 of A

































RooI use ¢

LY

\,
v:‘*;
A
e
[N
")
'y
i




e %

e e



MICHIGAN STATE UNIVERSITY LIBRARIES

LR




