SOLUTION (7.4)

Known: A rescue car, of 1400 kg mass, attempted to jerk a stuck vehicle back onto a
road using a 5-m steel tow cable of stiffness k = 5000 N/fmm. The rescue car reached a
speed of 4 km/hr at the instant the cable became taut.

Find: Estimate the maximum impact force and resulting elongation that develops in the

cable.

Schematic and Given Data:
Rope
k = 5000 N/mm v =4 km/hr
Lo m= 1400 kg

Assumptions:

1. The cable is attached rigidly to the masses of the cars.
2. Ignore the mass of the rope.

3. Neglect any stress concentrations.

4, lgnore damping due to internal friction within the rope.
5. The rope responds to the impact elastically.

Analysis:
1. FromEq. (7.4a), F. = Wa/v2/gd, where 8, =¥
W = gravity force = mg = (1400 kg){9.81 m/s2) = 13,734 N

13,734 N
5000 N/mm
(1.11 m/s)?

(9,81 m/s2)(0.00275 m)

Therefore, &, = =2.75mm; v = 4km_j 11 m
hr 8

r
2. F.=(13,734 N);V‘ =(13,734)(6.76) N

3. Maximum impact force = 6.76 times the gravity weight of the car,
or 929 kN

4. Cable elongation = % = 18.6 mm
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SOLUTION (7.8)

Known: A stranded steel cable with known cross section and modulus of elasticity
supports a 5-ton elevator. As the elevator is descending at a constant velocity, an
accident causes the top of the cable, 70 ft above the elevator, to suddenly stop.

Find: Estimate the maximum elongation and maximum tensile stress developed in the
cable,

Schematic and Given Data:

5 9o =

v =400 fpm
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Assumptions:

1. The mass of the cable is negligible.

2. Neglect any stress concentrations.

3. Ignore damping due to internal friction within the cable.
4. The cable responds elastically to the impact.

Analysis:
Soluti - Using E 7.1a

1, B=&51[1+ 1+L1.]

PL _ (10,000 1b) (840 in.)

= =0.28 in.
AE (2.5 in.2){12 x 10° psi

where 8, =

et [ [80in./sf s , " :
2. B =(0.28 '“'}{H'\f’r I | = (0.28 in.)(8.76) = 2.45 in.

3. Impact factor = Bmax/ds = 2.45/0.28 = 8.75
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