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Abstr act

A “Total Quality Systeni approach at Hoeganaes al |l ows al

enpl oyees to participate in achieving the organization's quality
goal s. The various phases of the quality system from product
control, SPC, process docunentation, team devel opnent, and team
oriented process devel opnent are revi ewed.

One exanple of teamoriented process inprovenent wll be
denonstrated using the inprovenents achieved in the
m crocl eanl i ness of atom zed products.

| nt roducti on

A Total Quality Systemis the basis for an organi zati on-w de
strategy for continuous inprovenent. Al of the organization's
resources are effectively used to achieve the objectives
necessary for custoner satisfaction. Methods for enhancing team
bui | di ng techni ques to achi eve conti nuous quality inprovenent of
systens and processes are integrated into all operations.
Statistical nethods are used throughout to understand variability
and process capability. A quality inprovenent tineline is shown
in Figure 1.

As can be seen fromthe tineline, early quality systens were

i nspection-oriented. The basic prem se was that a group of people
were responsible to neasure attributes, conpare these attributes
Wi th specifications, decide whether the values were within
specification and, if not, then sort the product. The primary
flaw in the inspection oriented systemwas the issue of tinely
informati on feedback fromthe inspection departnent to the

manuf acturing departnment. This information loop resulted in
excessive tine lag, and the data provided did not assist the
manuf acturing group in inproving the process. It was not easy for
the manufacturing group to use the data in preventing recurrence
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Figure 1: Quality Inprovenent Tineline

The inspection oriented systemeventually evol ved into process
control. In a process control system if the manufacturing
operator responsible for a particular product is given the task
of self-inspection, feedback is instantaneous and action can be
taken i mmedi ately.

Wth process control firmly in place, process inprovenent is the
next step. Specific inprovenent goals or targets are determ ned.
A successful way to reach these inprovenent objectives is to form
teanms (2). At Hoeganaes, this inprovenent has been acconplished

t hrough Enpl oyee I nvol venrent Teans (E.1.T.). The commtnent to

i npl enenting teans canme from executive managenent. E. |I. Teans are
therefore as much a part of managenent phil osophy as a probl em
solving technique. A solid understanding of the principles of

qual ity inprovenent by senior managenent |aid the groundwork for
a conpany-wi de program E.|l. Teans are based on the concept that
peopl e take nore interest and pride in their jobs when they are
allowed to influence decisions nmade about their work. Increased
interest and pride directly result in inproved quality, which in
turn makes the organi zation nore effective. Another major tenet

of E.l. Teans is the concept that enpl oyees are best equipped to
recogni ze problens in their work areas, and to suggest the nost
appropriate avenues for inprovenent (3).

Enpl oyee Trai ni ng

As wth all new prograns, the first step is training the

enpl oyees. When a corporate-wi de programis instituted, each

enpl oyee nmust be trained. One problemw th mass training prograns
is the lack of an opportunity for everyone to participate in a
project to utilize the training imediately. An extended period
of time may pass after the training is conpleted before an

enpl oyee is involved in a quality inprovenent project. However,

in the Hoeganaes program E.|. Teans select a project during team
training and as a result, nonmentum for the program conti nues
after the training has been conpl et ed.

E.I. Teans use participative problemsolving in all their



activities. This approach utilizes the collective know edge of
the group, rather than relying on one or two individuals to
identify problens and find solutions. The know edge of the group,
conbined with E. 1. Team probl em sol vi ng met hods and statistical
techni ques, leads to the nost effective solutions possible. Six
to twel ve people are on each team Each team goes through a 10
session training programas a team The training is broken down
into three basic parts:

. Pr obl em sol vi ng net hods.
. Qual ity control techniques.
. G oup participation.

The training is designed to inprove quality as well as to devel op
i ndividual skills in comrunication, |eadership, technical
conpetence, and teamspirit.

The first training session is in brainstormng. Brainstormng is
a w dely recogni zed techni que used to encourage creative

t hi nki ng. Teans can take advantage of brainstormng to generate a
| ar ge nunber of new and creative ideas. Listed are the guidelines
for brainstorm ng.

CGenerate a | arge nunber of ideas.
Free-wheel ing i s encouraged.

Don't criticize.

Encour age everyone to partici pate.
Record all the ideas.

Let ideas incubate.

Sel ect an appropriate neeting pl ace.

NoghkwbE

After the brainstorm ng session, the teamis ready to go into
probl em sol ving, which is broken into six steps:

I dentify the problem- brainstormng
Define the problem

| nvesti gate the probl em

Anal yze the probl em

Sol ve the probl em

Confirmthe results

oukwhE

The next series of training sessions are devoted to cause and

ef fect diagrans, which aid in defining the problem Cause and

ef fect diagrans hel p organi ze causes of problens so that the team
can systematically investigate them A cause and effect diagram
or fishbone diagram hel ps categorize the major causes of the
probl ens. One of the nore common nethods uses the “4 Ms”:

Met hods, Materials, Machines, and Manpower. O her categories can
be added to these. The inportant thing is to determ ne what major



causes truly relate to the “effect” you are working on. A basic
cause and effect diagramis shown in Figure 2.

As each possible cause of the effect is suggested, it is added to
t he cause-and-effect diagramas a mnor branch. This is done to
show the rel ati onshi p between causes. The process continues until
all possible causes are included and all inter-relationships are
shown. Figure 3 displays a nore detailed fishbone with “| arge”
and “smal |’ bones.

It is inportant to obtain as nuch information as possible and to
continue to challenge the teamfor all possible causes. One way
of doing this is to have the | eader of the teamuse the five W
and one Hin trying to think of ideas. Asking who, what, when,
where, why and how really hel ps bring out ideas. Subsequent
phases of problem solving include investigating and anal yzing the
probl em Investigating the problem the teamw | collect data
and facts. Analyzing the probleminvolves finding all the
possi bl e causes and deci di ng which are the nmajor ones.

Checksheets are tools for organizing and collecting facts and
data. They assist in collecting data to help answer:

What ki nd of problenf

How many?

How of t en?

Where did the probl em occur?
Who is affected?

There are three main types of checksheets:

. Recording - used to collect neasured or counted dat a.

. Checklist - used to make sure that a series of tasks is
conpl et ed.

. Location - problem |l ocation checksheet.

Preparing the checksheet is essential for the next step:
construction of a graph.
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Figure 3: Cause and Effect Diagramw th M nor Branches

G aphs and hi stograns assist in analyzing the problem and
deci di ng which causes are major. Teans are trained in
construction of graphs and histograns. Large anmounts of data have
been coll ected by the team and various graphing techniques
denonstrate how the rel ationship between sets of data can be
shown. Five common types of graphs are revi ewed.

Li ne graphs

Col um and bar graphs

Area graphs

M | est one and pl anni ng graphs
Pictorial graphs

During the next step of training, histograns are reviewed. A

hi stogramis a type of colum graph to spot abnormalities in a
process, to conpare neasurenents with the “expected”
distribution, and to identify sources of variability.
Understanding the distribution or shape of the histogramis also
included in the training. The distribution may be:



Skewed

Bi nodal

Bel | - shaped

Fl at, dispersed

A di scussion of Pareto diagranms follows. A Pareto diagramis a
speci alized type of columm graph. It is an inportant tool for
identifying major problens, causes and solutions. The Pareto
diagramstarts to pull all the information together. Teans first
use checksheets to collect data, and then graphs to sinplify the
checksheet data and nmeke it easier to understand. The data can be
made into a colum graph. Wth the colums arranged i n descendi ng
order of frequency of the problem the colum heights are easier
to conpare. This focuses attention on the nost commonly occurring
causes, allowing the teamto tackle the biggest problens first.

The team then nmust choose fromthe avail able solutions. They may
sel ect several, and recommend the one that offers the greatest
benefit. Managenent approval and support to inplenent the

sol ution must then be obtained. The final teamtraining session
covers nmaking project presentations. Presentations are fornal
nmeeti ngs between E.|1. Teans and the managenent review commttee.
At these presentations, proposals are presented for approval and
the Teami s acconplishnents can be displ ayed.

Al the tools fromthe previous training sessions are commonly
used in the formal presentation, including cause and effect and
pareto di agrams, graphs, charts, and checksheets. Team nenbers
expl ain exactly how these tools hel ped in solving the problem

The team sunmari zes their recomrended sol ution, the cost of the
proposed sol ution and the expected benefits. Confirmation of the
results shows how data is being collected or will be collected to
ensure the problem stays fixed.

The team training di scussed here has been in place since 1988,
and the program has expanded to 25 active teans throughout al
facilities. Teans span the entire organi zation, wth nenbers

com ng from Manuf acturing, M ntenance, Quality Control, Research
and Devel opnent, Engi neering, Purchasing, Finance, Sales and
Mar ket i ng.

Team Devel opnment and | npl enent ati on

At the conclusion of teamtraining the enpl oyees fornmed teans
that in general, organized by work areas. The bal ance of this
paper w |l describe the variety of ways these teans have
contributed to continuous inprovenent, and the resultant effect
on the mcrocl eanliness of atom zed iron-based netal powders.



O the 25 E. 1. Teans, five teans have worked on projects
affecting atom zed powder production. The team nenbers i ncl ude
first-line operators, area supervisors, maintenance and cleri cal
staff, as well as l|aboratory and office personnel. The

i nvol venent of team nmenbers whose prinmary responsibility lies
outside the particular work area has lent depth and creativity to
proj ect selection and suggested sol utions and recomrendati ons. To
date, 15 projects have been conpl eted that have in one way or
anot her contributed to quality inprovenment in the steel

at om zation area.

As processes were inproved, the docunentation was revised to

i nclude the changes. Areas ranging fromraw materials sel ection
melt practice, and annealing procedures have been updated. To
ensure that all personnel are well educated on the process

I nprovenents, a cross-training programwas instituted, with
specific guidelines for procedure review, operator

qualifications, and periodic recertification. The cross-training
program now extends throughout the corporation, conplenenting the
E.l. program as an integral part of continuous inprovenent.

The individual contributions of each of the 15 projects have
culmnated in significant benefits. One of the best exanples of
this is the inprovenent in mcrocleanliness of atom zed powder
forging grade materials. The progress made in mcrocl eanliness
since the inception of the team concept at Hoeganaes is detail ed
in the follow ng discussion. The nmechani cal properties of near
fully dense powder forged materials are strongly influenced by
the conposition, size distribution, and | ocation of nonnetallic
i ncl usi ons.

M crocl eanl i ness Eval uati on

Sanpl es of powders intended for forging applications are bl ended
with graphite and | ubricant and repress powder forged under
closely controlled | aboratory conditions. After forging, the
slugs are austenitized and quenched to ensure a hard, deformation
resistant material for netall ographic preparation.

The 25 mm di anmeter cylindrical forging slugs are sectioned

| ongi tudinally and nounted for netall ographic sanpl e preparation.
Al'l netall ographic preparation is done using a Struers Abrapol
aut omat ed grinder/polisher. Automated polishing is essential to
provide the high quality scratch-free and stain-free surface
required for automated inclusion assessnent. Two cylindrical
forging slugs are prepared from each powder sanple, and three

| ongi tudi nal sections are prepared for netall ographic

exam nation. An area of at |east 120 mmf i s exam ned on each
section using an automated i mage anal ysis systemgiving a total



area covered of greater than 360 mmf. Inclusions are sized
according to their maxi mum Feret's dianeter with the near

nei ghbor concept applied. The results are presented in terns of
three paraneters, F;, F, and Fs, which are defined as foll ows:

F, = the nunber of inclusions >30 um per 100 nm?
F, = the nunber of inclusions ~> 100 um per 100 mm?
F¢ = the number of inclusions ~> 150 pum per 100 nmf.

A record is also kept of any inclusion greater than 75 um. A
Leitz TAS Plus i mge anal yzer equi pped with an autonmated scanni ng
stage and auto-focus is used. The inmage anal yzer consists of a
high quality metal lurgical mcroscope fitted with a video canera
whi ch displays the Iive images on a CRT screen. The video inmage
is assessed in ternms of its gray |level characteristics, black and
white being extrenes on the avail able scale. An inmage

nodi fication technique is used to define the inclusions on the
basis of the spacing of individually detected features. Using
this technique, fragnmented or diffuse inclusions are neasured as
i ndi vi dual particles without distorting the other particles
within the field of view. This is made possible by feature-
specific operations carried out under m croprocessor control.
This technique to eval uate m crocl eanli ness has been used since
1985. It has been incorporated in ASTM standard test nethod B796
for nonnmetallic inclusion | evel of powder forged (P/F) steel
parts since 1988 (4).

M crocl eanli ness | nprovenent Results

The inprovenents in mcrocleanliness are illustrated for both a
| ow al l oy steel powder, ANCORSTEEL 4600V, and Ancorsteel 1000
P/ F, a carbon steel powder.

Figures 4 to 6 display tinme periods plotted against inclusion

| evel s for ANCORSTEEL 4600V. The bar graphs illustrate the +/- 3
sigma values for each tinme period. Period #1 is concurrent with
inception of the E.lI. program Each period covers an equi val ent
anount of tinme or nunber of production lots. The data illustrates
the inmprovenent in cleanliness achieved across the tinme periods,
and includes all inclusion types found in these material s.
Figures 7 to 9 display F, F, and Fs charts respectively for
Ancorsteel 1000 P/ F

In both grades of powder, the cleanliness inprovenent shown is
dramatic. The nean value as well as the variability has been
reduced at |east fourfold.

Summary



Successful quality prograns recognize that all enployees affected
by a problem should be included in the decision nmaking regarding
the resolution. For training to be effectively inplenented, a
conpany nust undergo a phil osophy change to enpower each

enpl oyee. The success of a programis judged on how t he enpl oyees
are enpowered to make change, and their ownership of the program
Final Iy, managenent nust del egate responsibility for
identification and resol ution of problens to teans.
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Fi gure 4: Reduction in Ancorsteel 4600V F. I'ncl usi on Paraneter
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Figure 5: Reduction in Ancorsteel 4600V F, Inclusion Paraneter
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Figure 6: Reduction in Ancorsteel 4600V F¢ Inclusion Paraneter
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