W= 328 HW 10 Solutiong

MACHINE DESIGN - An Integrated Approach  _Due 1} /)_;/99 4-27-1
PROBLEM 4.27
Statement: A storage rack is to be designed to hold the paper roll of Problem 4-8 as shown in Figure

P4-12. Determine suitable values for dimensions a and b in the figure. Consider bending,
shear, and bearing stresses. Assume an allowable tensile/compressive stress of 100 MPa
and an allowable shear stress of 50 MPa for both stanchion and mandrel, which are steel.
The mandrel is solid and inserts halfway into the paper roll. Balance the design to use all
of the material strength. Calculate the deflection at the end of the roll.

Units: N :=newton kN :=10° newton MPa :=10°Pa GPa :=10°.Pa
Given: Paper roll dimensions ~ OD :=1.50-m Material properties S, :=100-MPa
ID:=0.22-m ”
- S.,.=50-MPa
L ,opi=3.23m ys
E:=207-GPa
Roll density p =984 -kgmi”>

Assumptions: 1. The paper roll's weight creates a concentrated load acting at the tip of the mandrel.
2. The mandrel's root in the stanchion experiences a distributed load over its length of
engagement

Solution:

1. In Problem 3-27, we were concerned only with the
portion of the mandrel outside of the stanchion. (
A

See Figures 4-27 and Mathcad file P0427.

Therefore, we modeled it as a cantilever beamn with a
shear and moment reaction at the stanchion.
Unfortunately, this tells us nothing about the stress or My
force distributions in the portion of the mandre! that
is inside the stanchion. To do this we need to modify
the model by replacing the concentrated moment (and
possibly the concentrated shear force) with a force

Ry

FIGURE 4-27A

system that will yield information about the stress
distribution in the mandrel on that portion that is
inside the stanchion. Figure 4-27A shows the FBD
used in Problem 3-27. Figure 4-27B is a simple
model, but is not representative of a built-in
condition. It would be appropriate if the hole in the
stanchion did not fit tightly around the mandrel.
Figure 4-27C is an improvement that will do for our
analysis.

2. Determine the weight of the roll and the length of the

mandre].

w :=.;f-(op2 ~IDY)L,ypg W =539%N

Lm:=0'5"[‘roﬁ' Lm=l.615°m

3. From inspection of Figure 4-27C, write the
load function equation

q(x) = -w<x>0 + w<x - b>0 + R<x - b>!1 - W<x -b -L_>!

4. Integrate this equation from - to x to obtain shear,
%)
V(x) = -w<x>! + w<x - b>l+ R<x - b>0 - W<x - b -L >°

5. Integrate this equation from -0 1o x to obtain
moment, M{(x)
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Free Body Diagram for Problem 3-27
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FIGURE 4-27B
Simplified Free Body Diagram, not used
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FIGURE 4-27C
Free Body Diagram used in Problem 4-27




MACHINE DESIGN - An Integrated Approach 4.27-2

M(x) = -(W/2)<x>? + (W/2)<x - b>2+ R<x - b> - W<x - b-L >
6. Solve for the reactions by evaluating the shear and moment equations at a point just to the right of x =b + L,
where both are zero.

Atx=(b+L),V=M=0

“—'—W-{b+Lm]+w-(Lm)+R—W R=W+wb

2.W.L
Ur-%-l:b + Lm\%—%i o+ RL = —o(b +Lm)2+.g-AL ot (Wewb)L, —we—"

!

|2

Note that R is inversely proportional to b and w is inversly proportional to b2.

\'}O Ve C\W rce. 7 Toseethevalueofxat which the shear and moment are maximum, let

2-W.L
resly v &;@am ’
-?i\'\#\ b 8. Define the range forx x:=0-mm,0.002:L. L

9. For a Mathcad solution, define a step function S. This function will have a value of zero when x is less than z,
and a value of one when it is greater than or equal to z.

A wa“‘{k S(x,2) = x25,1,0)

10. Write the shear and moment equations in Mathcad form, using the function S as a multiplying factor to get the
effect of the singularity functions.

v A
3\ 11\"7 V(x) i=-w-S(x,0-mm)x+w-S(x,b)(x=-b)+ RS(x,b)= W-5(x,L)
N .

M(x) ::%P.-S(x,()'mm)vxz +l;--S(x, b)-(x— b)* + R-S(x, b)(x = b) = W.S(x,L)(x= L)

“\ 11. Plot the shear and moment diagrams.
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FIGURE 4-27D

Shear and Moment Diagram Shapes for Problem 4-27

12. From Figure 4-27D, the maximum internal shear and moment occur atx = b and are

2WL,,

V man=— M e = WL g M e = 87.04%KNm
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13. The bending stress will be a maximum at the top or bottom of the mandrel at a section through x = b,

M -a 4 32-M
max ra max
O max 7 ere ” 50, T e - Sy
ra
1
2L,
Solving for a, P Bl P a =206.97 emm
n'-.S'y |
Round this to a :=210-mm

14. Using this value of g and equation 4.15¢, solve for the shear stress on the neutral axis at x = 4,

) _4=Vmax_ 8WL, s
max =2 ys
3.4 2
3 [z ):b
| 4
8W-L,
Solving for b b ::.—2 b =134.026 emm
ra
3 (--‘-‘-— 'Sys
Round this to b:=134-mm
15. These are minimum values for a and 5. Using them, check the bearing stress.
2.wL, N
Magnitude of distributed load wi= w =9695
b2 mm
. _wb
Bearing stress C bear .—-a--'-—- O pogr =46.2°MPa

Since this is less than S, the design is acceptable for a =210emm and b =134 smm

16. Assume a cantilever beam loaded at the tip with load W and a mandrel diameter equal to a calculated above.

4
Moment of inertia I :=%_ I= 9,5470107 omm®
wiL,’
Deflection at tip (Appendix D) Y mee == 15 Y e = 383 emm

This can be accomodated by the 220-mm inside diameter of the paper roll.
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