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Question ID (8232511265)

20. Robot Ltd. wishes to maintain enough safety
stock during the lead time period between
starting a new production run and its completion
such that the probability of satisfying the
customer demand during the lead time period
is 95%. The lead time periods is 5 days and
daily customer demand can be assumed to follow
the Gaussian (normal) distribution with mean
50 units and a standard deviation of 10 units.

Using  –1 0.95 =1.64 , where   represents the

cumulative distribution function of the standard
normal random variable, the amount  of safety
stock that must be maintained by Robot Ltd. to
achieve this demand fulfillment probability for
the lead time period is _____ units (round off to
two decimal places).

Ans. (36.67)
Sol. If demand during replenishment lead time

(DDLT) (e.g. daily, weekly or monthly, etc.) is
normally distributed with a mean, D  and stan-
dard deviation, D , then reorder level and re-
serve stock can be calculated using following
formulae to achieve a specific service level.
The average demand during replenishment lead
time is the sum of the average (say, daily)
demands during that period. This is also the
product of the daily demand multiplied by the
lead time. Similarly, the variance in the DDLT
is determined by adding variances of the daily
demand distribution. If the demand in one day
(period) is independent of demand in the other
day, then

D = 2
dn  

Reserve stock = DZ   = dZ LT

Reorder level = Dd LT + Z ;  
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D = d LT

where, n = number of periods in the lead time

d  = mean (or average) demand for items per
unit time (periods)
Z = number of standard deviations from the
mean of DDLT distribution required for a speci-
fied service level

2
d  = variance of demand for items per unit

time (period)

D  = Standard deviation of DDLT distribution

Hence,

Safety stock, SS = dZ LT

=  1.64 10 5  = 36.67

Question ID (8232511299)

54. A machine part in the form of cantilever beam
is subjected to fluctuating load as shown in the
figure. The load varies from 800 N to 1600 N.
The modified endurance, yield and ultimate
strengths of the material are 200 MPa,
500 MPa and 600 MPa, respectively.

100

800 N to 1600N Beam
cross-section

20

12
All dimensions are in mm

The factor of safety of the beam using modified
Goodman criterion is _____ (round off to one
decimal place).

Ans. (2.5)
Sol. N = Factor of safety to account for such items

as variations in material properties, uncertainty
of loading, accuracy of assumptions, workman-
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ship, possible loss of life, cost of shutdowns or
maintenance, lack or spread of test data, etc.
The selection of N is a matter of judgment.

e  = 200 MPa, Su+ = 600 MPa, Syt = 500 MPa

Mmin = 800 × 0.1 = 80 N.m
Mmax. = 1600 × 0.1 = 160 N.m

800N to 1600 N
20mm

12mm100mm

b max.( ) = max.
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= 200 MPa

min. = min
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= 100 MPa

Mean stress, m = max min+
2

 

= 200 +100 = 150 MPa
2

Amplitude stress, a  = max min–
2

 

= 200 –100
2  = 50 MPa

The Modified Goodman diagram for axial or
bending stresses
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Modified Goodman diagram 
for Axial and Bending stresses
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If the mean component of stress ( m ) is very

large and the alternating component ( a ) very
small, their combination will define a point in
the region BCF that would be safely within the
Goodman line but would yield on the  first cycle.
This will result in failure, irrespective of safety
in fatigue failure. The portion BF  of the
Goodman line is a vulnerable portion and needs
correction. This is the reason to modify the
Goodman line.
The region BCF  is removed from original safe
region of Goodman diagram and new safety
region becomes OABC.
Applying modified Goodman criteria,
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Factor of safety of the beam using modified
Goodman criterion is determined using combi-
nation of fatigue criteria as represented by the
Goodman line and yield criteria as represented
by yield line.
All the points inside the Modified Goodman dia-
gram should cause neither fatigue failure nor
yielding Modified Goodman diagram combines
fatigue criteria as represented by the Goodman
line and yield criteria as represented by yield
line.
According to Question, while considering FOS
= 2, it would be safe according to Goodman
criteria but would yield on the first cycle. This
will result in failure irrespective of safety in
fatigue failure. Thus vulnerable portion of
goodman needs correction by using FOS = 2.5.
This is the main point to modify the Goodman
line.


