GROUP TECHNOLOGY

THE GROUPI NG TOGETHER OF
PARTS OR PRODUCTS | NTO
FAM LI ES BY PROCESSI NG
OPERATI ONS SO THAT ALL
VEMBERS OF A FAM LY ARE
PROCESSED IN A M NI ATURE
FACTORY CALLED A CELL.
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GROUP TECHNOLOGY

THE LOG CAL ARRANGEMENT
AND SEQUENCE OF ALL FACETS
OF COVPANY OPERATI ON I'N
ORDER TO BRI NG THE
BENEFI TS OF MASS
PRODUCTI ON TO HI GH
VARI ETY, M XED QUANTI TY
PRODUCTI ON

from Ranson (1972)



KEY CHARACTERI STI CS
OF A GROUP TECHNOLOGY
SYSTEM

1. COVPONENTS CLASSI FI ED
| NTO FAM LI ES

2. WORK LOADS ARE
BALANCED BETWVEEN
PRODUCTI ON GROUPS

3. PRODUCTI ON GROUPS ARE
CLEARLY | DENTI FI ABLE ON
THE SHOP FLOOR

4. EACH GROUP WORKS W TH
A S| GNI FI CANT DEGREE OF
AUT ONOWY



CELLS FACI LI TATE RAPI D
FLOW AND EFFI CI ENT
PROCESSI NG OF MATERI AL AND
| NFORVATI ON

Before - Parts are processed and moved between different departments in large lots.

Figure 1-1. Before and after cellular manufacturing

from Hyer and Wemmer| ov (2002)



REPORTED PERFORMANCE

RESULTS FROM CELLULAR
MANUFACTURI NG
| MPLEMENTATI ONS

Table 1-1. Reported performance results from cellular manufacturing implementations

Wemmerlév and Johnson
(1997)—46 Firms

Wemmerldv and Hyer
(1989)—32 Firms

Performance measure Average Minimum Maximum Average Minimum | Maximum
Improvement | Improvement | Improvement | Improvement | Improvement | improvement

Reduction of move

distances/move times 61.3% 15.0% 99.0% 39.3% 10.0% 83.0%

Reduction in throughput 612 125 995 456 5.0 900

time . . . . ! )

Reduction in response '

time to customer orders 501 00 9.2

Reduction in WIP inventory |  48.2 100 99.7 414 80 80.0

Reduction in setup times 44.2 0.0 96.6 320 20 95.0

Reduction in finished 39.3 00 1000 2.2 100 750

goods inventory ’ ’ ) ' ) ’

Improvement in part/ v

product quality 284 0.0 62.5 29.6 5.0 90.0

Reduction in unit costs 16.0 00 60.0 - - -

Note: missing entries in the Wemmerldv and Hyér (1989) data indicate that responses are not available.

from Hyer

and Wenmer | ov (2002)




GROUP TECHNOLOGY

A TECHNI QUE FOR
MANUFACTURI NG (1) SMALL TO
MEDI UM LOT SI ZE BATCHES
(2) OF PARTS OF SI M LAR
PROCESS,

(3) OF SOVEWHAT DI SSI M LAR
MATERI ALS, GEOVETRY, AND
Sl ZE,

(4) WH CH ARE PRODUCED | N
A COWM TTED SMALL CELL OF
MACHI NES WH CH HAVE BEEN
GROUPED TOGETHER
PHYSI CALLY,

(5) SPECI Fl CALLY TOOLED,
AND (6) SCHEDULED AS A
UNI T.

from Hyde (1981)



VWAYS TO GROUP PRODUCTS

Table 5-2. Nine different ways to group products

Criteria for Identifying Product Families

| Examples

1. Product type. Group products of the same type or
function into families.

Motors and generators.

- 2. Market. Group all products sold in a certain
geographical market in one family.

i

North America, Europe; market
segmentation can also be based on type of
user, e.g., commercial vs. residential user.

PR

3. Customers. Group all products sold to one or more
customers in the same family.

The products for two dominant customers
make up two families, the rest of the
products a third family; this segmentation
does not work if several customers purchase
the same products.

4. Degree of customer contact. Group products
according to the degree of influence the customer
has on the final product.

Group all stocked items in one family, all
made to order in another, etc.

5. Volume range. Group products with similar volume
ranges into the same families.

High-volume vs. low-volume products.

6. Order stream. Group products with similar customer
order patterns in same families.

Large and repetitive orders in one family,
small and irregularly placed order in another.

7. Competitive basis. Allocate all products that compete
on the same basis to the same family.

Those competing on cost and speed to one
family, those competing on customized
design to another.

8. Process type. Group products or parts requiring
similar processes in the same families.

All assembled products in one family, all
non-assembled products in another, etc.;
within each group, products with similar
routings form a family.

9. Product characteristics. Group products with same
physical features or raw material into families.

Large vs. small, light vs. heavy, etc.

from Hyer and

Vermer | ov (2002)




SI M LAR PARTS BASED ON
MANUFACTURI NG PROCESS

Figure 6-3. A product family and subfamilies with greater internal similarities

from Hyer and Wermer| ov (2002)



Similar Parts Based on Shape




PART CLASSI FI CATI ON BY
SHAPE
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PART CLASSI FI CATI ON BY
SHAPE
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CLASSI FI CATI ON BY SHAPE
AND PROCESS

PRV PIPE PIECE FAMILY SKETCH
01 | Straight £ 50mm i T————
04 |Straight 65v200mm | P et
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11| Bent After Fabrication £ 50mm
14 | Bent After Fabrication 65"™200mm
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.Figure 1-1i: Typicai Pipe Piece Families. Maximizing the relative number of straight pipe pieces ensures higher productivity. For necessary bends,
_the fitting man-houirs for pipe pieces that are cold-bent after fabrication are one-third that required for pipe pieces with fitted ells. Pipe shop produc-
tivity depends on designers’ knowledge of manufacturing methods and costs. More pipe-piece family classifications are included in Appendix A.




151 Digit

POLYCODE SYSTEM

3 rd Digit

2 nd Digit

4 th Digit

5 th Digit

component class

External shape,
external shape elements

Internal shape,
Internal shape elements

Surface machining

Auxiliary holes
and gear teeth

Supplementary code.

Opitz Code System

Py

) ‘- smoath, no shape no hole
0 Lo 05 0 elements 0 no breakthrough OI[ g‘;éﬁ,’,{?ﬁg 01 | noauxiliary hole
] 7 -
2 ) Yo jsurface plane andlor
3 1El faems VE 52:‘2&22” e curved in one 1| el notongich
L - S ot/Zclements direction, external
sl 8 K PR 2657, 35 exlernal plene surfacd 2= Uit on pieh s
2|2 e|gl Ahread- 0] lz|s¢ toread zlrelaledbygrauuanon 2551 p
1= V| s vz | =S 1, 3rounda circle e /z%g‘%aﬂelfz
3 § 3 § 21 lunctional 3 ég functional // 7 e?’ler’r{ﬁ"roove7 3 2!radial, nat on pilct:
= Z| S| groove -3 groove &;/éjnd/zr/j stot /‘/1 7 §] circle diameler
S (edhns’ g - —4
“fio . ) axialandlor radial
| 418 no shape 418 no shape ' exlernal spllne axia
4 S| - elements E elements 4 {polygon) 4 ‘"g,’?e’cg'g‘,f'
. - o — - . - -
] B 5 texlernal plane suflac axial andlor radial
5 , 5{S1 . thread 5|31 thread 51 . andlor siot, 5{ | onPCDandlor
: = § - ':‘;, 4. external splme otp_e[_quechons
g - functional - 8] functionat - lnlemalplanesurlace
5 e . 6 gl < groove 6 g _groove . 7 [} I~ andfor slot & i spur gear teeth
ar o ' e | 7] v | 718 et ger v |
™ funclional cone- . tunctional cone 7 (nolygon ) 712 | bevel gear teeth
c . Lo - ST - R -
e Q ———— - by o o D e - e
= . Tnfernal and exlernal A
3 % - 8| operating thread 8{ operating thread 8| polygon, gr:tove & _:l other gear teeth
> andfor sl z :
e - -t S S—
9(2 9 all others. " 9 all others 9 all others 9 [ all others
'~ Main Code
. -
6th Digit 7th Digit 8th Digit 9th Digit
Qiameter D ) v
or lcnq:[r:, :'0) ecge A Material Initial shape Accuracy iacoding digit
i - . o accaracy
0 20 0| greycastiron 0 round bar [ ”«m“”
TooTTmmTm T ~{ nodular graphitic
> 2« S0 cast iron and bright drawn
! e 1 l'\&”e:b"t'gaﬂ iron - round bar ! 2
N gular, s square
2l = s0e 100 2| stectedzigmm2 | [, [ORLES
IR 12 st steen) onexagonal 2 3
- sleﬂbd?kglnml .
3 71002 260 (CandCksteeny | 7]~ Wbing .} 3 ‘
H - - steel le, U-,T- and
4 "‘0 %0 a 2¢3 heat -lreated 4 slr‘rgl!ar sections 4 s
5{ - 250 400 - H] alloy stzel 5 shaet 5 23
& > 400« 500 4 ;;L‘:V_ l‘::;’:e " 6] plates and stads- 3 2+4
7 > 600 '!OOb el I b mn;lérraus metat ik "?:"nggr:gg o 1A% 2+5
8, -1000-?000 8 light atioy 8] - welded group 8 Jed
9l ~2000 '9| ather materlals | |9 W;;;l;of:;gf‘ 9 12031 ¢ 45



CELL

A CELL | S A GROUP OF CLOSELY
LOCATED WORKSTATI ONS VWHERE
MULTI PLE, SEQUENTI AL
OPERATI ONS ARE PERFORVED ON
ONE OR MORE FAM LI ES OF
SI MLl AR RAW MATERI ALS, PARTS,
COVPONENTS, PRODUCTS, OR
| NFORMATI ON CARRI ERS. THE CELL
| S A DI STI NCTI VE
ORGANI ZATIONAL UNIT WTH N THE
FI RM STAFFED BY ONE OR MORE
EMPLOYEES, ACCOUNTABLE FOR
QUTPUT PERFORVANCE, AND
DELEGATED THE RESPONSI BI LI TY
OF ONE OR MORE PLANNI NG
CONTROL, SUPPORT, AND
| MPROVEMENT TASKS.

from Hyer and Wemmer| ov (2002)



APPROACHES TO CELL
FORVATI ON

Procedures
for the
part family/machine
group identification

problem
Employ ' Employ
part attributes machine routings
APPROACH 1 APPROACH 2 APPROACH 3 APPROACH 4
Identify part (dentify Identify part Identify part
families machine groups families using families and
using routings routings machine groups
‘ simultaneously
Useinformal  Use code Formmachine  Use machine  Form machine Use part Use manual Use algorithmic
proceduresto  similarity groups by simitarity groups around similarity to rearrangement  rearrangement
form families  to form combining to form *key" machines form part of partfmachine of the part/
families similar machine groups families matrix to machine matrix
routings : identify part to identify part
families and families and

machine groups  machine groups

Figure 5-13, Various approaches to cell formation

from Hyer and Wermer | ov (2002)



COVPARI SON OF STRAI GHT
LI NE AND U- SHAPED CELLULAR
LAYOUTS

Crank arm processing line
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Figure 6-6. Straight station layout

Rod processing li Processed Materials ina i
p g line items (box pallets) . Crank arm processing line
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Processed
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Figure 6-9. U-cells formed from the straight station layout in Figure 6-6

fromHyer and Wermer | ov (2002)



PROBLEMS W TH FUNCTI ONAL
ORGANI ZATI ON

Table 3-1. Typical problems in functionally organized manufacturing systems

* Material moved long distances

® Material handled many times (in and out of storage)
® Long setups

® farge lot sizes

® High defect rates

* High rates of equipment breakdowns

® Unavailable tooling

® Long manufacturing lead times

® Parts shortages in assembly

* Large inventories

® Divisiveness between operators, supervisors, and support

® Problems with communication, coordination, and scheduling

® Flow of material, and work content, are difficult to simplify and standardize
* Difficulties in identifying cause of defects

e Constant mode of reaction leads to emphasis on control (vs. planning)

e o m—  — a  Em FE e mm S T R M S S S S R G e g S e e el oy e e mme mmm

In short, functionalized plants often demonstrate long lead times, poor manufacturing
quality, high manufacturing costs, fractionalized product responsibilities, and low
improvement opportunities.

from Hyer and Wemmer| ov (2002)




DESI GNI NG U- SHAPED CELLS

~ Table 6-3. Guidelines for designing U-shaped cells

1. Place the workstations as closely as possible to minimize walking distances.

2. Avoid operator walking patterns that cross paths.

3. Position operators so they face outwards.

4. Operators should stand, not sit.

5. Position the workstations so the material moves counterclockwise in the cell,

6. Assign the entry and exit operations to the same operator.

7. Avoid or minimize the use of conveyors in low volume/high variety cells.

8. Rely on one-piece production, one-piece inspection, and one-piece conveyance.

from Hyer and Wermer| ov (2002)




U- SHAPED CELL EXAMPLE
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Figure 6-7. U-shaped pump cell at Baker Manufacturing
from Hyer and Wermer | ov (2002)



CELLS DESI GNED FOR FOCUSED
FACTORY

Before focused factories Shipping
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Figure 2-4. Bergstrom Manufacturing's factory organization

from Hyer and Wermer | ov (2002)



| MPROVI NG FLOW I N CELLS

Table 6-2. Ways to improve flows in cells by modifying the routings

® Group items with identical or highly similar routings

® Standardize raw materials

* Change the sequence between operations

® Reroute the parts or products to different types of equipment
* Eliminate unnecessary operations

* Redesign the parts or products to remove process steps

® Remove partsfproducts with deviating processes (outliers) from the family

fromHyer and Wermer | ov (2002)



DEVELOPI NG ASSEMBLY CELLS

8

Does unit complete products, or a major stage in assembly?
NB.Assembly groups normally make their own subassemblies

Does team of workers normally stay together? ,
NB. Redeployment is normally restricted to emergencies and major changes in
load

Does unit have its own territory?
NB. Preferably the whole area inside one perimeter

Is the team small enough to be socially cohesive?

Is material flow in the unit continuous?
NB. Not intermittent, or completing one stage on all products, before going on
to the next

Does the unit regulate its own operations?
NB. At the least its own dispatching

Is the unit responsible for its own quality?
NB. May be subject to central quality control

Does the unit directly control all the machines and other facilities it uses?

IF THE ANSWER TO ALL QUESTIONS 1S YES, THE UNIT IS AN ASSEMBLY GROUP.

Fic. 9.7 Defining an assembly group.
from Bur bi dge (1989)
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DESI GN CODE STRUCTURE

BUCCS
DESIGN CODE STRUCTURE
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PRI MARY CODE SHEET
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from Beeby and Thonpson (1979)
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CELLS AND JI' T FUNCTI ON BEST
VHEN THE SAME CONDI TI ONS
=X ST

Table 2-6. Core JIT principles

* Setup time reduction (e.g., continual emphasis on lowering setup time)
o Small lot sizes (e.g., small lots in the master schedule and elsewhere)
o JIT delivery from suppliers (e.g., daily shipments) '

e Supplier involvement in quality improvement efforts {e.g., long-term
supplier relations)

e Multifunctional workers (e.g., operators perform several tasks)

e Smali-group problem-solving (e.g., teams are formed to solve problems)

® Training (e.g., to learn new skills)

e Daily schedule adherence {e.g., schedule allows for catch-up time}

e Repetitive master schedule (e.g., product mix is repeated on a regular basis)
¢ Preventive maintenance {e.g., time reserved for maintenance activities)

» Equipment layout (e.g., use of cells)

e Product design simplicity-(e.g., minimization of part count in products)

o The use of kanban system (inside the plant and for suppliers)

e Pult system support {e.g., backflushing, efficient layout, authorization to
stop production if quality problems occur)

¢ MRP adaptation to JIT (e.g., elimination of work orders)

e Accounting adaptation to JIT (e.g., a switch to process costing)

from Hyer and Wermer| ov (2002)



LEAD TI ME REDUCTI ON FACTORS

Table 3-2. Factors with established influence on lead time

~Factors that influence Lead Time Action Needed to Reduce Lead Time
Machine setup time Decrease
Machine setup time variability | Decrease
Part processing tirﬁe Decrease
Part processing time variability Decrease
Materials handling time | Decrease
~Interarrival time variability Decrease
Production batch size : Decrease (if coupled with setup time reduction)
Transfer batches | Use (if coupled with family sequencing)
'} Cross-trained operators Increase
Labor constraints | Reduce
Interarrival time (time between jobs) | Increase (while keeping lot sizes fixed)
Product mix distribution Achieve balanced work loads
| Equipment capacity - Increase

from Hyer and Wermer | ov (2002)



BENEFI TS OF GROUP TECHNOLOGY

Advantage Reasons
1 Reduces throughput time Machines close together under one
foreman
2 Reduced investment in stocks Easy to use small batches due to

short throughput time (1)

3 Reduces costs Low stock holding (2), materials
handling (1), and indirect labour
costs (4)

4  Better delegation Groups complete parts. Can be

made responsible for quality, cost,
and due-date performance

5  Better quality Low throughput time (1), all under
one foreman (1), delegation (4)

6  Low obsolescence Low stocks (2), just-in-time produc-
tion control

7 Flexible; able to follow changes in the Low stocks (2) and less obsolescence
market economically (6)

8  Improved morale and job satisfaction Association with a product, a team
and a territory. Effects of delegation

“)

from Bur bi dge (1989)



