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17. A certain custom engraving shop has traditioaally had orders for between | and SO units
of whatever & custamer orders A large company has contacted this shop about engraving
“reward” plaques (which are essentially identical 10 each other). It wasts the shop o place
a bid for this ardee The volume is expected 10 be 12,000 units per year and will most
likely last four years. To successfully did (low enough price) for such an onder, what will

the shop likely have to do?

Case: Circult Board Fabricators, Inc:

Circuit Board Fabricators, Inc. (CBF), is a small maon-
facturer of circuil boards located in California near San
Jose, Companies such as Apple Computer and Hewleti-
Packard use the company 1o make boards for prototypes of
new products. h is imporumat that CBF pive quick and very
high-qualiy service. The engincers working on the new
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uip can handle.
The f ing i a description of the sieps involved in
processing an order &t CBF:
! Order acceptamce. Check 10 verify that the ander
Ais within the specificathon of boands that ca be

products ere on a tight achedule snd bave litile duced with CBF oq The process engi-
wizh sloppy work or misted delivery dates. mauCBFstmmemmpmm
Cmbondinnngdnnuﬁcewmm resolve any problems with the arder.
r are P such as 2 NC mackin CAD infc ion is
d circuits, i and diodes are used 10 program the machines to produce the order.
\aluhmdlolhehuud&l.imnlﬂ'um e eiched 3 Board fabrication.
et the hosrd and el Iy connect the 5 a Clesm. Each board is mamully losded into this
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circuil board are used to connect traces on both sides of
the boards, thus allowing complex circuits to be imple-
menied These boards ofien are designed with 40-50 com-
poneats that are connected through hundreds of traces oa
a small four- by six-inch board.
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machine by an operster. The machine then cleans the

boards with a special chemical. Each board is then
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b Ceat- A liquid plastic coating is deposited on

bath sides of the board. Following thiv process,

an operator places the boards on a cant. Each cant,

m.mmam is then moved
i 10 the “clean room.”

mummfammmmnmm
ricating the boards requires CBF's nunerically controlled
(NC) equipment to be programmed. This is largely an anto-
mated process that works dicecdy from engineering draw-
ings thet are formatied using industry standard codes.

¢. Expase. This photographic prooees makees the ex-
posed plastic coating resistant 1o dinsolving in the
wrcan where the copper traces ase noedod. An opera-
tor posst atiend 1o this machine 100 percent of the
tirpe, and Joad and wnload each individual bosrd.
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(CAD)Mmgoﬁhboud.MCAdewngmmdy
specifies each circuit trace, circuit pass-through holes, and
componem mounting poinis on the bosrd. An electronic
version of the drawing is used by a CBF process eagineer
1o progmam the NC machines used 1 fabricate the boards.
Due 10 losses in the system, CBF has a palicy of in-
creasing the size of an order by 25 percent. For exemple,
for a typical arder consisting of 60 bosrds, 75 boards
would be stariod through the process. Filteen peroent of
the boards are typically rejected during an inspection that
occurs eady in the manufactaring process snd another
S percent of the remaining boards are rejected in final Lest.

Board Fabrication Process

CBF purchases circuit bosid blasks from o vendor, These
boards mre made from woven fberglass cloth that is im-
pregnated with epoxy. A layer of copper is Lominsted oato
each side w0 form & blank board. The hlask boerd comes

d. Iy p. Each board is manmally loaded onto
this machine. The boands are dipped by the ma-
chine, one-st-s-time, in a chemical bath that
in the proper areas. Afier dipping, the machine
places each boerd on a conveyoe.

e. Inspect.  Each board is picked from the conveyor
as it comes from the developer. The board ks opti-
cally checkexd for defects using & machine similar 10
a scanntr. Approximately 15 percent of the boards
are rejocted af this point. Boards that pass inspec-
tion are placed beck oo the conveyor that ferds the
bake oven. Two inspectors are used st this station

f. Bake. Boards trevel hrough a bake oven thet

placod on a cart. When all the boards for an arder
ere.an the can, it is moved 1o the drilling machines.
£- Drillimg.  Holes are drilled using an NC machine
10 connect circuits on both sides of the bosrd. The
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MantaciUn S e Beny i P

I i S S AT
LLILIIRAIN Circuit Board Fabricators—Process Data

Required outpu: per shit 1.00
Average job sze (boards) 60
Prod.cton hoss per day 75
Worxing dey's pe” week 5
Em e' Nuumes of Ninmasa of SETUP (savUTES RUN (awtrtes
For e Encel F FER JOB) PFER PART)
aecum e
wa e et e Load 1 1 L] 033
Cean 1 05
Cost ! as
Uniaad 1 1 033
Exposs £ & L 1n
Load 1 1 3 0n
Deveiop 1 LK<}
repect 2 2 0s
Belw 1 [k}
Unioad 1 | 033
Driling € 3 & 15
Copper piate 1 2 ] 02
Final bt e ] 15 200

boards are mamually loaded and unloaded The
machines are amanged so Lhat ane person can keep
two machines poing simuivancously. The can is
used 10 move the boards to the copper plate bath.
h. Copper plate. Copper it deposited inside the
holes by ramning the boards through a special cop-
per plating bath. This copper comnects the traces
o both sides of the boand. Each board is manu-
ally joaded oo & comveyor that passes (hrough
the plating hath, Two people & eeeded for this
process, one loading and & second unloadfing the
conveyor. On completion of plating, baards are
moved on the cant 1o the final test machines.
Final test.  Using a special NC machine, a final
clecirical test of each board is performed 1o check.
the integrity of the circaits. On average, approxi~
mately 5 perceat of the boards fal this test The
boards ere mamulBy loaded and unloaded. One
person is peeded W aperste each machine and
sort the good and bad boards. The can Is used to
move the pood boards 1o the shippieg sres. The

.

per day. Unforumaiely, to date it has not come near that
capacity and on a good day it is able to produce only about
700 boards. Data canceming the standard setup and run
times for the fabrication process are given in Exhibit 7.8,
These times include allowances for moming and aher-
poon breaks, but do not inchude time for the half-hour
lunch period. In addition, deta on carreat siafling levels
also are provided. The CBF process eagineer insists that
the capacity at each process is sufficient 1w run 1,000
boards per day.

In order 10 help understand the problem, CBF hired a
consulting company to help solve the problem.

Questions
CBF hired you 1o belp determine why it is aot sbiz 1o pro-
duce the 1,000 boards per day.
1 What type of process flow structure is CBF using?
2 Diagram the process in 2 mammer similar lo
Eahibit 7.7.
3 Analyze the capacily of the process.
4 Wha is the impact of losses in the process in

bad boards are scrpped. i
Skdppi T red ord Sed Inspection snd Final Teu?
g e g - 5 What recommendationn would you make for a
ipped i short-1erm solutioa 1o CBF's probiems?

The plant was deaigaed 0 ron 1,000 boards per day
wheos ruasieg ve days a week and one cight-howr shift

6 What long-lem recommendatioss would you
make?
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