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MACHINE DESIGN - An Integrated Approzch - ' _ . 6271 KS//C‘

PROBLEM 6-27

Statement: A storage rack is to be designed to hold the paper roll of Problem 6-8 as shown in
Figure P6-12. Determine a suitable value for dimension a in the figure for an
infinite-life fatigue safety factor of 2. Assume dimension 5 =100 mm and that the
mandrel is solid and inserts halfway into the paper roll.

(a) The beam is a ductile material with S,, = 600 MPa.

(b) The beam is a cast-brittle material with S,,, = 300 MPa.

Units: N i=newton kN :=10°.N MPa =10% Pa  GPa'=10°-Pa
Given: Paper roll dimensions  OD:=1.50-m Roll density p =984 kg™
‘ ID:=022.m

L,oni=3.23m Design safety factor . Nfd =2
Ductile tensile strength  §,,,, 1=600-MPa Brittle tensile strength S ;; 1=300-MPa

Assumptions: The paper roll's weight creates a

concentrated load acting at the w
- tip of the mandrel. The
mandrel's root fits tightly in the
stanchion so it can be modeled as .
a cantilever beam. The mandrel
is machined, reliability is 90%, 4 N
and it operates at room M Ly i
temperature. : R
Solution: See Figure 6-27 and Mathcad file ~ FIGURE 6-27
P0627. _ Free Body Diagram used in Problem 6-27
1. Determine the weight of the roll and the length of
the mandrel. _ :
Weight w :=§-(OD2 -ID%) L, 08 W = 539 kN
‘Length L,=05L,p L, =1615m
2. The maximum moment occurs at a section where the mandrel root leaves the stanchion and is.
My =WL, M, = 87.040kNm
4. The dynamic loading is repeated from 0 to M,,,, on each stress cycle, thus M i ' =0-kN-m '

5. Part (a) - Calculate the alternating and mean components of the bending moment.

Mmax" Mmfn

My=—— M, =43520N'm
M +M .
M, :=__._"'“_’.‘.i___’1‘.’1 M, = 43520 N:m
6. Determine the unmodified endurance limit. ~ §',:=0.5-8 . S’ =300eMPa

7. Calculate the endurance limit modification factors for a nonrotating rectangular beam.
Load C load =1

Size 4 ps(a) :=0.010462.a° d o) =
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MACHINE DESIGN - An Integrated Approach ' 6-27-2 w
‘ d. - (a)| 0%
C size(@) :=1.1s9-(_fi‘i”_.(_
mm
Surface A4:=451 b:=-0.265 (machined)
b
S uta
C o pri=4: C =0.828 {
suf Mpa) surf =~ |
:'
Temperature C temp = 1 ’
Reliability C religh =0.897 (R = 90%)

8. Calculate the modified endurance limit.
§ e(a) =C ,aaarcme(a}-c WU.C mmp-c reliabS' e

9, We can now determine the minimum required diameter, a. Using the distortion-energy failure theory with the
modified Goodman diagram, the bending stress will also be the only nonzero principal stress, which will also be
the von Mises stress. Assuming a Case 3 load line, use equation (6.18e) to determine the factor of safety. Guess

a :=100.-mm.
Bending stress ﬁﬂzbfﬁ -i=32'M
- A 2 rd* rad’

Given ;

N f:r«a ) S o(@)S yq

3 M S v M S (@)
a i=find a) a =186.864 omm
Round this up to the next higher even value a =190-mm

Using this value of a, the values of the functions of a are:

C size(a) =0.787 § (@) =175.371 eMPa
The realized safety factor is
a S¢(a)S yiq
fa'® . 'Nfa =2.1
32 MgySyp+M,,S (a)
10. Part (b) - Determine the unmodified endurance §'p=04S8 §' g =120 MPa

limit.
11. Calculate the endurance limit size modification factor for a nonrotating rectangular beam.

- A g a)
: 95(
Size A 5(a) 1=0.010462.a> d. . (a):=
ot equit 0.0766
d . a) =0.097
C jigel@) i= 1.189-(&)
mm )

12, Calculate the modified endurance limit.
S ¢(a) :=C 1oqg C size(a)-C sw;fc remp'c reliab™S'e
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MACHINE DESIGN - An Integrated Approach 6-27-3

13. We can now detérmine the minimum required diametcr; a. Using the distorﬁon-energy failure theory with the
modified Goodman diagram, the bending stress will also be the only nonzero principal stress, which will also be

the von Mises stress. Assuming a Case 3 load line, use equation (6.18¢) to determine the factor of safety. Guess
a:=100.-mm. : :

Bending stress ﬁﬂf.-.'M a M

1 2 rd rd
Given
N fr-asl S (a)S ypp
£ 32 MgSyp+M S (a)
a:=find a) a =251,687 emm
Round this up to the next higher even value ' a=252-mm

Using this value of a, the values of the functions of g are:

C gize(a) =0.766 S (@) = 68253 MPa

The realized safety factor is

- ra S ¢(@)S ygp
32 M .Syt M S (@)

Nfb: ij=2.0
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