CHAPTER 13

PRI

Just-in-Time

esses just-in-time (JIT) approaches for manufacturing planning and
y building block for modern approaches to manufacturing planning
and is both a philosophy and a set of techniques. Moreover, the
echmiques 80 d tradi.tional r.nan.ufacturing planning and control systems. JIT
hanges manufacturing practices, which in turn affect MPC execution. JIT greatly reduces
the complexity of detailed material planning, the need for shop-floor tracking, work-in-
10CESS inventories, and the transactions associated with shop-floor and purchasing
systems. These gains come at the cost of more tightly coordinated manufacturing
h inside a company and with supplier firms that produce under JIT. The
on the MPC aspects of JIT but necessarily touches on broader
d around the following seven topics:
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JIT in manufacturing planning and control: What are JIT’s key features, and how do

they impact MPC systems?

A AJIT example: How can the basic princip
example?

A JIT applications: What are some concrete examples of JIT practice?

A Nonrepetitive JIT: How can JIT concepts be applied to the nonrepetitive manufacturing
environment?

A Joint-Firm JIT: How is supplier-customer coordinati

4 ZT SoﬁWflre.‘ What features of computer packages support JIT?
anagerial implications: What changes are required to fully pursue the benefits of JIT?

A

les of JIT be illustrated in one simplified

on supported with JIT?

JIT
Tin Manufacturing Planning and Control

Figure
13, _ : ;
! shows how just-in-time programs relate to our manufacturing planning and

“ntro] .
o Mework, The shaded area indicates the portions of MPC systems that are most

ted by ; s
Y implementation of JIT. The primary application area is in back-end execution.

OWever, .
T extends beyond manufacturing planning and control. JIT programs raise
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Major Elements of Just-in-Time

Many definitions have been put forward for just-in-time,
ch to minimize waste

One popular definition of JIT is an approa
focus is too broad: it helps to subdivide waste into time, energy: materi
useful common denominator running through this and other JIT definition
philosophy of pursuing zero inventories, zero transactions, and zero «disturbances
disturbances means routine execution of schedules day in—day out).

. The JIT literature is largely one of cases. The best-known JIT examples ar¢ from firm’
with high-volume repetitive manufacturing methods, such as the classic €3¢ of Toyo
The most :EUSSE features of these applications have been the elimination of discre®
W:mn&mﬁ.azzm batches in favor of production rate goals, the reduction of io_ﬁ_h-ms-?o&m
inventories, production schedules that level the capacity Joads and keep them 1

and they have evolved over time:
in manufacturing: This
al, and errors: A
s is a broad
? (zer0
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production schedules where all pro
| systems where workers vczm ﬁerMMMHMMHM MMM . oﬂa& e
erwork or complex overhead support, and direct ties t cute the m%&:_n
ality goods frequently. All of these have MPC implications o vendors who deliver
. time objectives require physical system '
¢ example is setup time n&cwmo: HMMWMMN_W“ Mmmmnasm to make the
This is necessary to make all of the products constantly. It’s &mmzms:.% &:&.5
ry levels. Setup :wumm are typically reduced by applying SBMMW_MQMH 5.9
engineering techniques to analyzing the setup process itself, often by so%mammz o
g a video camera. The results of setup time reduction have been impressi @%?8
overs of several hours have been reduced to less than 10 B.Ecswn ,mwzm indeed.
ved by many firms is expressed by Shigeo Shingo: SMED .Ammnmﬁmo&.soé
eaning all changeovers take place in less than 10 minutes) gle-minute
her physical prograrm is improved quality through process w:?oé?mza M
JIT firms have programs of quality awareness and statistical process control. Inare .3%&
manufacturing system any quality problem will result in a stoppage of the m.naz mwi m““wa

unless undesirable buffer inventories are held.
Quality improvement has taken many forms and is largely beyond our present scope

Two critical aspects for JIT are TPM and poka-yoke. TPM can stand for both total
preventive maintenance and total productive maintenance. The goal is to apply the
&:mm:nmo::om:ﬂ quality impro !

: : . .<m32: to equipment and process quality. Poka-yoke
means m.oo_Eoo» operations. This is achieved by building operations in processes so that
quality is evaluated as it’s created. This also ensures low cost through findin,

B . ; g defects at the

eyre created. These quality programs have an impact on MPC system requirements
and design.

Most JIT programs include continual improvement as a maxim for day-to-day

h worker should get better in some dimension, such as fewer

s. Continual improvement is achieved by

nd products in 2 never-ceasing

worker involvement

hTmBM..mm. i

lot sizes:
reducing invento

usin
Change
being achie
exchange of dies, m
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operations. Every day, eac
%mx.”:. more output, or fewer stoppage
S..%Sm thousands of small improvements in methods a
quest for excellence. JIT best practice includes a strong degree of

and sg,wﬁ participation.
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shaped to increase worker
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re more
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oo MM&&. An extension of the cellular concept is
a factory focuses solely on one group of produ
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Figure 13.2 JIT Benefits
e

Manufacturing throughput time reductions
Materials moved shorter distances

Less material movements in/out of storage
Reduced transactions

Simplified MPC systems

Reduced changeover times

Greater responsiveness to market demands
Inventory reductions

Labor cost reductions

More satisfied/cohesive workers

Better team work

Space reductions

Quality cost reductions

Quality improvements

In summary, a JIT orientation includes several action programs:

1. Reduction of setup times and lot sizes
2. A“no defects” goal in manufacturing
3. A focus on continual improvement

4. Worker involvement

5. Cellular manufacturing

Figure 13.2 lists the typical benefits gained in a JIT program.

JIT’s Impact on Manufacturing Planning and Control

JIT influences all three areas of our MPC framework (front end, engine,
JIT’s primary contribution is in the back end, providing greatly streamlined exec
the shop floor and in purchasing. JIT can eliminate standard shop-floor reporting$)°
reduce costs of detailed shop scheduling, significantly reduce work in process and
times, and support better vendor scheduling. iled
However, JIT is not without influence on the front end and engine. In the dett”
MRP planning of the engine, JIT reduces the number of part numbers planné
number of levels in the bill of materials. Many part numbers formerly plan ped ridls
analysts can now be treated as “phantoms” (i.e., as part numbers still in the bill of Ba_m%m
but not transacted into and out of inventories). This means that instead of MPC

and back end)
ution on
tems,
Jead

pased on detailed operation Steps to make :
of assemblies, using cross-trained 20%&6 individya]
detailed planning. The result is often, an o@a and celly)ay m
detailed material planning, with a 8:8:”.

with planning/execution at the assembly |
the overall flow time from parts to finish
Inthe frontend, JIT also gives rise to
?om:&o: schedules require relatively]

o MEm is a rate-based MPS—that is R for smooth mrov operations, |
drive toward more stable, o s i
activities, such as setup ti Evn _Mmm,n MN%-EE schedules dictates mg 115 per hour or day. This
¢ reduction. To the extent that Jead i ny of the required JIT

many firms thathad to provide inventoriesin anticipation omma times are sufficiently reduged

firms) now find themselves more like make-to-order ora ?MSBQ. orders (made-to-stock

tores i ssemble-to- i

able pond to customer orders. This, in turn, can affect demg M order companies, better
nd management.

In JIT execution, orders move thr
to track their progress with a noBEM“MmMHMWMMM.n tory so quickly that it not necessary
argument holds for purchased items. If they’re noswwwﬂn%”hwmnmﬂao_ system. A similar
HHMMMW M_m_ MMMN»MM sznumnmmme R.u put them into mﬁonwnwwwgmw wmaamrswﬁzw r% o
fm eom smply pay the Mﬂm <mmmm0n§& with receipts from vendors. F&SM %m _ww
comgletedlosi: nomas :. or for ﬂ.ro purchased components in whatever Sm
: period; there will be so little work-in-pr i ’ cna -
SOH%TQEQ party keeping track of it. S
e conc i .
W rriony Mwmwom MM%M_Mw nono.smE inventory balances when finished items are
N vy e y mn_&:mr:..m. Instead of detailed work-in-process accounting
iventory balamees vom-oM 2. :m:wmnwonm, some JIT firms just reduce component part
finished s Ioiw mxwvo%:m %w g_._m of .B&QE for whatever has been delivered into
T Gﬁn:mo: mm mm\mb mn_&cmF:m .5.%:8 a very high level of data integrity.
Bt caed mV\mﬂmBMM&ma o% MBEE? The 58.2 is to design manufacturing cells,
Gisurbances By o :MMMM mm ow .ancmr nw:::m? 2;7. problems of mcaé\ and
Sy5tems can be omolond b , routine mxmngo: vmno:.am just that: routine. Simple
extensive overl ployed by shop people without detailed records or the need for
ead staff support.

evel |
linstead of with deta; - Moreover,

a e
goods is Significantly reduced

The Hidden Factory

Amga
n : . .
ufactur ing firm comprises two “factories.” One makes products and the other (the
tems. Over time, the

hidd,
en .
forme Mmﬂon ¥) processes transactions on papers and computer sy* .
I factory has been decreasing in cost, relative to the lattet A major driver for these
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isti ions include ordering, execution, ang
i i tical transactio.
costs is transactions. Logis

Confirm,,
one location to another. Included are the costg
m

of pers
i ing fro ] :

of Ewﬁw:‘&m Bmwm%:m expediting, data entry, data processing, accounting,
in receiving, s s

iminate the vast majority of this and ery,,
follow-up. Under JIT, the goal is to %B_:mﬁmmnwm_uﬁnr of w:mﬁam_ as it nwz Pl ang the
i Work orders that accompany each | i . oves z:ocmr
associated nomam_w:?mﬂmm. If the flow can be simplified, increased in volume, Quick ang
- wmnMMMM mHQm is no need for paperwork. . B
guarauteed, sactions are those needed to verify that an mn:SQ. actually
Balnens :._mn ely associated with the planning that generates logistica] t
e mammmﬂmmow_ control, purchasing, master scheduling, forecasting,
et el tenance. In most companies, balancing transaction ¢
o wnonnmﬂsm_\g_dmﬂ& manufacturing overhead costs. JIT again offers 5 significap
. mﬂ@& " nm 8_ reduce these costs. MRP planning can be cut by perhaps 75 ¢,
ovﬁozcEa\. e E.ﬂm: Improvements generated by vendor scheduling can also be
it 83_% s =M longer need to process their sets of transactions.
mﬁmsnwu_w,\ﬂm“ﬁwﬁa extend far beyond what one normally thinks of as quality contro],
Fn_co%m Nm identification and communication of specifications, certification that o&.s
transactions have taken place, and recording of backup data. ~.sm5< of E.m costs of e@q
identi d others are largely associated with transactions. JIT, with Qo%.ﬁ .noc_u_sm
_WM_M%MWMM:HM Mwsmcn%mo? has faster quality monitoring and R%o:mn.n%mw;i. m
° i i nges an
ill another category is change transactions. Included are engineering cha g
all .Hmw_m:m Nwmﬂ update mw%ﬁwﬁ system mmﬁmvmm», such as S:m:m_mm,_wmw MMMMMMMMW NMM
specifications., Engineering change qmsmwnco:m are some %: omvmoEm P
company. A typical engineering change ::m? require a meeting of St
control, line management, design engineering, Bm::mwngzsm m:mSl :o:,
The change has to be approved, scheduled, and n.,o::oam. for m.xnrﬂo 0 .:5853 e
One way that firms attack the hidden factory is by finding <.‘Eva_ o m:vonma ok
the number of transactions. Stability is another attack, m:m. again J D on i
is based on stabilized operations. Still another attack o rammw @QM:M T ot
is through automation of transactions (as with bar noa.:.gmv, &MBEM:&QE: sl
data entry, and better data entry methods. But stability an ﬁm% -
should be pursued before turning to automation of transactions. J
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JIT Building Blocks in MPC

As Figure 13.3 shows, JIT links four fundamental building Eo&hm” @:.&:hm
design, human/organizational elements, and manufacturing planning
provides the connecting link for these four areas.

t designs ?o%m
nd controb}

Process
design

Product
design

mzag\cin_igo:a
elementg

and control

Figure 13.3 Building Biocks for Just-in-Time
designing for manufacture in cells,
als to as few as possible, Since each

reduce inventory requirements and speed process

Reducing the number of bill of material levels and process design are closely related,
For fewer levels to be practical, the number of product conversion steps must be reduced
through process design changes, often through cellular manufacturing, Equipment in
cellular Bmscm_ﬁclsm is positioned (often in a U shape) to achieve rapid flow of
production with minimal inventories. The object is to concentrate on material velocity.
Jobs must flow through in short cycle times, so detailed tracking is unnecessary. .

Bandwidth is an important notion in designing B&E@negm manawa. A st
bandwidth system has enough surge capacity to take on some variation in %E.Sﬂ ?M e
Products as well a5 q fairly mixed set of products. The impact on ?.:Vo systerns _m“ Ma_ow__m
on inventory anq throughput time reductions, where 5<2._8Q 15 1ot vE_%M Mnam: s
“apacity requirements, JIT systems are designed to be responsive to as _ﬂm” u.ma objectve is
35 possible, Superior manufacturing processes support greater v»&ﬁ%&% al discuption.
for Mpc Systems to schedule any product, right behind 45y o m _Me JIT, One aspect of
. Humany Organizational elements are another g&:.& ploc cess improvements, and
tis i “ontinual improvement, which implies cross training, ﬂm objective is continual
Whatevey else is needed to enhance worker performance.
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learning and improvement. Human/organizational &mﬁﬁ.;m recognize that +,
range of capabilities and level of wboi&.mm are omo:.Bo.zw tmportant asgetg ¢, %S
than equipment and facilities. Education is a continuing investment in hum
base. As the asset base’s capabilities grow; need for overhead support ;
overhead personnel can be redeployed to mm.m:mmm other mmmcmm” -

Linking human/organizational elements into the other activities has q
on the operation of the production process and MPC system. Bandwidth and gy i
of building inventories to utilize direct labor mean surge capacity myg be ~<m.__wm_g
Implementing surge capacity with direct labor personnel means these people w - _Vm
fully utilized in direct production activities. In fact, the whole person concept s bageg e
the premise of hiring peaple, not just their muscles. As a consequence, direct workers taf M:
many tasks not usually associated with “direct labor” This work can be dope in nonp Sﬂ
production times. This includes equipment maintenance, education, process MBEoéSna
data entry, and scheduling. From a JIT standpoint, the human/organization,] %BSQ,
building block puts a greater emphasis on scheduling by workers and less on scheduling
a centralized staff function. The entire process is fostered by the inherent JIT push towar
simplification. With no defects, zero inventories, no disturbances, and fast throughpu,
detailed scheduling is easier; moreover, any problems tend to be local in nature ang
amenable to solution on a decentralized basis. The whole person concept implies a shift from
indirect labor to direct, where jobs are more widely defined.

The final building block in Figure 13.3 is the manufacturing planning and control
system and its link to JIT. Applying JIT requires most of the critical MPC functions
described in this book. It will always be necessary to do master production scheduling,
production planning, capacity planning, and material requirements planning, If the bill of
materials is reduced to two or three levels, detailed material planning and associated
transaction costs can be cut significantly. If detailed tracking is done by direct laborers
under the whole person concept, additional savings can be achieved. o

We see then that JIT has the potential for changing the character of manufacturing :w
a company, since it reduces MPC transactions. JIT can significantly reduce the size 0
the “hidden factory” that produces papers and computer transactions instead OM Eow\ﬂnw_
Figure 13.4 provides a more detailed listing of JIT’s building blocks and objectives- anf
of these will be described in the next section, which presents a detailed JIT example
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A JIT Example r

roaches

In this section we develop a detailed but simple example to show how MPC %ﬂcm_ i

based on MRP would be modified to implement JIT and describe the smnmwmmmwm o o
u

of's broch¥™

blocks (Figure 13.4) to achieve this. The product is a 1-liter saucepan pPro
models by the Muth Pots and Pans Company. (See Figure 13.5.) The produ

Ultimate objectives:

e Zero inventory
e Zero lead time
e Zero failures

e Flow process
o Flexible manufacture
o Eliminate waste

Building blocks:

e Product design:
Few bill of materials levels
Manufacturability in production cells
Achievable quality
Appropriate quality
Standard parts
Modular design

¢ Process design:
Setup/lot size reduction
Quality improvement
Manufacturing cells
Limited work in process
Production bandwidth
No stockrooms
Service enhancements

Measurement

_r:*o:ﬁmz.o: System changes
mmamar_v\va_,mn Management

Ma i ;

Rapid flow times

Small container sizes

Paperless systems

Visual systems

Level loading

_<__2u interface

Close purchasi ionshi

p mo%zmﬂm ng/vendor S_mﬁ.osm_.__vm

Reduced production reporting/
‘_:<m:3_,< transaction processing

Hidden factory cost reductions

Basic product

Executive handle option

Clad pan option

Qz((

| ar? |

Figure 13.5 The 151 One-Liter Sau

nmbm: Line
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sums up its importance: “If you ain't got
of a JIT program for the saucepan th

Leveling the Production

a Muth, you ain't got a pot”

at range from leveling production to redes;

product. Some of these elements have direct MPC relevance;

indirectly.

others will affect

" We'll ~OOT at m_mEaE
§

80ing fh,
Mpg only W

We start the saucepan’s JIT program by no:m&ma,:m how to .Amﬁ_ and Stabilizer |
production. This means planning a level output of 1-liter saucepans with Gm fu
models each day (or week or some 0.92 mwoz interval). Full-mix productiop {
interval provides less inventory ?.:Ec.m in each s.ﬂoam_. Moreover, ﬂ.rm m.nr&
respond to actual customer order 8:9«6%& more quickly. Level 05?.: implies
to stabilize production and related activities .o: En mo.ov wm.mo% mmﬁ.:.m how th
be done, let's compare Muth’s manufacturing situation with traditional MRP-bageq
approaches.

Wi of
1 a shoy
ule cap
wmﬁ.sm,
is Ewmr” [

Currently, Muth uses production planning to set the overall production Tate,

Figure 13.6 Annual Forecast Data

necessarily building inventories in anticipation of the Christmas season demang peak,
The annual forecast for each of the four models is given in Figure 13.6. A maser |
production schedule, for each of the four models, is exploded to produce a haterial
requirements planning record for each of the 14 component part numbers mroé on the
part listing in Figure 13.7. Safety stock is carried for all components, and productionisin
the lot sizes indicated in Figure 13.7. Figure 13.8 gives lead times and routing data; lead |
times are computed on the basis of two days per operation, rounded up to the next whole
week using five-day weeks. A typical MRP record is shown as Figure 13.9. _

To plan for level production, the first step is converting the monmnmm.a G the daily
requirements for each model. Using a 250-day year, this conversion is shown in Figure E.o. |
Note the difference between the current lot sizes and the daily requirements. um::.
production will put pressure on process design to reduce setup times. Two other possible

Completed Pan

Description of Model

e Annual |

Model Number Handle Metal mommwn)mmm ,

151A Basic Sheet 200,000 ,,
1518 Basic Clad 2,500
151C Executive Sheet 25,000
151D Executive Clad 100,000

“Handle
{ assembly |

«Emm:n i
handle set

|

1 Plastic
beads

Lot Size

Models {end items)
Complete pan 151A
Complete pan 151B
Complete pan 151C
Complete pan 151D
Component parts

Regular pan 1936

Clad pan 1937

Basic handle assembly 137
Exec. handle assembly 138
Basic handle set 244

Exec. handle set 245
Basic handle base 7731
Exec. handle base 7735
Ring 353

Rivets 4164

Sheet meta| 621

Clad sheet 624

Handle sheet 685

T_mw.zn Umem 211

8,000

900
3,000
6,000

14,000
8,000
14,000
8,000
9,000
9,000
14,000
12,000
24,000
100,000
1 coil
1 call
1 coil
5 tons

Safety Stock

5,000
1,000
3,000
5,000

10,000
6,000
8,000
5,000
8,000
8,000
8,000
5,000
15,000
50,000
1 coil

1 coil
1 coil

1 ton

151A

>

> x

1518

X
X

>

x X X

151C

X X X X =

>

151D

> X X

> XX

Brﬁm.goam_ m
based o daily
batcheg are to
Model 155,

aster production schedules are shown in Figure 13.10, in addition 6 the one
Production batch sizes. The first shows quantities to be ?oa:.n& if TQ:ME
be made. The second shows an MPS with the minimum batch size of one for
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Figure 13.8 Routing and Lead Time Data

Department Item Routing -
1. Spot we!
Final assembly Complete pan 5 _:N.umg
3. Package
lank and f el = 2 weel
Punch press Pan 1. Blan <and form oy
2. Roll'lip - Vs
3. Test for flat : o_wﬁ
4. Straighten wams
5. Inspect MQMWW
= s
Total = 10 days = NSmmrm
Handle base Handle base 1. Blank and form 2y
2. Inspect 240n
Total = 4 days = 1 Week
Handle assembly Handle assembly 1. Rivet g
2. Inspect 2days
Total = 4 days < 1 Week
Injection molding  Plastic handle set 1. Mold 2 days
2. Deburr 2 days
3. Inspect 2 days

Total = ¢ days = 2 weeks

Purchased Items

Purchasing Sheet metal

Purchased
Clad sheet metal lead time
Plastic beads one week
Ring forall
Rivets items
Figure 13.9 MRpP Record for Basic Handle Assembly (Part 137)
Week
T 2 3 4 5 ¢ 7 8 9 1
Gross requirements 8 81 3| 8 8 H
Scheduled receipts -

Projected available balance 1011016 16] 8 19|11 [ 11| 17 :H
Planned order releases 14 14 4 ‘

Q=14;(T= 1.55=8.
All quantities are jn thousands,

Option configurations: -

Handle Basic Bl .

Pan i Sheet Clad mx%%“ﬂm Executive
g foreesss (i) 2000 250 0 e
Possible mixed model master i

production schedules:

Daily batch MPS 800 10 100
Hourly batch MPS 100 1.25 125 #mm
Minimum batch MPS 80 1 o x

*Data are based on a 250-day year and an eight-hour work day,

Pull System Introduction

A“pull” system exists when a work cent y when it has been
signaled that there’s a need for more parts in a downstream (user) department. Thi implies
no work center is allowed to produce parts just to keep workers or equipment busy, It also
means no work center is allowed to “push” material to a downstream work center, Al
movements and production are authorized by a signal from a downstream work center
when it has a need for component parts. Frequently, it's believed that the pull system creates
the benefits in JIT. In fact, primary payoffs come from the discipline required to make the
System work. Included are lot size reductions, limited work in process, fast throughput, and
guaranteed quality.

Signals for comm
include rolling

center when
sending an ey
Omponents
a8pecific ny
10 prodyce
Space as it
Output jg
more pro

er is authorized to produce onl

unicating downstream work center demand vary widely, They
a colored golf ball from a downstream work center to its supplying soﬂw
he downstream center wants parts; yelling “Hey, we need i
Pty container back to be filled; and using cards (kanbans) to indicate more
are needed. A widely used technique is to painta JpReEgn the mom: Eﬂ ro“MM
mber of parts. When the space is empty, the producing department > »E» oﬂﬁrn
material to fill it. The consuming or using department ﬁww.a QM:MMW M_“:“S%
needs it; typically, this occurs only when the space é&oﬁﬁﬁ a Snvmmm:a for
€mpty. For the Muth example, we'll use an empty .BSSEMH .mme. e corils the
duction; that is, whenever a using department mamza ’ noMWM“W m.cﬁroimaos
ck to the producing department. An empty container repr

COntainer by,
to fill it up.
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Given that Muth has committed to a level schedule where all models ata
day, the firm is almost ready to move into a pull mode of operation. Twe ma&m: v
need to be faced. First, there’s the question of stability. For most pull systems :,M_s_ issgg
to keep the schedule firm (frozen) for some reasonable time. This provides m.n&.ﬂmnasa.
upstream work centers, as well as overall balance to the workflow. For Muth .M Ity tg the
schedule is frozen for one month, with the daily batch quantities given i, T SSUme g,
(1,310 pots per day). 8ure 131

The second issue is determining the container sizes to transport materials
work centers—a fairly complicated issue. It involves material handling Comside mg.,ag
container size commonality, congestion in the shop, proximity of work centers Tationg
course, setup costs. For example, consider the container used between hap dle Mgmm:? of
and final assembly of the pots using the basic handle, part 137 (810 being used v»w“g%
The center is currently producing in lots of 14,000. We'll choose a container size .&w;mwv.
100 pieces representing just under an eighth of a day’s requirements, Note this choice olds
a great deal of pressure on the handle assembly work center to reduce setup times, puts

Figure 13.11 shows the flow of work in Muth’s new system for handle assembly to the
final assembly line. Only two containers are used for part 137; while one is being used ot
the final assembly line, the other is being filled at handle assembly. This approach i very
simple and is facilitated by the two departments being in close proximity. Figure 13,1
shows the factory layout. A worker from the final assembly line or a material handler cap
return empty containers. Any empty container is a signal to make a new batch of handles
(i.e., fill it up). It’s interesting to note the difference in average inventory that will be held
in this system, compared with the former MRP methods and the lot size of 14,000. The
system with a small container approaches “zero inventory,” with an average inventory of
about 100 units. Compare this to the inventories shown in the MRP record of Figure 139
(average projected available inventory balance = 13,400).

This pull system example has no buffer at either work center. It would be possible to add
another container, which would allow greater flexibility in handle assembly, at the cost of extra
inventory in the system. As it is, the final assembly area would use up a container in just under
one hour. This means the system has to be responsive enough for the empty container to be
returned to handle assembly and a batch made in this time frame. An extra container »:osw
more time for responding to a make signal (an empty container) and also allows more flexibility
in the supplying department. The extra inventory helps resolve problems—for example, Whe?
several production requests for different parts (containers) arrive at the same time.

ade evey,

Product Design

To illustrate the implications for product design, consider the basic and
for Muth’s 1-liter saucepan shown in Figure 13.5. There are two difference

Start
of day

I

Handle
assembly area

Outboung
m=<n=?=.<

|

[ | e

Move Empty container

Partially full

HEFdFdooc

Full

Figure 13.11 Pull System for Muth Pots and Pans

handles: the grips and the ring placement. With some redesign of the EN.smn parts on %.n
executive handle, the handle base becomes a common part and the ring placement 15
€ommon between the two handle models;
Standardized. The only difference would be the choice of p
Tedesigned handle base is shown in Figure 13.13-

the methods for handle assembly could also be
Jastic handle parts. Such a
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mm%
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components
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. press
Offices Raw Mmaterialg
D inventory
D = Inventory

Figure 13.12 Factory Layout

Figure 13.13 Redesigned Handle Base

In addition to the improvements this design change makes in handle subassembly,
there are potential impacts in other areas as well. For example, handle bases would have
one combined lot of production instead of two, with attendant reductions in Eéms.q. It
EWmE now be possible to run the handle base area on a pull system as well, with containes
passing between the handle base area and the handle subassembly area. Another advantag
is a simplification in the bill of materials, a reduction in the number of parts that must be

- : Co of
planned and controlled with MRP, and a concomitant reduction in the number
transactions that have to be processed.

Process Design

. . - . mxmd%_m_
The product redesign, in turn, opens opportunities for process improvement. mowaa_as
it may now be possible to use the same equipment to attach both kinds of plastic

Bz&
the handle base. Perhaps a cell can be formed, where handle bases are made and 255¢

. Handle
Nspection

Spot welg
handje to pn

Deluxe handles D

Inspection

Package

O O

base blanking

QO Open for expansion @ Occupied for production Dno.._..._:n:

Figure 13.14 Cellular Manufacturing of Handle Assembly and Final Assembly

as a unit. Figure 13.14 shows one way this might be accom
of the handle assembly cell and the final assembly line
example that no significant inventories are anywhere on the line, and both handle base
material and plastic handle parts are replenished with a pull system based on containers,
Figure 13.14 also illustrates the bandwidth concept. Several open stations along the
line would permit adding personnel if volume were increased. Moreover, perhaps Muth
would like to establish different production rates for certain times. For example, perhaps
this pan might be manufactured in higher volumes near the Christmas xﬁos..,zg;
needed is the capacity at the cell to move from one level of output to another. This added
capacity probably means the dedicated equipment will not be highly utilized. |
The cell is designed to permit variations in staffing to better respond to wzhwm
Customer demands. If an unexpected surge in demand for executive handle womqn.o» e
through, the cellular approach will allow Muth to make the necessary %%m.nw ME e
to live with this kind of problem with smaller finished mmo% Eﬁ%%.:. to produce
Perhaps this cell can be further expanded in terms of bandwidth and flexibility
handles for other Muth products.

plished, including an integration
in a U-shaped layout. Note in this
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The value of Quality improvement can be seen in Figure 13,14, The inspec;
takes up valuable Space that could be used for production. It adds ¢ v
bad products ar.

: St 1o the °n Satig,

€ being culled by inspection, buffer stocks will be required 1, xm?oacg_ ¥

assembly line going. Al} of this is waste to be eliminated. P the fing
Bill of Materials Implications

The product redesign results in a streamlined bill of materials. The Number o
from the customer's point of view has been maintained, but the number of pats o?.?w
has gone down (e.g., components have been reduced from 14 tq 10). Wity .mrmﬁa:a
layout shown in Figure 13.14, the handle base and handle assembly ng rEmQ &Es
inventoriable items. They are “phantoms” that won’t require direct E&E.Sm wpaenz a
with MRP. The product structure given as Figure 13.7 now will look like Figure Jnquz
Several observations can be made about Figure 13.15. Ope is that hap o
have ceased to exist as part of the product structure. If we wanted

andle aSermibieg
! 10 maintaiy g, hang
assembly for engineering and other reasons, it could be treated as 3 phanto ¢

o i m. Figure 1316
shows what the MRP record would look like in this case. In Figure 13,

16, there Some

. Complete
1-liter

1wm=_nmrcms,
L il

Plastic Sheet ntal h Rivets
handle set m

(3 required)

Plastic beads §

Figure 13.15 Simplified Product Structure

Figure 13.16 MRP Record for Phantom (Part 137)

Week
1 2 3 4 5 6 7 g 9 W
Gross requirements {4050 {4,050 {4050 14050 {4,050 [4,050 [a,050 | 4050
Scheduled receipts “ f — H M %
Projected available / /
balance 15,000{10,950 | 6,900 {2,850
Planned order releases , , * T.Noo T.owo wao T.omo 4
Q = lot for lot; LT = 0; SS = 0.

existing inventory to use up; Phanto, .

this inventory before making more, Te
Another observation ig that Pans 4

two part numbers and their o o5

; eMaiy 4 ;
Sociated iy, 2N ag Ventorighje ;

CNtorieg ™2y wel be thy

Indirect |
Finally, we need to consider the amﬁr
respond to market conditions, the reducy
greater velocity with which Mmaterj

uct wg.ﬁﬁn—uﬂ C . v
Figure 13.8, five weeks are required for the mo% Figure 135 an
approach cuts that o just over twq weeks, which o awwnms materj
M

JIT Applications

Single-Card Kanban

Figure 13.17 depicts a factory with three work centers (A, B,and C) producing component
parts, three work centers (X, Y, and Z) making assemblies, and an intermediate storage
area for component parts. A single component (part 101) is fabricated in work center C
and used by work centers Y and Z. To illustrate how the system works, suppose work
center Z wishes to assemble a product requiring component 101. A box of part 101 would
be moved from the storage area to work center Z. As the box was removed from w.szmm,
the accompanying kanban card would be removed from the gx... shortly ﬂwsmmzo”,z M ﬂﬂ
card would be placed in the card rack at work center C. The cards in the rack at any
center represents the authorized production for that work center.
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Oo:..ﬁo:ms_.va:. Component-part
producing work centers storage

>mm050
ly
Work Center

o P———
l/
N

1 )
e

T g

Card rack

Kanban card

Made in C

—> Flow of component parts
~—-> Flow of kanbans

Figure 13.17 Single Kanban System

The greater the number of kanban cards in the system, the larger the inventory, but
also the greater the autonomy that can be attained between the component-producing
work centers and the assembly work centers. Some priority system can be implemented
in the component work centers, such as working on a first-come/first-served basis or
imposing some time requirements (such as all cards delivered in the morning will be
returned with filled containers in the afternoon of the same day and all afternoon cards
will be delivered the next morning).

Toyota

JIT system in the
en adopted bY al

faster than
and

The production system at Toyota is in many ways the most advanced
world. The revolutionary techniques developed by Toyota have now be :
the major automobile companies in the world. Toyota still turns its inventories &
most companies in the industry while also being very competitive in price, quality
delivery performance.

; e 4

T
¥

,a.w.Fﬁw.law!ﬂ,ﬁk ,,

P

e

Cost reduction

{" Production |
8 methods § | Control by
S r—— - teamwork

I » Small lot size

* Job finishing within
cycle time

Source: European Working Group for Production Planning and Inventory Control, Lausanne. Switzerland,
4 , Switzerland,

Figure 13.18 Toyota's Production System

Figure 13.18 shows the Toyota production system and where JIT fits within the
overall approach. To some extent, the role given to JIT in Figure 13.18 may appear less
encompassing than one might expect. For example, the “climination of unnecessaries” is
seen as fundamental. All of the objectives and building blocks for 1T listed in Figure 134 are
in basic agreement with those in Figure 13.18. The box for production methods s basically
the same as process design in Figure 13.3. Included under this heading is the multifunctional
worker, which matches with several aspects of the human/organizational element building
block. Also included is “job finishing within cycle time™; this is consistent <.\§ the
dominance of material flow velocity and the subservient role of direct labor utilization.

Toyota’s Kanban System

The Toyota view of just-in-time production shown
system” with “Kanban” below it. The information syst¢

in Figure 13.18 includes “Information
m encompasses the MPC activitics

.aﬁiﬁ..]

- Y

A RSN
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: is the Toyota technique

necessary to support JIT execution. ﬁzcma Mh”:.m nMBme z..mm Emﬂom. 8555%

material flows. The situation at Toyota 1s Muc mediate storage afte Ecmzﬁa in
the single-card kanban example. Toyota has mnter r ancnzoc

e sing front of assembly work center .?2

* Lhjg

s : diate storage in

omponents and additional interme . i
comp roducing work center into an inventory, they, ¢, "

means the work flows from a p DOthe,

inventory, and then to the next work center. For a:m R_mmn_“? Mwwowmmmm a4 tWo-carq
system, but the principles are the same as for the single Ws . _mwmﬂmd. d.a chaiy ;.
dual kanban cards can extend all the way vwnw to Em.mch mﬁ s. 9%8. of Toyota’s SUPpliey
receive their authorizations to produce via electronic kan mM Q&.m M )

Figure 13.19 gives the formula :mm.m to calculate the nEﬂ Hﬁ. of kanban cardg Needed, 1,
this formula, there’s a factor for including safety stock, whic 1oyota says should be Jegq thay
10 percent. Using the formula, no safety mSnT mE.m w no:.ﬂwimn M_Nm of 1, we cap see the
philosophy of the system. Ifa work center required eight units vﬁm ay (one per hour) ang .
took one hour to make one unit, o:_.< one .mmﬁ of two kanban cards would be 982&85
necessary; that is, just as a unit was finished, it would be needed at the mcvmmmcmﬁ.owﬁmgoz.

The container sizes are kept small and standard. .Howog feels .Hrmﬁ 10 container shoylg
have more than 10 percent of a day’s nm@::mama.m. mE.nm m.a\mnﬁ?sm revolves aroyng these
containers and the flow of cards, a great deal of discipline is necessary. The mo:osgm rules

keep the system operating:

Each container of parts must have a kanban card.

A
The parts are always pulled. The using department must come to the providing

A
department and not vice versa.

No parts may be obtained without a conveyance kanban card.

All containers contain their standard quantities and only the standard container for

the part can be used. .
No extra production is permitted. Production can only be started on receipt of a

production kanban card.

Figure 13.19 Calculating the Number of Kanbans

DL + o) (139)
a

«\"

where:
Y = number of kanban card sets
D = demand per unit of time
L = lead time
a = container capacity
a = policy variable (safety stock)
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I Saema
)
’

;/  Problem

N Inventory

Figure 13.

These rules keep the shop floor under control. The execys:
flawlessly following these rules. Execution j also directs Mmcros mmo:. is
In kanban terms, this means reducing the number o;mnrwuwa%o
the level of work-in-process inventory, Reducing the nymber ow M mmm.%m ;rm@x

overall view of inventory as undesirable. I said at Toyota that ards is consistent with an
covers up problems that are like rocks, Figure 13,29 depicts this <_.~<m=8~< is like water that
is systematically reduced, problems are eXposed—and attenio _“mM%o
solution. Problems obscured by inventory still remajn, an

directed toward

aacnim

int. If the inventory
be directed to their

Nonrepetitive JIT

Many JIT principles for high-volume repetitive manufacturing apply in low-volume
production environments as well. However, most low-volume manufacturers have balked
at two basic problems: (1) the requirement of setting up high-volume flow lines dedicated
to a few products and (2) level loading. However, merging of the two camps is taking
place: even for the high-volume repetitive manufacturer, it's increasingly important to
respond to customer pressures for greater flexibility in volume, product mix, and other
service features. The lower-volume job shop manufacturers are in turn learning to adapt
JIT concepts to their environments.

A Service-Enhanced View of Manufacturing

An examination of service operations provides insights into producing products @&2
with greater variety. Rapid response is critical, the number of possible product/service
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) .. re di
combinations continues to grow, end-item forecasting is more difficul, and _E.ma gma
r

inventories are unacceptable. " o
nufacture—one whose objectiye ;
All of this argues for a JIT mode of ma jective is ¢,

out right behind any other, wit, fle be abl

d turn it kil

to accept any customer order an | . il
pravy ) or mix changes, all done on a routine basis. The traditi, ¥ o
handle surges in volume nal gy

view of level capacity must be adapted in :ozﬂnvmﬂﬂ_mm Mﬁmwﬂmﬁw. Nmmwosngm: fo
fickle demand requires a large wmsms:.%r in ﬁma.sm o s mﬂ ; .ﬁ.ﬂ y. Z.o One . N
fire department to be owmaﬂ&.mﬁ Emr. nmwmﬂa\ utiliza M:, Mﬂwgmﬁma.nmmvosw
essential. Surge capacity must be E.Emno. n N.Voﬂ m@ﬁ_wamwg M: abor. A djffe
of asset management and labor E.__E»:ow is required. .me ﬂwmm.ma (both ¢
people) will be less intensively utilized to increase material velocity and gye

e i
Tent Viey
apita] ang
Hm= mw\wﬁma
responsiveness.

Flexible Systems

Leading-edge firms are coming to c.:mmag.:.m Rn::m:gm:a. for <o~.cE.m and prq "
flexibility. Some have had experience in awmﬁ.::a Bm::me:::.m applications of Jyp ang
are now moving into nonrepetitive mww:nm:o&. >: mx.mBEm is a 3?885:&855
equipment manufacturer, which began JIT in ~.8 ?mr.éo_:am g_m.wro:m handset
operations. The firm had a limited number of high-selling models; in tWo years g
inventory turns were tripled, work in process .Swm reduced by 75 percent, failure rages in
manufacturing were cut in half, and setup times fell 50 percent. Thereafter, the firm
turned to its low-volume telecom systems plant, where more than 150 basic circuit
boards were manufactured, and every end item was somewhat of a custom o&ﬁ. The
company learned it needed to go back to the basics of :H:lﬁa.acﬁ engineering,
process engineering, and the whole person concept—to successfully implement JIT for
its nonrepetitive products. . . -
The firm developed cellular designs, began cellular manufacturing with great mmﬁ.gé
and cross trained people with an emphasis on being able to handle volume surges in the
telecom systems plant. MRP was still used for overall planning, but far fewer transactions
were processed by the hidden factory of indirect labor. In the first six Eo_.irmv first pass
yields improved 27 percent, work in process fell 31 percent, and manufacturing cells under
JIT hit 100 percent of schedule. The people then helped out other parts of the company
that were behind schedule!

Simplified Systems and Routine Execution

. .. e e t flow
A major issue in any JIT firm, repetitive or nonrepetitive, is flow times. Work :Mcwa A
through the factory so quickly that detailed tracking is not required. A related 1

veness. In several JIT system
t be called a weekly wag},
ders become week 2’s prodyct;
The weekly wash mv.menr o JIT for nonre

1 mm@Oﬂmm
iwwﬁ Bnmww

mw_mm or

for p iti
- 9.:%255 €NVironme
its Stmplest form -

On schedyle, » Weekly wagh
Petiti
he next time frame, rather than on whe,, o
ﬁ .
actual pequiremen L SEN.H. thana forecast of need Its 4

ftrains or buses. We don’t hold the trajp, until its 7 S though we
oNom_m into a car, within reason, BY sche
M:mamnsm to keep capacity as flexible as p
time frame, TESPONSIVENESs 0 actual demanq can b
can be made more simple.

U make Product X, Ty, Py 4S scheduleq

»and detajleq %r&:::m

Joint-Firm JIT

has been applied and misapplied by companies ; ‘ :
MMGE ask the suppliers to buffer poor %r&&ww. On Mﬁ”ﬂmﬂ mmM%n,wMM wosn firms
joint JIT m@wSm.or can lead to mﬁmﬁ. bottom-line results for both m.:a Ea%o well, a
competitiveness in the marketplace. It is critica] 1o understand the need oy b m_mﬁm&
JIT. For example, we are told by several automotive component suppliers EM” "m% orts v__s
to provide lower prices to Toyota than other firms, becayse Toyota is easy to aoﬂms :
with—the company makes a schedule and sticks to it. Others chap e

: : e B ge their requirements
often, with serious cost implications,

The Basics

The first prerequisite to joint-firm JIT is a scheduling system producing requirements that
are reasonably certain. Without predictability, JIT for vendors is a case of the customers
exporting the problems. Although this may work in the short run, in the long run it can’t,
We've seen a factory where JIT benefits were extolled, only to find a new paving project—
for vendors’ trucks. [nventory had moved from the warehouse to trailer trucks! Similar
war stories abound about warehousing firms in Detroit that are needed to buffer suppliers
a auto companies implement JIT.

Joint-firm JIT needs, to whatever extent possible, a stable schedule. This is consistent
with level schedules for the repetitive manufacturer. To the extent 9&.» firm s.i.gm the
$ame products in the same quantities every day—without defects and s.:.roE missing the
schedule—a supplier firm’s schedule is extremely simple. For the nonrepetitive smscw.nwﬁnm
the issue isn’t ~m<m:=m as much as it is avoiding surprises. The level m%&.c_m 33.\ GM vio Mm@
in Ronrepetitive environments, but there is a greater need for coordinated information
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> bt 2.
: .. However, there’s a major difference p,
fl buffer inventories- . : Ctwe
aws and, perhaps la7ge” d one that’s simply uncertain. The only cyre mSM__HN
e

stable (albeit nonlevel) schedule an
latter case is buffer inventories- ndor might be able to live fairly wey) With
a

inty i ative commodity: A venc :
mowmmmmnmm”w\mmcﬂww_m&nE_u_m on a &mmx gmamc.ﬁ_: <Mm<ommﬁm—““ww % GH m.<.<mmE< s,
A weekly MRP-based total, with some kind of daily € .m o .@:m:nzom. coulq va.
bly effective. In fact some firms have develope ‘e mnﬁ.o: ic kanbans" g X

reasona ,W: notion of weekly wash could also be used; that is, an inventory equal o 5, is
vE.momm. ¢ ted weekly usage could be maintained and replenished on a weeldy} s.a
maximum expecte h it to go to some kind of twice-weekly smmrmmz.
> Or

igh- ducts, it might be wortl
Mcmwhwm_.w NMWMM%S:Q Emolwm:.o: from the n:mnoa.sﬁ‘ via an m-vm.am.m system,
Other “basics” for joint-firm JIT include all —w:m oEm.Q:\mm m:.a building blocks discusge q
earlier in the chapter. A JIT basic uniquely m.mmoamﬂmm with suppliers relates to Pruning thy
number. Many companies have reduced their vendor base vx as much as 90 percent to o
Hidden factory issues have ¢ be

on a truly cooperative basis with the remaining vendors.
considered in vendor relations as well. Some people feel the secret in joint-firm JIT jg ¢,
This isn’t a good idea. The focus must be on coordinateq

connect MRP systems in the firms.

execution. A better approach might be to use blanket orders (or #o orders), MRP for weckly

agreed-upon safety stocks, or amounts by which the sum of daily quantities ca
etermine the next day in-shipment. All thi

y totals, and e-based systems t6 d
out intervention of indirect labor personnel.
manufacturer has such a system: Each day at about 4 p.m,, an

g how many of a particular expensive item to deliver the
never enter a stockroom or inventory record.
ion and assembled that day. The

quantities,
exceed weekl
could be done with

A telecom equipment
e-mail is sent to a vendor specifyin

day after tomorrow. The units delivered
d directly to the line without inspect
n the basis of item deliveries into finished goods inventory. Stability is

They'’re delivere
r weekly MRP projections, using time fences that define

vendor is paid o
handled by providing the vendo
stability. Daily fluctuations reflect actual market conditions.

Tightly Coupled JIT Supply
Major suppliers to automobile manufacturers utilize JIT extensively. As an example, consider
a seat supplier and an automobile manufacturer. In such a case, the two firms need t0
develop a form of synchronous manufacturing, operating almost as a single unit. The
execution is driven by JIT. JIT execution between these two firms means that the automobile
manufacturer will pass the exact build sequence (models, colors of seats, etc.) to the seat
supplier, perhaps something like 30 hours in advance. The supplier needs to build the seats
and deliver them in this time frame. Seats are not built to inventory at the supplien and no
seats are inventoried at the auto manufacturer. The seats are delivered directly t the

A 2 a_f_wvn.u..w. uur«,wwe.ﬁ,..w..m;;w.-.

Joint-Firm g1 393

ssem?
a |s it in the next car. it il
Ply t
Y takes the next seat, and

the lin

imperfect. .
it is rigidly connected and requires joint excelle, iy mxonmﬂﬂ JIT is highly productive. But
ution. It workg .
well—for certaj
n

kinds of products.

Less Tightly Coupled JIT Supply

iority of cases, tw i
In the Bem ity ﬁ ; o mq.Em will not couple thejy manufacturi )
a5 those of a Mwm supplier to its automotive customer i c S._Sm activities as closely
. ‘ - Ihe supplier wi
c EB.BQ@ o.w ly mQEM of which will be supplied by JiT, mwamw H_Q. will have multiple
B:_Eu_w suppliers, an not all of these will be expected to deli tarly, the customer has
alternative solution is for the customer to pick u \ 5 ety o the line, An
uam:msm& schedule. This is increasingly done for mmw mwo& fiom vendors on some
ngee ’ era] rea o
the savings in transportation costs over having each <m:mo~mMMw«Mr.m M:oz obvious s
some nmmﬂm. :Hmrmm been called “just-in-traffic” A second reason a_ﬁM ”mvnnmw&? ¥
Em.&ﬁ.mv_ ity. If t .m n.cﬁoEnn picks up materials, some uncertainty inh : wsgi ond
deliveries can be eliminated. Finally, pickup offers more chances to Masﬁmaa o
ectly att i
e noﬁw Mrm customer can, for example, provide containers that rME MMW M:a.%“
c €Ss1

waoﬂw_:a and that will mo.i as kanbans through the plant. Savings in packaging Bﬂﬁ”w
aswe . mm.nomﬂu of unpacking are helpful to both parties. Items can also be placed on special
ana inside the truck to minimize damage. Defective items can be returned g%« for
replacement wi ;
E@ aceme 2:7. 0 c.ﬁ the :mCm._ costly return-to-vendor procedures and paperwork, Other

p can similarly be simplified when third parties aren’t involved and when the

loop is closed between problem and action in a short time frame.

JIT Coordination through Hubs
A telags . .
r:ﬂ?:ﬁ? new innovation that has JIT characteristics is the supply of materials through
s. A hub is most easily seen as an inventory, placed close to the customer, and filled by
and they are

ﬁ .

Mwam:ﬁﬁrﬁ.m. The costs of carrying the inventories is born by the suppliers,

no_ mmﬁ their goods either as they leave the hub or as they are backflushed into finished
§00ds at the customer. This form of supply is called vendor-managed inventory (VMI).
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VMI is well liked by customers, since it moves inventory carrying costs off the
onto those of the suppliers. But the “no free lunc :.?Enﬁm m.wwzmm” If the CUstome
exports its problems, and does not aid in the solution, the prices will have to be N&.w
to make this work. Moreover, the firm with the lowest cost of capital in the chain )
suited to absorb inventory-carrying costs.

There is, however, a major potential saving in this relationship. Whep it is
the supplier should eliminate its own finished m.oomm E,.\mﬁosa é&m the custg
also eliminates any inventories of these materials. All inventories are in the
visible to both customer and supplier. The customer needs to take the responsiby;; :
providing highly accurate information on its expected removals from invent, ory :W or
build schedules). This is typically provided via an e-based system. The supplier Eww.,r:m
knowledge of exact customer usage: 110 forecasts (guesses), and no surprise orders, ,_,Mm
supplier also has the option of working in what we call the uphill skier mode, wher, e
is the supplier’s responsibility to supply, but in whatever ways it wishes (just ag %ﬂ
uphill skier has the responsibility for not colliding with the downhill skier). Imssmw
few customers who can be supplied with the uphill skier concept allows the supplier
to use its capacities and logistics more effectively. For example, if a supplier knoys
the customer will take 55 units out of inventory 11 days from today, this Provides 4
window for manufacturing and delivery, which is much less constraining than classic

JIT coordination.

I* boog ang

os_w
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N EQE

done Wel}
M in gy,
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Lessons

The primary lesson to be learned in joint-firm JIT is to not shift the execution problems from

the customer back to its suppliers: joint-firm JIT means joint. Many firms have made this

mistake, demanding that their suppliers support them in closely coordinated execution—

while the suppliers see the customer as “waking up in a new world every morning.” Typically,
when the consequences become known, the emphasis necessarily shifts to joint problem
identification and solution, a focus on joint (chain) measures, the need for stabilized
schedules, a true partnership, and help from the customers for the suppliers to implement JIT
with their suppliers. The results for a manufacturer of office equipment were impressive:
overcoming a 40 percent cost disadvantage, reducing its vendor base from 5,000 to 300, and
winning several important awards for manufacturing excellence.

JIT Software

The MPC systems required to execute JIT are relatively straightforward. Most ERP systems
include software that supports JIT execution, Figure 13.21 shows how this software
typically functions.

ERP system

JIT-based master | | IIT planning
v_‘oacnao: schedule and execy figy

IIT suppliers Postdeqye

@Sw:..ms

Te naﬁ éccounting
Porting ang pay ment

Figure 13.21 Block Diagram of IT Softwa
re

The EmmL:. Separation

Emsaa.ﬁmnEQﬁrmsﬁ:ﬂ QESE?:QSE
An ERP system, such as SAP, provides the overall Tt o the overal MPC system,

company systems. Figure 13.21 shows a split wsﬁoﬂ%ﬂnﬂ”a m,ammsﬁaj with other
controlled with JIT and those that will utilize classic zmatoww %ﬁ are 0 be planneg
products, it is necessary to first establish a master production wnmawwmxﬁ.m. For ”.rm i,
rate based. This MPS is then passed to a JIT Planning and execution mcm“ which s.EQ.;.v, is
simplified bills of materials (phantoms) and System that utilizes

et cellular manufacturing, The detafled
planning is also passed to JIT suppliers, typically with an e-b i
exact build sequence. ! oo st g

JIT Planning and Execution

5 planning and execution is driven by a daily build schedule, supported by the JIT

dictates of flawless execution, zero failures, no buffer inventories, cellular manufacturing,

mc: Systems, cross-trained personnel, etc. JIT planning and execution also utilizes an i
iventory management subsystem for any components that are planned with MRP-based

Systems. This subsystem also keeps track of finished goods, any hub inventories,

and deduct points. A deduct point is a stage in the manufacturing process where

the inventories for certain parts are backflushed. That is, in some JIT systems, the
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backflushing is not held off until the goods are finally passed EG finisheq 800q
inventory. The accounting is done in stages. ,.E:m is most :@E:% seen in early Stage ow
JIT, when the flow times are longer and the yields less certain. The use of deducy Poin;
’ s

also helps in migrating from MRP-based planning to :H-.vmmma plannin g \an::os
o decide when a deduct point can be eliminateq

rting to indicate that product comple

- . HD
fact, a typical improvement is t singe 5
deduct step requires production repol : . tion .
reached this stage. Figure 13.21 also depicts an accounting/reporting subsysten, 10 Colleg

performance data and support supplier payments.

Managerial Implications

The vision of JIT presented here is much broader %m.a Gw::mmn.ﬂ:l:m Emsism and
control. JIT is best seen as an integrated approach to achieving continued Sm:cmmgcasm
excellence. A holistic view of JIT encompasses a set of programs, as well as a PTOCess whers
human resources are continually redeployed in better ways to serve company objectives
the marketplace. In the balance of this chapter, we feel compelled to speculate 4 b on
what this implies for manufacturing planning and control and related areas.

Information System Implications

Because JIT requires changes in the ways manufacturing is managed and executed,
changes are required in the computer-based systems to m:_umx.:.ﬂ JIT Sm::mmnﬁ:a:.m. The
changes run counter to some classic IT systems in Bm::@m@::m. JIT calls mOw nwn@cocw
improvement, reducing transactions, and m:Bm:m::m the hidden meoQ.. This implies an
ongoing migration of MPC systems to support reengineered manufacturing processes. To
the extent that JIT is for nonrepetitive manufacturing, personal computers are often used
on the shop floor to support detailed scheduling. For joint-firm :H. planning and
execution, the increasing use of e-based systems is taking place. In Emn:mm., there tends
to be an evolution from simple buying and routine transaction processing to more
coordinated work, including new product developments and other less structured
activities. Many firms now are implementing extranets to support these objectives, where
individual company pairings work on achieving increasingly unique benefits.

Manufacturing Planning and Control

JIT has profound implications for all detailed MPC activities. JIT (including its extensions

into less tightly linked supply chains) offers the potential for eliminating or m:mmww
es

reducing inventories, incoming quality control, receiving, kitting, paper pro

associated Mﬁ% mm_fna and shipmeyyg detaileq I 397
tailed tracking associated vjy, ed scheqy
the de classic ing dog
t to understand these pe Prodyc; one by ¢
jmportan £l "Tefits 5 the Mp ion Ctivigy "ral staff ang al
thinking- Many of them are well hidqe,, C system is eny ON0] gytems It i
. 2 Nhan, LR 1
is never easy to change I ced tq
nmmno:sm:m and other areag mmaNmMMam. oﬁmmaﬁmoa h ¢mbody ji
oS . require d ave gro
iobs are involved. However, luire daty WA aroq,
many Jof heir competitive the potentiy el onerted by g 0 thenn,
i :%m&:mﬂ eir 1% ness anzmr il ang relt %3 xg&s@&mﬁ Systems, ang
ated conge Companje
Pts S are
Scorekeeping
A firm adopting JIT in its fullest context wil] peeq -
1

1 : i nk
and Bm:mmmim_ mﬁOam_ﬁmmem. .H,S&Eo:& BammE.mEmEnmnm?_Mw about _.miwa%mﬁsm
Systems f,

producing e S.Q:va using cost accounting sygpe th

Industrial Revolution. These systems are froman er, h at have chag
source. Now, in many companies, material cogstg ao“im” m:n.g _»@9.
traditional definitions) continually decreasi ate, with direc.

CUS attention o
mm& —:&m mmEun z‘_m
was the Major cogt

. t labor i

SINg I relative ; oo g

. . im,

manufacturing firms are hobbled by antiquated meagypeg wcn%wzwaow e
S 10ns or other gyrg))

productivity [measures. For example, a large ice creay, manufact :

on “liter-tons” produced. A 1-liter brick of ice creq has Jess e evaluates it uctoieg
ice cream bar—but 1-liter bricks age always put i . 8ross margin than a particylay
numbers look good. PIOTY At year-end to make the

NnT a:.:_c:m mOn:mmm.os material velocity, which i consistent with inventory reductj
and lead-time noﬁmnmm.zos. Under JIT, we must be wary of how “costs” are measured Q_MM
the Rz.:ﬂ:: implications mow decision making, The values of bandwidth, flexibility,
responsiveness, and Eww_ﬁﬂ skill enhancement need to be recognized. None of these m
E%Gwnﬂma in traditional accounting systems. The entire approach to capacity
.:E_Nm:o: needs to be rethought in JIT, Utilization of capital assets may not be as
important as responsiveness and material velocity. Being able to take any customer order,
even when vastly different from forecast, and doing so with short lead times with minimal
use of “shock troops” is the goal. Improved responsiveness to marketplace needs will
Separate successful firms from the also-rans.

What all of this means for cost accounting is that many traditional views will need to
be scrapped. For example, some companies have given up the cost category of direct labor.
The distinction between direct and indirect isn't useful, and basing product costs on
multiples of direct labor cost leads to more erroneous implications than some other
scheme, The whole person concept leads to the conclusion n.w.mﬁ the labor pool is an H&MM
10 be enhanced, It also dictates using direct labor for activities not normally associate
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with direct labor. Trying to apportion labor into various categories is no:m:&:m:m
p-management challenge to create the organizatio,.. Afing

nagement journey can best take place. We gee this .&5%
he years ahead. Leadership will be requireg voc:f

scorekeeping issue is the to
where the JIT/supply chain ma

as the best means for survival in t Joury

manufacturing firms through the necessary changes. Buig,

Pros and Cons

There are situations where JIT will work well and ones where it won’t, Many T

believe JIT to be what every Japanese company strives moﬂ.. In fact, many Japanes, m:_s

with complex product structures are now actively working to implement MRp rﬂsm
“Dageq

systems. However, JIT’s realm seems to be expanding. At one time JIT wqg Eocmr
apply only to repetitive manufacturing with simple product structures and level mnr&h_s
ks,

Increasingly, companies are applying JIT concepts .8. nonrepetitive mnrmas_mﬁ Progd
complexity is being partially overcome with decentralized computing on the shop mosg
U

make-to-order schedules are being adapted to JIT; and JIT is being applied t, 55?5

contexts. .
Some companies ask if they need to install MRP before adopting IIT; since i

implementation often means they must dismantle parts of the MRP-bageq System

Although it’s conceptually possible to implement JIT without first implementing MR, ?
firms that can benefit significantly from MRP, it’s usually not done. Unless we ¢y fird
some other way to develop the discipline of MRP, JIT operations are at great risk. Ip the
discipline’s absence, when JIT takes away the buffers, there will usually be costly disruptions
of the manufacturing process, poor customer service, and panic responses to the symptoms

rather than to the underlying problems.

Concluding Principles

This chapter is devoted to providing an understanding of JIT and how it fits into MPC
systems. Our view of JIT encompasses more than MPC-related activities, but theres
significant overlap between JIT and our approach to MPC systems. In summarizing this
chapter, we empbhasize the following principles:

» Stabilizing and in some cases leveling the production schedules are prerequisites o

T effective JIT systems.

NV Achieving very short lead times supports better customer service and responsiveness.

b Reducing hidden factory costs can be at least as important as reducing costs mor
usually attributed to factory operations.

D Implementing the whole person concept reduces distinctions between white- and
blue-collar workers and taps all persons’ skills for improving performance.

A

APICS/CPIM Certification Questiq
ns

pased JIT must be modifieq_
JIT is not incompatible wity, MRp.
MRP-based systems, maovmsm JITq
approach.

1. Just-in-time (JIT) systems replace
a, Work-in-process
m\cy Kanbans
«m.. 'Production rate goals
d. Cellular manufacturing
 In ajust-in-time (JIT) system, the
1. Setup times
11. Defects
I11. Forecast errors

Q\ I only

c.,, II only .
ho 'Tand II
d. TandIIl

discret,
€ Manufycgys
ESm rm.ﬁnr .
€S with

W
wﬁ T m T m .
ON~ 1sto moaﬁnn whig] oIt € m050<<=y *wQO;

VAN TPM is an acronym for which of the following?

L. Total preventive maintenance
IL. Total planned maintenance
IIL. Total productive maintenance
a. Tonly
“&‘r T'and II only
~¢’ Tand I1I only
A, LILand I
K The concept of poka-yoke refers to
L. Making operations foolproof
IL. Designing processes to evaluate quality as production occurs ,

1. Pull systems

ﬂ Tonly

b Tand 11 only
¢ land III only

d. LI and 111




