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SOLUTION (RP2.1)
Known: A 1800 rpm motor is rotating a blower at 6000 rpm through a gear box having a known weight.

Find: Determine all loads acting on the gear box when the motor output is 1 hp, and sketch the gear box
as a free-body in equilibrium.

Schematic and Given Data:

Assumption: The friction losses in the gear box are negligible.

Analysis:

1245 1b

Direction of
: ~
rotation
Direction of

rotation

5252-W  5252(1)
n 1800
T =2.92 Ib-ft = 35.01 Ib-in. (motor shaft)
1800 rpm
00 rpm

1. FromEq.(1.3), T =

2. To the blower, T = 35.01( J =10.501b-1in. (to blower)

3. Mounting torque reaction = 35.01 — 10.50 = 24.51 1b-in.
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Mounting forces = 24.51 Ib-in./ 10 in. = 2.45 Ib. The mounting force acts upward at A and downward
at B.

Add 10 1b acting upward at A and B to support the gravity load, giving 12.45 1b upward at A and 7.55
Ib upward at B.
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SOLUTION (2.1)

Known: The motor operates at constant speed and develops a torque of 100 Ib-in. during normal
operation. A 5:1 ratio gear reducer is attached to the motor shaft; i.e., the reducer output shaft rotates in
the same direction as the motor but at one-fifth the motor speed. Rotation of the reducer housing is
prevented by the “torque arm,” pin-connected at each end as shown in Fig. P2.1. The reducer output shaft
drives the load through a flexible coupling. Gravity and friction can be neglected.

Find: Determine the loads applied to (a) the torque arm, (b) the motor output shaft, and (c) the reducer
output shaft.

Schematic and Given Data:

500 1b in

Torque
80 Ib r)
@
(- 100 Ib in.

Torque

80 Ib
640 in.1b

Bending

Assumption: The friction losses in the gear box are negligible.

Analysis:

1. The force in the torque arm is 80 1b tension.

2. The loads on the reducer input shaft are 100 Ib in. torque, plus 80 Ib vertical load and 640 in Ib
bending moment in the plane of the motor face.

3. The load on the reducer output shaft is 500 1b in. torque.

2-4

Fundamentals of Machine Component Design 7th edition Juvinall Solutions Manual


https://ravanbooks.com/books/9781119634270-solutions

SOLUTION (RP2.2)

Known: An electric fan motor supported by mountings at A and B delivers a known torque to fan blades
which, in turn, push air forward with a known force.

Find: Determine all loads acting on the fan and sketch it as a free-body in equilibrium.

Schematic and Given Data:

- 50 mm®= 50 mm-s=-

T =2Nem
Clockwise rotation

v
e
-
-
e
e

Force against The motor delivers a torque,
thewind=20N of T=2Nm to the fan blades.

Assumption: The gravity forces can be ignored.

Analysis:

20N

10N /

Clockwise rotation
2 N'm

1. The torque exerted on the blades by the wind is 2 N-m counterclockwise.
2. Mounting forces = (2 N-m)/(0.1 m) = 20 N. Thus, 20 N is exerted upward at A and downward at B.
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SOLUTION (2.2)

Known: A pump is driven by a motor integrally attached to a gear reducer. Shaft C is attached to C’, face
A 1s attached to A’, and face B is attached to B'.

Find: Sketch the connecting tube and show all loads acting on it.

Schematic and Given Data:

Motor

1.5 kW

1800 rpm
-

4:1 ratio
gear reducer

Direction
of rotation
Connecting
tube
Pump
450 rpm
Cl
-
-
B

Assumption: The components are in static equilibrium.

Analysis:

9549-W _ 9549(1.5)
n 1800

2. Reducer output torque = Pump input torque = 7.96(4) = 31.84 N-m

=796 N-m

1. From Eq. (1.2), motor torque, T =

Motor
1.5kW
4:1 ratio 1800 rpm
gear reducer - L
-~
~ V
g 2 N \
Duec':tlon of 31.84 Nem'
& fing rotation \' / < /
onnec 2
Pump tube /%\Q:\\‘\\g\\
450 rpm _QQ\\
A
Motor and gear
reducer are attached
— to a fixed support
/ & \\ ) 31.84 N'm
| ,/ l /;\31.84 Nem 31.84 Nem
/ ~N__* ol
= B
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SOLUTION (RP2.3)

Known: An engine and propeller rotate clockwise viewed from the propeller end. A reduction gear
housing is bolted to the engine housing through the bolt holes shown. The power and angular velocity of
the engine are known.

Find:

(a) Determine the direction and magnitude of the torque applied to the engine housing by the reduction
gear housing.

(b) Determine the magnitude and direction of the torque reaction tending to rotate (roll) the aircraft.

(c) Find an advantage of using opposite-rotating engines with twin-engine propeller-driven aircraft.

Schematic and Given Data:

Reduction gear
ratio= 1.5

Assumption: The friction losses are negligible.

Analysis:

5252-W _ 5252(150)
n 3600

2. Reduction gear torque, T =219(1.5) =328 b ft

=2191bft

1. From Eq. (1.3), engine torque, T =
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A \
219 Ib ft Engine
328 Ib ft 219 Ib ft 150 hp
3600 rpm
109 Ib ft
Reduction gear

328 Ib ft
Propeller

ratio=1.5

328 Ib ft from aerodynamic forces
v

The attachment forces apply an equal and opposite torque of 328 Ib-ft ccw tending to “roll” the
airplane--see (*) in the above figure.

Thus, the torque applied to the engine housing by the reduction gear housing is 109 lb ft counter-
clockwise, and the torque reaction tending to rotate the aircraft is 328 1b ft counter-clockwise. |
Torque reactions applied to the air frame by the two engines cancel. (This produces bending in the
connecting structure, but does not require a compensating roll torque from the aerodynamic control
surfaces.) [ ]
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SOLUTION (2.3)

Known: A gear reduction unit and a propeller of an outboard boat operate with a known motor torque and
a known thrust.

Find: Show all external loads acting on the assembly.

Schematic and Given Data:

Y

20 N*m
Rotation

A
Ser

\\

7/ |
Forward
direction
of boat
|
Propeller
rotation A thrust = 400 N
//
/
500 mm \
| 2:1 ratio bevel gear
/

150 mm

Assumption: The effects of gravity and friction are negligible.

29

Fundamentals of Machine Component Design 7th edition Juvinall Solutions Manual


https://ravanbooks.com/books/9781119634270-solutions

Analysis:

.
Mz =20 Nem
I
Mx = 40 N’m
Forward
S ed notati direction
uggested notation of boat travel
|
Propeller
rotation

500 mm  Mx=40 N-m

2:1 ratio bevel gears
are inside this housing.

400 N ﬂ

150 mm
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SOLUTION (RP2.4)

Known: A rider is applying full weight to one pedal of a bicycle.

Find: Draw as free-bodies in equilibrium:

(a) The pedal, crank, and pedal sprocket assembly.
(b)  The rear wheel and sprocket assembly.

(c)  The front wheel.

(d)  The entire bicycle and rider assembly.

Schematic and Given Data:

- \\
800 N
160
40 R
: //
g/\ =
>
\
330 R 330R
100 R
— 400 —Pie 600 >
Assumptions:
1. The bicycle can be treated as a two-dimensional machine.
2. The bicycle weight is negligible.
Analysis:
1. For the pedal, crank, and pedal sprocket assembly, the chain force is F = 800(160/100) = 1280 N
800 N
+—160
1280 N
<
1280 N \
>
4
100 R
800 N
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2. For the rear wheel and sprocket assembly,
rear wheel gravity load = 800(440/1000) = 352 N
rear wheel friction force = 1280(40/330) = 155.2 N
horizontal bearing force = 1280 + 155.2 =1435.2 N

352N

3. For the front wheel, front wheel gravity load = 800(560/1000) = 448 N

&
)

448 N

4. For the entire bicycle and rider assembly, the drawing is given below.

o

800 N

3
352N 448 N
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Comments: The drawing does not show the rearward 155.2 N inertia force necessary to establish
2 F, =0. It would be located thru the center of gravity of the cycle-plus-rider, the location of which is
not given. Since this vector would be at some distance “h” above the ground, the resulting counter

clockwise couple, 155.2 h, would be balanced by decreasing the vertical force on the front wheel and
increasing the vertical force on the rear wheel, both by (155.2 h/1000) N.
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SOLUTION (2.4)

Known: A bevel gear reducer with known input and output angular velocity is driven by a motor
delivering a known torque of 12 N-m. The reducer housing is held in place by vertical forces applied at
mountings A, B, C and D.

Find: Determine the forces applied to the reducer at each of the mountings:
(a) Assuming 100% reducer efficiency.
(b)  Assuming 95% reducer efficiency.

Schematic and Given Data:

100 mm
¢ & D
100 mm— Bevel gear
1800 B reducer
rom
12 N°m
Attached —# —
{o motor
600 rpm
Attached
to load
Assumption: The bevel gear reducer is in static equilibrium.
Analysis:
360 N [20N g
(342 N)
aen| ™ :
100 mm 120N
A
C 100 mm D Bevel gear
B reducer

Attached T =36 N'm

o motor

| 600 rpm

Attached

to load
Note: 95% efficiency in parenthesis. oo
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SOLUTION (RP2.5)
Known: A motor applies a known torque to the pinion shaft of a spur gear reducer.

Find: Sketch free-bodies in equilibrium for
(a) The pinion and shaft assembly.

(b) The gear and shaft assembly.

(c) The housing.

(d)  The entire reducer assembly.

Schematic and Given Data:

Rear bearings

? Housing and
gear-shaft assy.
" | details

Front bearings

Output shaft

Output Mountings

Reducer assy.

Motor input torque

Front bearings 200 Ib ft
Assumptions:
1. The effect of gravity is negligible.
2. The forces between the gears act tangentially.
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Analysis:

600 |
ﬁ’% |
+07) : t
1200+ 4in
1200 v
8 in ‘|‘_/\
— S — ——— Front
T 1200 bearings
3 1200
600 <[ 600-——T————" Sy
~
e ~

Housing and gear-shaft assy.

600 Ib ft
(Output shaft)

200 1b ft
(Input shaft)
Reducer assy.

o 200 Ib ft
2 in. dia. pinion
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SOLUTION (2.5)

Known: An engine rotates with a known angular velocity and delivers a known torque to a transmission
which drives a front and rear axle.

Find: Determine the forces applied to the free-body at A, B, C, and D.

Schematic and Given Data:

Engine
2400 rpm
100 Ib ft torque 24 in.
A ~
% \ Right-front wheel
~ axle shaft-400 rpm
\
C
Y = L
Left-front wheel ()  Transmission
axle shaft-400 rpm N 2.0 ratio
Front drive shaft-1200 rpm /
Rear drive shaft-1200 rpm ; ___ﬁ\::\/—\‘r---\,____
e =~ - =)
-~ ~
Rear axle -
(not part of
free-body)

Assumptions:

1.  The friction and gravity forces are negligible.
2. The mountings exert only vertical forces.

3. All four wheels have full traction.
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Analysis:

Engine
2400 rpm 24 in.
100 1b ft torque 150 1b \
Al
X Right-front wheel
\ 100 1b ght-front whee
~ axle shaft-400 rpm
L 49— 100 1b
150 Ib fi e s
C 150 1b- 150 Ib ft
Y e e S e — ¥
) < >
> 5%
Left-front wheel y\; T = Transrrus:slon
axle shaft-400 rpm N 2.0 ratio
Front drive shaft-1200 rpm 100 1b ft
(T =100 1b ft) N
i
Rear drive shaft-1200 rpm
Assume: All four wheels have full traction.

(Engine torque)(Transmission ratio)

1. Drive shaft torque = -
Number of drive shafts

=(100)(2)/2 =100 1b ft

2. Wheel torque = (Drive shaft torque)(Axle ratio)

Number of wheels per drive shaft
=(100)(3)/2=1501b ft

3. Therefore, A: 150 Ib down
B: 150 Ib up
C: 100 1b down
D: 100 1b up
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SOLUTION (2.6)

Known: A gear exerts the same known force on each of two geometrically different steel shafts supported
by self-aligning bearings at A and B.

Find: Draw shear and bending moment diagrams for each shaft.

Schematic and Given Data:

100 N 100 N
' ' AW
N
200—»{4—300 200—»{4—300
140 50N
Analysis:
_ 200)— 40N Fe. = ~100(200) +50(640) _ 5,
i 100{500 4 500
100 N 100 N
24 N
A v B A 4 B
3 3 3 3
60 Nj«-200—»14—300—»{40 N 74 N}« 200—> 4—300—»47—- 50 N
60 N 74N 140
7 V/
M7 v
77777, 2722z |
o 14.8Nem OON
,—12 Nem =% |

7 N'm
. |

E
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SOLUTION (RP2.6)

Known: A pulley of known radius is attached at its center to a structural member. A cable wrapped 90°
around the pulley carries a known tension.

Find:
(a) Draw a free-body diagram of the structure supporting the pulley.

(b) Draw shear and bending moment diagrams for both the vertical and horizontal portions of the
structure.

Schematic and Given Data:

ok N 27 in.

12 in.
pulley rad.

Assumption: The weight of the pulley and the supporting structure is negligible.

Analysis:
1. Free-body diagram of the structural member:
100 Ib
'y

100 1b C
.

M = 7500 1b in.

100 1b -

M =100 (27+48) = 7500 1b in.
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2. Vertical portion of member:
100 Ib

M=27001bin/_
4 1
?; x
- — 100 Ib

100 Ib

-2700 1b in.

100 1b

- Q) )
10!1&;
i pom(l):;{lbmem i 2700 Ib in.
100 Ib fp - 100 Ib—<@ \>
-2700 Ib in. J
P -7500 Ib in.
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SOLUTION (RP2.7)

Known: A bevel gear is attached to a shaft supported by self-aligning bearings at A and B, and is driven
by a motor. The axial force, radial force, and tangential force are known.

Find:
(a) Draw (to scale) axial load, shaft torque, shear force, and bending moment diagrams for the shaft.
(b) Determine the values of axial load and torque along the shaft.

Schematic and Given Data:

Fr=600N
F, =2000N

\‘_{. Fa: 1000 N
Takes thrust Does not take thrust

50
\A * Bf Motor attaches

/N Fay to this end
|‘_ | of shaft
40—»|-— 60—

/

/

Assumptions:
1. The weight of the gear and shaft is negligible.
2. The bearing at A takes all the thrust load.

Analysis:
(a) Since bearing B carries no axial thrust load, Bx = 0. A free body diagram of the bevel gear and shaft
is:

y

600N
2000N

z

\+ 1000 N
g f

Takes thrust

Does not take thrust

W iy
G

40)—-a——g() X
B
/ Z
% A/ By
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From force equilibrium:
~600(40)—1000(50)

1. ¥M,, =0: B, 0 — 260N

>F,=0: A ~600+B, =0; A, =860N

>M,, =0: (2000)(40)—(B,)(100)=0; B, =800 N
YM_ =0: T, —(2000)(50)=0; T, =100,000 N mm
YF =0: A —1000N=0; A =1000N

YF,=0: A, +B,-2000=0; A, =1200 N

A

The answers are:

2000 N
600 N

\

T—r 1000 N z

sz IOOON.éé i B’, /’100Nm="l"x
f /\

\

la— 4() —|a——6()

Ay=860 N
_ / 800 N=B,
AL = 1200 N /
860 N
7
Vx-y / 260 N

N— -15.6 Nom

2-23

Fundamentals of Machine Component Design 7th edition Juvinall Solutions Manual


https://ravanbooks.com/books/9781119634270-solutions

1200 N

Vxz @ \
800 N m

MX-Z

‘ 1000 N

(b) The compressive force between the gear and the bearing A is 1000 N. The torque between the gear
and the bearing B is 50 mm times the tangential gear force, Fi. For F; = 2000 N, this torque is (2
kN)(50 mm) = 100 N-m.
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SOLUTION (2.7)
Known: The shaft with bevel gear is supported by self-aligning bearings A and B. Gear loads are known.
Find: Draw axial load, shaft torque, shear force, and bending moment diagrams for the shaft.

Schematic and Given Data:

1000 N
200 N
\V 100 N
et
Takes thrust 100 Does not take thrust
\ A i B / Pump shaft is
v, 3 coupled to this
end of shaft
— 50 |@—— 50—
/
Assumptions:
1. The weight of the gear and shaft is negligible.
2. The bearing at A takes all the thrust load.
Analysis: A free body diagram of the shaft with bevel gear is:
1000 N
200N y
\] 100 N X
z

50 |- 150
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Force equilibrium requires:

~100(100) —200(50)
Y 200
2. ZFy =0:A -200+B, =0; A =200N
3 ZMyA =0:(1000)(50)—-(B,)(200)=0; B, =250N
4. 2M_=0: T, —(1000)(100)=0; T, =100 N m
5
6

1. ¥M,, =0:B SN

YF =0: A —-100=0; A_=100N
YF,=0: A, +B,-1000=0; A =750N

1000 N y
200 N
X
\ 100 N
z

100

A i B 100 N m
100N . l(.

The answers are:

250N

750N/ 500N

s 200(50) = 10,000 N mm
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750 N

Vxz %

SIS A SIS AIS.

250N

/750(50) =37,500 N mm

M X-Z ZZ

Yoo 100 N m

100 N
Fx

NN
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SOLUTION (2.8)
Known: A static force, F, is applied to the tooth of a gear that is keyed to a shaft.

Find: Identify the stresses in the key, and write an equation for each. State the assumptions, and discuss
briefly their effects.

Schematic and Given Data:

A Section on A-A

Assumption: The compressive forces on each side of the key are uniform.

Analysis:

1. Compression on key sides

<
-
-

<~ —»

—
—

4— b—P
[GC'L'LJT ~FR;
2

2FR

Hence, 6, ¥ ————— or more precisely,

(L) (1) (r)
cCL-i(r—ij:FR
20 4

_ 2FR
¢ Lt(r—t/4)

S0, O

2-28

Fundamentals of Machine Component Design 7th edition Juvinall Solutions Manual


https://ravanbooks.com/books/9781119634270-solutions

2. Key shear

¢ (bLyr = FR: hence, T = L
bLr

Comment: The compressive forces on each side of the key will most probably not be uniform because of
key cocking.

SOLUTION (RP2.8)
Known: A screw with a square thread is transmitting axial force F through a nut with n threads engaged.

Find: Identify the types of stresses in the threaded portion of the screw and write an equation for each.
State the assumptions made, and discuss briefly their effect.

TF

Schematic and Given Data:

T

— o]

D

Assumption: The assumptions will be stated in the analysis section.

Analysis:
1. Compression at interface. Assuming uniform stress distribution, we have
F
C=—"—"-—
(D —-d)n
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(The bending of the thread would tend to concentrate the stress toward the inside diameter and also
produce a tensile stress at the thread root. Geometric inaccuracy may concentrate the load at one portion
of a thread.)

2. Shear at the base of threads. Assuming uniform distribution of t across the cylindrical failure surface,
we have

F
T= ™
mdnt

(The stress concentration would create a higher stress in the thread root. The effect of thread helix angle is
neglected.)
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SOLUTION (2.9)
Known: A total gas force F is applied to the top of a piston.

Find:

(a) Copy the drawing and sketch the force paths through the piston, through the piston pin, and into the
connecting rod.

(b) Identify the stresses in the piston pin and write an equation for each. State the assumptions made,
and discuss briefly their effect.

Schematic and Given Data:

Total gas force =F Total gas force =F

Y V¥V VY VY S S T S N
7 %

N\
e

4 a a—p
i 747
[ ]
w .
Y s
7/ %
Y/ 7
7 %
% Z
% 7
9z ]
V. A
[/ 7
Assumption: The assumptions are stated in the analysis section.
Analysis:
Force F
1. Compression with piston and with rod: & = - = ]
Projected area 2ad
A
2. Transverse shear stress, T = (for a solid pin) [

d2
3. Bending of pin (stresses depend on fit and rigidity of the members.)

* Assumes uniform axial distribution of stress which would not be strictly true due to pin bending.

A Assumes uniform stress distribution. Actual stresses may be greater at top and bottom.
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SOLUTION (RP2.9)

Known: A force P is applied to an engine crankshaft by a connecting rod. The shaft is supported by main
bearings A and B. Torque is transmitted to an attached member through flange F.

Find:

(a) Draw the shaft, and show all loads necessary to place it in equilibrium as a free-body.
(b)  Starting with P and following the force paths through the shaft to the flange, identify the locations
of potentially critical stresses.

(c) Making appropriate simplifying assumptions, write an equation for each.

Schematic and Given Data:

P oneach

main journal

Analysis:
1. Where “P” is applied to the crankpin, the compressive stress (assuming uniform stress distribution) is
given by:
P

c= , =P/DL
Projected Area
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The shear stress at section 2 (assuming uniform stress distribution) is:

o P L. 2P
2n(D?-d*/4 (D -d?)

The shear stress at section 3 (assuming a uniform distribution): t = P/2tA
The torsional stress at section 4 (neglecting stress concentration):
_Tc _ (PR)D/2)  16PRD

- 4 4
32
The shear stress at cylindrical section 5:
T _ 2PR

’[ = =
nDf(D/2) nD*f

Bending stresses are also present, the magnitudes of which depend on rigidities of the shaft and
associated components, and on the fits between these components.
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SOLUTION (2.10)
Known: A “T” bracket, attached to a fixed surface by four bolts, is loaded at point E.

Find:

(a) Copy the drawing and sketch paths of force flow going to each bolt.
(b) Determine the division of load among the four bolts.

Schematic and Given Data:

\

D
N\

AC
B

N

o

e |:>
T
|
DONAS AN

.

.

.

N
-,

N
NN

——
N
NNNNN

r
|
L
N

c{
D

SN
\

w)
1
1
I
A
SO

N
AN

)
NN

Assumptions

1. The T-bracket deflection is negligible.

2. The stiffness between point E and the plate through bolts B and C is twice the stiffness between point
E and the plate through bolts A and D.

E
A »
F
B —
S
D ——
F N
E
C —»3
D —&
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Analysis:

1. The force flow is shown in the above schematic.
2. If all “springs” deflect equally, bolts “B” and “C” each carry twice the load of bolts “A” and “D”.

2k

k = stiffness, N/mm

A -—b%
E
B —%3
/
-
F
.\
c >t
D —» T
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SOLUTION (RP2.10)
Known: A stiff horizontal bar, supported by four identical springs, is subjected to a known center load.
Find: Determine the load applied to each spring.

Schematic and Given Data:

20

1
:

f 20
[ |
fo [ o
40 40

100 N
40 % 40
40 40

Assumption: The k of the horizontal bar is much greater than the k of the springs.
Analysis:
1. The upper springs each deflect only half as much as the lower springs, hence they carry only half as

much load.

2.  Let L =load carried by each lower spring. Then,
2L+L/2=100Nand L=40 N

3. In summary, the lower springs carry 40 N, the upper springs 20 N. ]
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SOLUTION (RP2.11)

Known: Two plates are joined with straps and a single row of rivets (or bolts). Plates, straps, and rivets
are all made of ductile steel having yield strengths in tension, compression, and shear of 284, 284, and
160 MPa respectively.

Find:
(a) Calculate the force F that can be transmitted across the joint per pitch P, of joint width, based on the
rivet shear strength.

(b) Determine minimum values of t, t’, and P that will permit the total joint to transmit this same force
(thus giving a balanced design).

(c) Determine the efficiency of the joint (ratio of joint strength to strength of a continuous plate).

Schematic and Given Data:

@ Sys= 160 MPa

© 0 6 0

I
1
I ©— Sy1=284 MPa
I P Sye= 284 MPa
[
I
I
I

’

t

R f\_t

v | Il I |
~—C I i
N At,

Rivet dia. = 10 mm

Assumption: The frictional forces between the plates and straps are negligible.

Analysis:

(a)  Each pitch involves transmitting force “F” through 1 rivet in double shear:

2
F=2[%)-Sys =2 (25t mm?)(160 MPa) = 25,133 N "

(b)  For plate and strap to have equal tensile strength and equal compressive strength (at rivet interface),
t=2t".
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(©

The compressive load carrying capacity (at rivet interface) is
F = Projected area - Sy.:
25,133 N =10 t mm? - 284 MPa. Hence, t = 8.85 mm; t’' = 4.425 mm.

The tensile load carrying capacity (at rivet interface) is F = (P —10) t - Sy :
25,133 N = (P — 10)(8.85) mm? - 284 MPa.
Hence, P =20 mm.

. Joint strength 25,133
Efficiency = ' = =
Strength of a continuous plate Syt(t)(P)
25,133 =0.50=50%

(284 MPa)(8.85 mm)(20 mm)
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