SOLUTION (10.8)

Known: A jack uses a single square-thread screw to raise a known load. The major
diameter and pitch of the screw and the thrust collar mean diameter are known.
Running friction coefficients are estimated.

Find:

(a) Determine the thread depth and helix angle.

(b) Estimate the starting torque for raising and lowering the load.

(c) Estimate the efficiency of the jack for raising the load.

(d) Estimate the power required to drive the screw at a constant 1 revolution per
second.

Schematic and Given Data:

Load Single square-thread screw
SO kN d=36 mm
L;_Tip gc = 681:)1m
/ = miImn
f — —
=R
/ c =Y.
. /= =
—
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Assumption: The starting friction is about 1/3 higher than running friction.



Analysis:
(a) From Fig. 10.4(c),
Thread depth = p/2 = 6/2 = 3 mm |
From Eq. (10.1),

A’ = -1 _.L_. = — _E_ =
tan . where dy, =d 5 33 mm
- 1_6 = 0
A = tan =(33) 331 |

(b) For starting, increase the coefficients of friction by 1/3, then
f =020,fc=0.16
From Eq. (10.4a),
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frdg + L
idy — fL

 Wfede

T 2

0.207(0.033) + 0.006
7(0.033) — (0.20)(0.006)

_(50,000)(0.033)
B 2

=215+ 320

= 535 Nem to raise the load |
From Eq. (10.5a),

(50,000)(0.16)(0.080)
2

L Wrede
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_ Wdy (fndm -L
2 \ndy+fL

0.207(0.033) — 0.006
7(0.033) + (0.20)(0.006)

_(50,000)(0.033)
B 2
=116 + 320

=436 Nem to lower the load n
(c) From Eq. (10.4a), with f =0.15, fc = 0.12,

(50,000)(0.16)(0.080)
2

(50,000)(0.12)(0.080)
2

_ (50,000)(0.033) 0.157(0.033) +0.006

B 2 7t(0.033) - (0.15)(0.006)

=173 + 240 =413 Nem

Work input to the screw during one revolution
=2nT = 2r(413) = 2595 Nem

Work output during one revolution

= We p = (50,000)(0.006) = 300 Nem

T

Workow _ 300
Work;,, 2595

Efficiency = =11.6% |



Check:
Torque during load raising with f =fc=0

(50,000)(0.033)
T= >

= 47.8 Nem

0+ 0.006
7(0.033) -0

+0

T(with zero friction) _ 47.8 =11.6%

Efficiency = Trnct =413
Check (partial):

Torque during load raising if collar friction is eliminated = 173 Nem

47.8

173 = 28%

Efficiency (screw only) =
(d) From Eq. (1.2),

W = nT__ (60)313)

= 9549 = 0549 - 20kW




SOLUTION (10.9)
Known: An ordinary C-clamp uses a 1/2 in. Acme thread and a collar of 5/8 in. mean
diameter.

Find: Estimate the force required at the end of a 5-in. handle to develop a 200 1b
clamping force.

Schematic and Given Data:

1/2 in. Acme thread
d. =5/8 in.
—
f#—5 in.—
Assumptions:
1. Coefficients of running friction are estimated as 0.15 for both the collar and the
SCrew.

2. The screw has a single thread.



Analysis:

1. From section 10.3.1, and considering that service conditions may be conducive to
relatively high friction, estimate f = f¢ = 0.15 (for running friction).

2. From Table 10.3, p = 0.1 in., and with a single thread, L. = 0.1 in.

3. From Fig. 10.4(a),

dp = d—%: 0.5 — 0.05 = 0.45 in.

o = 14.5°
From Eq. (10.1),

= a1 L _ 1_0.1
A=tant o= At s
From Eq. (10.6),
an = tan’! (tan o cos L) = tan’! (tan 14.5° cos 4.05°)
= 14.47°
(Note: with A =49, it is obvious that o, = o and well within the accuracy of

assumed friction coefficients)
4. From Eq. (10.4),

= 4.05°

fndm + Lcos o,
ntdpcos o, — fL

_ (200)(0.45) | (0.15)m(0.45) + 0.1(cos 14.47°) N (200)(0.15)(0.625)

2 10(0.45)(cos 14.47°) — (0.15)(0.1) 2
=1027+937=19.641bin. UseT = 201b in.

At the end of a 5-in. handle, the clamping force required = ? =41b |
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SOLUTION (10.10)
Known: Two identical 3 in. major diameter screws (single threaded) with modified

square threads are used to raise and lower a 50-ton sluice gate of a dam. An estimated
friction coefficient is only 0.1 for the screw. Because of gate friction, each screw
must provide a lifting force of 26 tons.

Find: Determine the power required to drive each screw when the gate is being raised
at the rate of 3 ft/min. Also calculate the corresponding rotating speed of the screws.



Schematic and Given Data:
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[ = l 1 [ ( = |
it — ’—‘E.__ i T d
=] . . [=—]

..':-.:-.:: = 3 in. major = ':-'."-'.ﬁ
e = diameter = e
P = = T
A = power screw == e
by — L,
it = el N yuta
'J'{n‘;.-' — | .J.';:::.f
Wi = _ —
ey =] — =01 IiTt
TATRg i
Pl e
TAnAe it
Lot r{ el
el her iy
T Fnsnp
wn iy r iy i
Trer Adn
[ 1 el o
tede oA
.%o ut e
LI 5 Fedns
T & L L)
H P 8 Faras
anfyu S el
e LTy
Rt YLy :
e rers V=3 ft/min
- L iwy
: s
- mnans

Lades

et s

D ey
SeieTer PR R, L
e :'.-.'--h' A s Aat,an 5:".:':.’:."-1’3:'3"'-'"'3:'31 SeArstyatyaty """:"."‘3"'}'.:'
L s O A Sl ol S Ak A LA LAY Ed L T A
-J'--F-J'-.F-JlJ'--'lJ'-J'l-F-'.'-.'-.’--'-.’--'-J-'.'-.‘-.'-.’-.r-.p-.r-.-..-'-"--.-..p-;

Assumption: Collar friction can be neglected.

Analysis:
1. From Table 10.3,

p=L =1/(1.75) = 0.571 in.
2. From Fig. 10.4(d),

=d-P_-3_0571 _ :
dm=d 5 3 ) 2.71 in.

and o = 2.5°
3. Since cos a = 0.999, use Eq. (10.4a):

_ Wdp,
2

frdp +L

+WdeC

T
2

_ (52,000)(2.71) O.Dmr(2.71) + 0.571 +

2 m(2.71) — (0.1)(0.571).
=11,8511bin. = 988 1b ft (during load raising)
4. To raise the gate 36 in./min with L = 0.571 in.
requires 36/0.571 = 63.05 = 63 rpm
5. From Fig. (1.3),

.. (63.05)(988)
W= 5752 = 11.9 hp say 12 hp

Therefore, 12 hp are required to drive each screw.

0




6.

Check:
Work output per gate = 52,000 1b (3 ft/min)
= 156,000 1b ft/min = 4.73 hp

—tan-l L —an-1_0.571 _ 0
A = tan — tan 261 3.84
From Fig. 10.8,

Efficiency = 40 %

4.73

Thus, Wrequired = 0.4

=11.83 hp



SOLUTION (10.19)

Known: In a given assembly, two parts are clamped together by a bolt. The ratio of
the clamped member stiffness and the bolt stiffness is given. the initial bolt tension and
the range of the fluctuating external load are also given.

Find: Draw a graph (plotting force vs. time) showing three or four external load
fluctuations, and corresponding curves showing the fluctuations in total bolt load and
total joint clamping force.

Schematic and Given Data:

(
N N | F.=0106,000Ib
%j = '/ k. = 6k,

{ F;= 1,100 Ib

Assumption: The bolt size and material are such that the bolt load remains within the
elastic range.

Analysis:
1. The total bolt load when an external load is applied is, from Eq. (10.13),
Fo = Fy + | JFC = 1100 + —L— (6000)
ky+k 1+6
=1957 Ib
k. 6
Fe=F - Fe = 1100 — = (6000)
kc+ kb 7

= -4043 1b, since -4043 < 0, F. = 0 1b and Fp = 6000 1b

2. When E¢ = 0, separation takes place: 1100 - ~,6/—Fe =F, = 0 and thus
F, = % (1100) = 1283 1b

3. With no external load: Fy=F¢.=F;



(a1) 90105 w10




SOLUTION (10.20)

Known: In a given assembly, two parts are clamped together by a bolt. The ratio of
the clamped member stiffness and the bolt stiffness is given. the initial bolt tension and
the range of the fluctuating external load are also given.

Find: Draw a graph (plotting force vs. time) showing three or four external load
fluctuations, and corresponding curves showing the fluctuations in total bolt load and

total joint clamping force.

Schematic and Given Data:

o !

NN

1 NN
/ E*J’///////

Fo =010 6,000 Ib
ke = 3ky,
F; = 1,100 b

Assumption: The bolt size and material are such that the bolt load remains within the

elastic range.

Analysis:

1. Using Eq. (10.13) for Fe = 6000 Ib,




Hw

_F ky, _ 1
= 2600 1b
k. 3
F.=F- Fe = 1100 — = (6000)
k. +ky 4
=-34001b

Since -3400 < 0, F; = 0 and Fp = 6000 1b

When F. = 0, separation takes place: 1100 - %Fe =F,. = 0 and thus
F, = .‘31- (1100) = 1467 b
ForF.=01b, Fp =F.=F;

Fp
6000 ———7 - 1~ 1
)
S5 1100
&)
g 0 NF
E
S 6000




SOLUTION (10.21)

Known: The cylinder head of a piston-type air compressor is held in place by ten
bolts. Total joint stiffness is four times total bolt stiffness. Each bolt is tightened to
an initial tension of 5000 N. The total external force acting to separate the joint
fluctuates between 0 and 20,000 N.

Find: Draw a graph (plotting force vs. time) showing three or four external load
fluctuations, and corresponding curves showing the fluctuations in total bolt load and
total joint clamping force.



Schematic and Given Data:

F. =01020,000N

Assumption: The bolt size and material are such that the bolt load remains within the
elastic range.

Analysis:
1. The total bolt load when an external load is applied is, from Eq. (10.13),
Fo=Fi + K Fe = [(5000)(10)] + L (20,000)
kb +k 1+4
= 54,000 N
k. | 4
Fe=Fi- Fe = 50,000 — < (20,000)
K+ Ky, 3
= 34,000 N
2.
60,000
54,000
50,000
Z 40000
8 34,000
£ 30,000
& 20000
10,000
0
Time —




SOLUTION (10.22)

Known: The cylinder head of a piston-type air compressor is held in place by ten
bolts. Total joint stiffness is four times total bolt stiffness. Each bolt is tightened to
an initial tension of S000 N. The total external force acting to separate the joint
fluctuates between 10,000 and 20,000 N.

Find: Draw a graph (plotting force vs. time) showing three or four external load
fluctuations, and draw corresponding curves showing the fluctuations in total bolt load
and total joint clamping force.

Schematic and Given Data:

F. =10,000 to 20,000 N

Assumption: The bolt size and material are such that the bolt load remains within the
elastic range.

Analysis:
1. Using Eq. (10.13) for Fe = 20,000 N,

K, ]
Fo=Fi+ Fe = [(5000)(10)] + —— (20,000
i kb+k) e = [( )(10)] 1+4( )
= 54,000 N
Fo = F — |—X| F, = 50,000 — 4 (20,000)
c—11 kc+kb e - y 5 3
= 34,000 N
2. For Fe = 10,000 N,
Fp = 50,000 + —— (10,000) = 52,000 N
1+4

F¢ = 50,000 - % (10,000) = 42,000 N



