ME 1020 Engineering Programming with MATLAB

Problem 4.25:

25.

We want to analyze the mass-spring system discussed in Problem 20 for
the case in which the weight W is dropped onto the platform attached to
the center spring. If the weight is dropped from a height 4 above the plat-
form, we can find the maximum spring compression x by equating the
weight’s gravitational potential energy W(h + x) with the potential
energy stored in the springs. Thus

Wh+x) = 3kx*  if x<d

which can be solved for x as

W = VW2 + 2k Wh
x = e S R
1

and

Wh + x) = 3 kx? + 32k)(x — d ifx =d

which gives the following quadratic equation to solve for x:
(ky + 2k)x* — (4kod + 2W)x + 2kod® — 2 Wh = 0 ifx =d

a. Create a function file that computes the maximum compression x due
to the falling weight. The function’s input parameters are ki, ks, d, W,
and h. Test your function for the following two cases, using the
values k; = 10* N/m; k, = 1.5 X 10*N/m; and d = 0.1 m.

W= 100N h=05m
W = 2000 N h=05m

b. Use your function file to generate a plot of x versus 2 for0 = 7 =2 m.
Use W = 100 N and the preceding values for ki, k, and d.



W =50 N:

E:[probfemi_ﬁ.m ¥ | spring_deflection25.m* =

1 % Problem 4.25

2 - clear

3 - cle

4 - disp('Problem 4.25: Scott Thomas')
5= disp(" ")

6 — W = 50; %N

7 - h=10.5; 3m

8 IH = 1000; % Number of evaluated points
9 iW = linspace (0,3000,N): 3N

10 = k1=10"4; 3¥/m

11 = k 2 =1.5%10"4; %H/m

12 - d=0.1; =

13

14 — a =k 1 + Z*Kk 2;

151 = b = —(4%k 2*d + 2*W);

16 — c = 2%k 2%d"2 - Z*W*h;

17

18 - o= [abc]:

18 — g = roots(p):

20

21 - X1l = (W + sgroc(W"2 + 2%k 1*W*h))/k 1
22 — x¥2 = (W - =sgro (W2 + 2*k _1*W*h))/k_1
23 = 3 = g(l)

24 — x4 = g(2)

25

26 % Determine if the second set of springs is=s hit
27 - if x1 >=d

28 - disp('xl >= d')

29 - x®l = x3

30 - 2 = x4

31 - else

32 - disp('=xl « d')

33 = end

34

35 % Find the larger of the two deflections
36 — x = 0;

37 - if x1 »>= =;

38 - x = x1;

39 — end

40 — if x2 »= =x;

41 — X = RZ;

42 — end

43 — disp('HMaximum Deflection (m): ')

44 - x

435



Problem 4.25: Scott Thomas
xl =
0.0759
X =
-0.0659
x3 =
0.0763 + 0.0209%1
X4 =
0.0763 - 0.020%1
xl <« d
Maximum Deflection (m):
® =
0.0759
Jx

W = 2000 N:



PFroblem 4.25: Scott Thomas

xl =
0.689%9
x2 =
-0.2899
X3 =
0.3661
xq4 =
-0.1161
xl > d
xl =
0.3661
x2 =
-0.1161

Maximum Deflection (m):

S 0.3661

|[ problemd_25.m* ><] spring_deflection25.m =

1 % Problem 4.25

2 - clear

2= cle

4 - disp('Prokblem 4.25: Scott Thomas')

E|= disp(" ")

&= W = 100 3N

7 th = 0.5; %m

g - N = 100; % Number of evaluated points

9 — h = linspace(0,2,N): %m

10 = k1=10"4 3H/m

11 = k 2 = 1.5%10"4 3H/m

12 - d = 0.1 3m

13

14 — for k = 1:H

15— Tick} = spring deflection25(W, k_ 1, k 2, d, hik} )

16 — end

17

18 — plot (h,x),xlabel ('Drop Height (m) '), wylabel('Spring Deflection (m)'), grid on
1= title('W = 100 N, k¥ 1 = 10"4 N/m, k 2 = 1.5%10%¢ N/m, d = 0.1 m',...
20 'FontWeight', "bold")

ra
iy




J

zpring deflection2S(W,k 1,k

problemd_25.m* % [ spring_deflection25.m

d,h)

2,

[x]

function

(5 B B

b = —(4%k 2*d + 2*W);

2*W*h;

[2 b c]:
g = roots(p):

E

ol

(W + sgrt(W™2 + 2*k 1*W*n))/k 1;

xl =
X

LI =

(W — =grt(W"2 + 2*k 1*W*n))/k 1;

2 =

11 -
12

®3 = gl(l);

x4

13 =
14
15
16
17

f springs is=

= d

if =1 =

= d')

isp('=xl =
= x3;

oo

x1

= x4;

Ly ]

1% —
20
21
22

end

23 —
24

= H:;

if =1 =

®x = ®xl;

25 =

end

26 —

= XK;

if =2

27 —

3

end

25 —
30
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