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a Construct the econonte breakesen chart.

b. Compare annual profit when the plant is op-
eratng at 90" ot capacity with the plant oper-
ation at [ capacity. Assume that the test
G of capacity output is sold at 590 per uret,
and the remaning {7 ot production s sold
at 571 per unit. (2.3}

2.49. Lhe hved cost for @ S€AMN Jjp, PU meter of

pipe 1~ S3530X 4 S50 per vear. The cost Yor loss
of heat from the pipe per meter 12 548/ X'
poer vear Here N reprisents the thickness of

insulation inmeters, and X s avontinuous design -

variable (24

a What i the aptimum thickness of the insula-
tion?

b. How do vou know that vour answer in ja)
minimizes total cost per vear?

c. What = the basic tradeott being: wade in this
problem?’

tarmer cstiptiates that i e harvests his

i “boan crop NOW he will obta!n LOOM bushyls.,

which he can sell at 23,00 ot bushel Howes er,
he estimates that this crop will increase by
additional 1.2%) bushels ot sovbeans tor each
weeh he delavs harvesting, hut the price will
drop at a rate of S0 cents per bushel per week,
at addition, it is likely that he wall experience
spotiage of approximately 20 bushels per week
foreach week hedelavs harvesting When should
he harvest his crop to obtain the l'mg_;ub't net cash
return, and how much wiil be received for hus
op at that fiime? (2.4

A tecent eagineenng praduate was given the
Bb of determining the bewt production rate for a
new type of casting in a foundry After experi-
menting with manv combinations ot hourly pro-

duction rates and total production cost per hour,

he summarized his findings in Table | below.

The engineer thrn tatked to the Hrm's markoting

specialist, who pronided these eshimates of sell-

iz price per cashing 35a function of production

avtput (see Table 1 below). There are 8,700 hours

ina vear 2.4

a. What production rate would vou recomimend
to mavimize total profits per year?

b. How sensitive is the rate in (a) to changes
total production cest per hour?

2.22, The cost of operating o large ship () vartes
~ &< the square of its velocity (oi; specifically,

Cu = kn, where 1t is the tidp Tength in nules
and & isa constant ot proportionalitv. 1t is known
that at 12 mules/huur the auerage cost of oper-
atwan is S100 per mile The owner ot the <bap
wants ko murimize the cosl ot aperation. hut it
must be balanced against the cost ot the per-
ishable congey i), whuch the customer has set
at %1500 per hour At what velooty should
the top be planned to mininuze the total cost
w0, which is the sum of the cost of vperat-
ing the ship and the cost of pertshable carge?
(24}

2-23. Refer to Uxample 2-100 Tf the cost of electrcity

= 5004 per kWhH (instead o S0.073 per ki,
which thickiess ot insulation should be recom-
mended? Recall that the life of the insulation
was a-sumued to be 25 vears. Comnpwent on the
basic tradeoff that i being made in this problem
{relative to Example 2-14), (2.4)

2.24,

a. Compare the probable part cost from Machine
A and Machine B, assuming each will make
the part to the same specification. Which

Machine A Machine B
Initial capital investment $35,100) 4150000
Life 10 years § vears
Salvage v alue 3,500 515,006
Parts required per vear 10000 100w
Laker cost per hour Sle 2N
[1me 1o make one part 20 munates 1 minutes
Maintenance vost per vear 57,004 %3000
u . i i |
Ta.ble | “;‘-Otdj st hOUI’ $ 1 260{} $3.2UU 53'9{10 c‘;'_}”?on e 2 21
Castings produced, hour 100 2 00 00 S0
Table [T Selling price et SO0 SIT Y Sipgt 3TN =14
SRR IO EHT TS e o 2 T Sy Sl
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Carbon Steel Tool Steel 'r 2-20)

Output at eptimum speed
Time between tool grinds
Time required to change tonls
Cost of unsharpened tools

Number of times tools can be ground

machine vields the bewest part cOSt? Assume
the interest rate 1s negligible,

b. 1f the cost of labor can be cut in kalf by using
part-time emplovess which machine should
he recommended”

2-25. The “We Win Them AllY Earmuda-Car marn-
afacturing company needs spindles tor their
roiling chassis. Thev can buy them from an
eutside manutagturer toe $200 per spindle plus
shipping costs Each spiadle weighs 18 Ibs and
shipping costs are 51 1 per pound. The outside
manutacturer will give o discount for butk or-
ders tdoes nat include shipping costs). The first
A0 spindles are ar tull price, the next 5 have
a 1. discaunt per wpridle, and the next 30
have a 1570 discount per spindle. Or they can
make the spudles themselves. It costs 50.75/tb
ior aluminum takes 72 minutes per unit to ma-
chine, and the cost ot the machine operator is
$14u0/ hour, Assume there is no scrap. Should
the company produce or buy the spindles it 175
are needed? Support vour answer. {2.5)

. 2-26.}1ither tool steel or carbon steel can be used
kot the set of tools on a certain lathe It s neces-
sary to sharpen the tools periodically. Relevant
information for eachis shown abme

The cost of the lathe operator 1x 51400 per
hour, including the tool-changing nme dunng
which he is idle. The tool changer costs S20 00
per hour fur just the time he is changing, tools,
Variable overhead costs for the Jathe are S28 (0
per hour, including tool-changing ime. Which
tvpe of steel should be psed to monmize iverall

_cost per piece? (2.5}
2-27. }m automatic machine can be vperated at
e specds, with the tollowing results

Time between

Output Toot Grinds
Speed (pieces per hour) (hours)
A 100 15
B 180 12

¢ 3400 1

100 pieces/hour - 130 pleces Shour

3 howrs b hours

1 huur | hour

TI00 00 $1200 {0
0 5

A set of unsharpened tools costs $150 and can
be graund 20 nmes Thecost o each grinding is
$25. The time required to change and reset the
toots is 1.5hours and such changes are made by
atool-setter who 1s paid $8 00 per hour. Variable
overhead on the machine s charged at the rate of

375 per hour, including taol-changing time. At
which speed should the machine be operated to
minimize total cost per piece? The basic tradenft
in this probtem is between the rate of output and
tool usage. (2.5}

2:28. A company 15 analvzing o make-versus-
purchase situation for a component used n sev-
eral products, and the engineering department
has developed these data:

Opton A. Purchase 10,000 items per vear at a
fixed price o $8.50 per itemn. The cost
of placing the order 1= negligible ac-
cording t0 the present cist accounbng
procedure.

Option 8: Manufacture 10,000 items Per voar .
ing available capaoity in the tactory
Cost estimateb are direct materials -
55.00 per item and direct labar = $1 50
perttem. Mamlfacturml\;‘ averhead s al-
located at 2007 ot direct labory = $3 00
per item).

a Based on these data, should the item be pur-

chased or manufactured?(2.5)

b. Tf manufacturing overhead can be traced di-
rectly to this item—thus avoiding the 200",
overhead rate—and it amounts to 3215
per item, what choice should be recom-
mended? (Traceable overhead ispossible with
an activity-based cost accounting procedure;
is incremental to the manufacture of tlic
part; and consists o such cost elements as
emplovee training, material handling, qual-
ity control, supervision, and Utilities 3 Trace-
able overhead associated with purchasing
thisitem (vendor certification, benchmarking,
etc.} isS0.50 per item.

2-29. In the design «f an automobile radiator.
an engmeer ha- a cholce Of usinge e1tter 4 brass-



2-31. Rework Example 2-

ment associated with each operation is identical.
Each completed part increases in value by $0.40
per patt.

Operation 1 produces 2,000 parts per hour,
After each hour, the tooling must be adjusted
by the machine operator, Thi- adjustment takes
20 minutes. The machine uperator for Opera-
tion 1 is paid 920 per hour. (This includes fringe
benefits.)

Operation 2 preduces 1,750 parts per hour,
but the teoling needs to be adjusted by the oper-
ator only once every two hours. This adjustment
takes 30 minutes The machine operator for Op-
eration 2 is pard $11 per hour (This includes
tringe benetit-.)

Assume an 8-hour work day. Further as-
sutme that all parts produced can be sold. (25)

a. Should Operation | or Operalion 2 be recom-
mended? Show all work
b. What i the basic trade-off in Uhis problem?

12 fur the case where
the capacity of cach machine 15 further reduced
by 25% because of machine failures, materials
shortages, and operator errors,  In this situa-
tion, 30,000 units ot good (nondefective) prod-
uct must be manufactured during the next three
manths, Ax:‘.Sume oneshaft per day and five work
days per week, (2.5)

a. Can the order be delivered on time?

b. If only one machine (A or #) can be used in
part {a), which one should it be?

2-32. Two alternatiy e designs are under consider-

ation for a tapered fastening pin. The fastening
mns are sold for $0.70 cach. Either design will
serve equally well and will involve the same ma-
terial and manufacturing cost except for the Jathe
and drill operations.

Design A will require 16 heurs of lathe time
and 4.5 hours of drill time per LOG units  [De-
sign 8 will require 7 hours of lathe ttime and 12
hours of drill time per 1,000 units. The variable
operating cost of the lathe, including labor, is
$18.60 per hour The vanable operaling cost of
the drilt, including labor, s 516.90 per hour Fi-
nally, there ts a sunk cost of $5,000 for Design 4
and $2.000 for Design B due to obsolete toohng_
25
a. Which design should be adopted 1f 123,000

units are sold cach year?
b. What is the annual saving over the other
design?
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2.33. In some countrics, motorists are required to

drive with thewr headlights on at all times  Gen-
eral Molors 1s beginning to equip their cars with
daytime running lights.  Most people would
agree that driving with the headlights on at
night is cost-effective wilh respect to extra fuel
comsumption and safety considerations. Given
the following data and any additional assump-
tions vou feel are necessary, analyze the cost-
effectiveness of driving with your headlights
on during the day by answering the following
questiens [cost- -effective means that benefits out-
weigh (exceed) the costs): (2.3
5% of driving takes place during the
dayhme, )
2%, of fuel consumption is due b accessorics
fradio, headlights, etc.).
Cost of fuel = $1.15 per gallon,
Average distance fraveled per year = 15,000
miles,
Average cost of an accident — $2,500,
Purchase price of headlights = $25.00 per
set (2 headlights).
Average time car is in operation per year =
330 hours,
Average life of a headlight = 200 operating
hours,
Average fuel consumption — ) gallon per
30 mules

a. Whatare the extra cosls associated with driv-
ing with your headlights on during the day?

b. Whalare the benefits associated with driving
with your headlights on during the day?

¢. What additional assumptions (il any) do you
need to complete your analysis?

d. Tt is cost-cffective to drive with vour head-
lights on during the day? Be sure to sup-
port vour recommendation with the neces-
sary caleulations.,

2-34. Suppose youare a mechanical engineer faced

with the problem of designing a rigid coupling
thar will be used to join two odd-sized instru-
ment shafts tor o special customer order. Only
40 couplings will be produced, and there 15 no
reason to suspect that there will be a repeat or-
der in the near future  The coupling is fairly
simple and can be turned from round steel rod
stack. The manufacturing engineering depart-
ment indicdates that two machining methods are
available. The following table summarizes the
data for the metal lalhe producthon and the
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CHAPTER 2

automatic-screw production alternatives for the

rigid coupling,

Comparative Costs of Two Production Processes

Automatic
Lathe

Screw Machine

4 pueces/hir 18 pieces/hr

Machine charge 5/ hr 5257 hr
Setup charge flabor) — S5
Operating charge (labor)  $15/hr $12/hr
Material cost Same Same
Same Same

Inspection cost

Since an attomatic screw machine is a more com-
plex and versatile device than a turret lathe, it is
not surprising that its hourly cost is higher A
skilled machine operator 1s necded to operate
the lathe, whereas 4 less-skilled machine oper-
ator tends the automatic-screw machine, The
sctup charge for the screw machine is to pay
for the services of a highly skilled setup man
who nitially adjusts its operation. The oper-
ator then keeps it supplied with raw material.
Raw matenal and inspection costs would be 1n-
dependent of the method of production. The
actual cutting tools for an automatic-screw ma-
chine would probably be more expensive than
those for a lathe, because the screw machine op-
crates at a higher cutting speed. For this short
run (40 units), however, tool wear will be negli-
gible, and this cost can be ignored. (25)
a. Compute the cost of producing the coupling
by each method.
b. How does cost per part vary with number of
items produced? [Dvaw a graph to illustrate
}"()LII' ANHWer,

2-35. One method for developing a mine contain-

ing an estimated 100,000 tons of ore will result
in the recovery of 62% of the available ore de-
posit and will cost $23 per ton of material re-
moved A sccond method of development wall
recover onky 30% of the ore depoait, but it will
cost only 515 per ton of materal removed. Sub-
sequent processing of the removed ore recovers
300 pounds ot melal from cach ton ot processed
ore and costs $40 per ton of ore processed. The
recoverced metal can be sold for $0.80 per pound
Which method for developing the mine should
be used if yvour objective 15 ko maximize total
profit from the mine” (2.5)

CosTt ConcerTs anD DesiaN EcoNomics

2.36. Ocean water contains 0.9 ounce of gold per

ton. Method A costs 5220 per ton of water
processed and will recover 85 of the metal
Method B costs $160 per ton of waler processed
and will recover 63% of the metal. The two meth-
ods require the same investrnent and are capa-
ble of producing the same amount of gold each
day. It the extracted gold can be sold for 5330
per ounce, which method of extraction should
be used? Assume that the supply of ocean wa-
ter is unlimited. Work thus problem o the basiz
of prapit per auice of gold exiracted. (23]

2-37. Which of the following statements are true

and whuch are talse? {(all sections)

a. Working capital is a variable cost

b. The greatest potential for cost savings occurs
in the operation phase of the hife cycle.

c. if the capacity of an operation is significantly
changed (c.g. a manufacturing plant], the
fixed costs will also change.

d. The initial investment cost for a project is a
nonrecurring cost.
e. Variable costs per output unit are a recurring,
cost.
£ A noncash cost s a cash flow
g. Goods and services have utility because they
have the power to satisfy human wants and
needs.
h. The demand for necessities is more inelastic
than the demand for luxuries.
i. Indirect costs can normally be allocated 10 a
specific output or work activity
j. Presenteconomy sludics are often done when
the time value of money 15 nol a significant
factor in the situation.
k. Overhead costs normally include all costs
that are not direct costs.
1. Optimal volume {demand} occurs when total
costs equal total revenues
m. Standard costs per unit of cutput are estab-
lished in advance of actual production or ser-
vice delivery
n. A related sunk cost will normally affect the
prospective cash flows associated with a
situation
i he life cvele needs to be defined within the
context of the specific situation.
p. The greatest commitment of costs occurs in
the acquisition phase of the life cycle.

e

2-38. One compoenent of a system’s life-cycle cost

is the cost of system tailure. Failure costs can be






