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PRECISE PROCESS CONTROL

...removes obstacles to six sigma
By: Kelly Weener, President, Topcraft Metal Products, Inc.

Topcraft Metal Products, Inc. is @ manufacturing
facility located in rural Hudsonville, (SW) Michigan.
For over 30 years, it has buill a solid reputation by
maintaining a strong relationship with our custom-
ars and employees. The culture is unigue as indi-
cated In its purpose statement: to be a company.
led by God, to provide a superior product that will
allow opportunities to enrich the lives of our mem-
bers and our business partners

Topcraft specializes in the precision machining of
carbon, stainless steel, brass and other alloys and
utilizes our innovation to develop work cell and flow
manufacturing, as well as other value added pro-
cesses. Its vision, Turning Manufacturing Require-
ments & Challenges into World Class Routines.
includes need to give all employees (even those
who are new lo our company or industry} the ability
to make successiul decisions at the mest basic
level, something we were challenged with in our
SPC Systam.

When our Management
and Engineering Team
pursued an aggressive plan
to achieve suslained top-
quality product and reduce
manufacturing and quality
costs, we began searching
for ways to use SPC, not
just for formal documenta-
tion reguired by some cus-
tomers, but for real process
control. It was evident we
needed a system that could
help us focus on impraving
our processes and decrease
the fruslralion of poor quality
performance.

For the past seven years, Topcraft has invested
hours in the training and development of our
manual SPC system. Employees were trained in
theory, mathematics and application of Statistical
Process Control. The cempany and employees
struggled with the interpretation of control limits
and their connection to the purpose of control-
ling eur machines and tooling. We had a difficult
time analyzing the real-time process data plotied
on X-bar and R charts and also realized that SPC
assumplions are inherently flawed when applied lo
our machining processes.

N

Jesse Weener and Paul Cooper,

are just two of Topcraft's many

employees that benefit from the
new process control system.

Control limits were created at the start of a pro-
duction run and then re-calculated only when the
average of the data set was charted Out Of Con-
trol. All decisions leading up to this peint were the
responsibility of the operatar. Each person involved
had different Interpretations of the data.

« Some would keep running without plotting the
readings that appeared out of the control
limits, assuming thal the process was in
perfect machining centrol.

« Some would recalculate new Contral Limits in
order to make a chart look good.

= Some would adjust the tooling.

- Some would sharpen the tooling, yielding to
SPC rules.

Each scenario had its own negative effect on
quality and efficiency. The besl decisions for quality
(though very rarely seen) were tool adjustments
or sharpening based on Initial control limits. The
aperator was aware of over-
adjustment but parts were not
sorted. When control limits
were recalculated or the pro-
cess sampling was not acou-
rate, employees would decide
whether it was necessary o
sort parts. Quality Assurance
would put the product On-
Hold and direct the operators
ta sart all their parts. All these
inputs lead lo high Cost Of
Quality and limited product
flow to the customer (not to
mention finger peinting and
stress fell at all levels of the
organization).

Right Tool M it Si
Toperaft's Management and Engineering Team
began researching process control software, with
the anticipation of finding one that would fit our
machining environment. We knew that even the
best-camputerized SPC system would not be effec-
tive for the type of machining that we run on our
zhop floor. We found that several local companies
use the expert system Micronite developed by High
Tech Research, Inc., Deerfield, IL. The unanimous
feedback from these companies was that afler
implementing Micronite they would never go back
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to an SPL sysiem.
Intraduction to the system
was through an interactive
Internet workshop conducted
by Dr. Stephen Birman who
surprised us with his knowl-
edge of problems we face
every day and the descrip-
tion of our processes through
adaptive modeling tech-
niques. It took an hour and a
half to fully grasp the extant of
power the intelligent Process
Adaptive Contral Technelogy
(IPACT) is capable of,

reminds us of a high-speed
train. At 8:00 am. HTR's
technician began installing
the network, At 10:00 a.m, operators started data
collection. Training the operators to interact with
our new system was simple. By using the easy-to-
understand, color-ceded machining control system,
operators were aware of tool wear which can lead
to defects. Mo conlrol limits need to be installed

or recalculated. The system tells the operator to
stop running the process, make adjustments, or
sharpen a tool. The aperator's responsibility is
running the machine, entering data in accordance
with Micronite's prompls, and following real-time
instruction given through the custom-designed
screens.

Operators know when they are running good
parts, They alse know when to slart watching the
process with more frequency and when o stop
the machine and ask for support before bad parts
are made. Floor personnel have caught on very
quickly.

Two days of training were devoted to: {1) the
preparalion of our machining database, (2) the
logic of grouping blueprint characteristics and tool
details entry, (3) job-specific sampling designs,

{(4) procedures for real-time production control. (5)
means of communication, and (6) total data control
for product certification. Setup people and engi-
neering learned lo recognize stable, weak or lailing
processes. They understood the system's Intel-
ligence would help shift the burden off the oper-
ator’s ability to make the correct decision when a
process becomes uncontrollable and instead rely
on the process redesign, machine maintenance

or correction of gauging. Within two days of train-
ing all three shifts were using Micranie, not just
for data collection, but also for meaningful process
control
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Gene Weener and
The pace of implementation the managers in charge of training
and system utilization.

Start Walking

The first part operators
selup an the system was one
that we had trouble with in the
pasl. As spon as (he operator
began running the part, the
program halted the job with
a call for corrective action,
The system's built-in Gauging
and Primary Variation studies
showed a gage repealabilily
that used 40% of dimensional
tolerance; the gage didn't
have a high degree of resolu-
tion. Using a higher resolution
gauge, operators were able
to gel a more accurate picture
of the process capability. This
study was done at a machine
in @ couple of minutes, using a technigue which is
much more accurate and versaltile than the Gage
R&R we used before.

The Micronite system associates dimensional
datia to tools and their wear characteristics. One
of the parts we slarted running had three O.D.'s
with different length characteristics. In the past,
operators were frequently resharpening a tool to
hold lengths. Feature Group Track allowed our
Engineers to make changes in the process design,
which shifted the resharpening decision and
achieved a substantial increase of machine uptime
with reduction in tosling adjustmeants.

One of the most powerful features in Micronite
is Process Adaplive Conlrol. i the pasl, the setup
people and veteran operalors used their years
of expertise to check dimensions at a frequency
based on expenence. The company required
checking parts every hour but more expernenced
operators would check some dimensions with less
frequency. Our industry seems to equate this to the
skill level developed through years of experience
and understanding.

Micranile has programmed much more than this
experience into the system. The tool wear models
look at trends for each dimension using the data
being input by the operator. A group conlrol model
analyzes tool-related dimensions. It increases the
frequency if the system detects an increase of ool
wear or abnormal process variation. Conversely, if
the system sees very little tool wear and variation,
it decreases the frequency. This is a benefit the
operators like because the system actually exer-
cisas intelligence based on the stability of the pro-
cess. The system now pinpoints the time to sample
pieces based on actual machine uptime and allows

Adam Davis,

MmEAFRARPFER AAAAR A



us to maintain very accurate sampling intervals.

The Process Adaptive Control quickly communi-
cates areas of the process that have more stability
than others. It is fun to watch a dimensien move
from a one-hour frequency to two, three ar even
four-hour, based on tool wear rate and process sta-
bility, The natural reaction of operators and engi-
neering is, How do we get all dimensions in this
operation stable enocugh so we only have to check
parls every four hours? The Process Adaptive
Cantrol gives newest operators a skill that used to
be developed with years of experience. The atmo-
sphere surrounding this kind of focus Is energizing
at every level of aur erganization.

Before Micronite, tool life was an educated
guess for all new processes, Tools were visually
inspected for wear after so many stockups or hours
of production. At this point we would establish the
Predictive Tool Life. Our new program analyzes
multiple tool-bonded processes (HTR's definition
of machining medeling) and recommends tool
replacement in real time to eliminate a previously
unpredictable effect of variables introduced through
a new lot of material or changes in the temperalure
of the coolant.

Critical Investment

The Micronite system allows operators a quick
and easy way to log any changes made lo the
machine, whether they adjust a tool, sharpen or
change it. Typically, if an adjustment to the process
or a tool change is made and the operator fails (o
log this adjustment, the system will see the change
and stop the operator from eontinuing until the
change is explained. This feature gives engineer-
ing better tool feedback and creates better insight
into the history of the process,

Micranite helps measure performance, enabling
correct actions to be taken. Il performance does
riot meet expectation, the process is examined,
not the operator. The natural reaction Is 10 ques-
tion actions taken by the person who ran the bad
parts. Micronite provides a consistent interpretation
of process data for the operator, setup person and
engineering department. With the new system we
realized that process control in machining is not
just charting of critical characteristics and calcula-
tian of a Cpk value. The system provides lotal data
control including; overall part quality, real-time pro-
cess capability, risk of defects, tool life, tool wear
and failure description. shift production, problem
alerls and many others.

It identifies weaknesses in the tooling plan,
machine and gauging or process capability, forcing
Management and Engineering to focus on process
optimization rather than the ability of the opera-

22

tor to run good parts. This has been a welcome
change from the pastl If a machine |s continually
stopped and cannot produce zero-defect product
due to unstable processes, the engineers take thal
opportunity to identify and prevent it from hap-
pening again. The system provides highly useful
troubleshoating tools. The engineering group is
able to dissect data per operater, machine, spindle,
shift and so on. We are now able to see results of
the system's analysis to all of the above.

One difficult and time-consuming area was the
seqgregation and analysis of data per spindle, inter-
spindle capability, In the past, with manual SPC,
operators examined a dimension on each parl per
spindle and then manually charted the data. If a
problem was detected. the setup person would
perform a spindle study by collecting, measunng
and charting the dimension for each spindle. This
took a lot of time and the accuracy of an analy-
sls was gquestionable. Micronite collects data per
spindle by default, and allows troubleshooting to
occur quickly. Engineers have already diagnosed
bad spindle bearings, collets, pushers, elc., bazed
on data recorded and analyzed by the system.
Micranite is saving us time and solving chronic
problems,

Summary

The whole system makes our processes more
stable and helps us perform al a higher guality
level. Topcraft's operators are now proactively
sharpening or changing tools based on direc-
tions from the software. This saves the company
money in purchasing new looling and also saves in
downtime for unnecessary process changes. The
management and engineering team is continuously
using Micronite to uncever problems and quickly
solve them with the confidence that many of them
(problems) will not return.

Before implementation of this system, the com-
pany averaged 3.5 percent of sales per month on
scrap and sorting. After three menths, Topcraft
watched the cost of quality dropped to 1.7 percent,
approximately 50 percerit savings in scrap and
sorting cost. The software offers a tool o make
successful, reak-time, accurate decisions while
alleviating the stress that comes with scrap and
reduced productivity. Our feelings after only three
months of working with it are that we would never
go back to the old system. We believe High Tech
Research and its leader, Dr. Stephen Birman,
deserve cradit from the machining community for
their development of this new centrol tool.

For more data on the software program
descriped here circle the number below on a

Reader Service card from this Issue.
For data circle 132 on a Reader Servige Card.
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[llustrations

Adaptive Job Control Planning (AJCP) with the expert system MICRONITE

(Machine-specific, Process Adaptive planning is a practica aternative to APQP)

Define critical and major drawing dimensions, tolerances, go-no/go and attributes (visuals)

Select machine type, define tool layout with tool positions and link finishing tools to related dimensions

Select the “Comp and change” model for decision to “how much to compensate’ change or re-sharpen tool, etc.
Assign Specia Groups of dimensions and tolerances for process monitoring

Select the process control model for individual characteristics, choose sample size and sampling frequency

(fixed or adaptive)

Select sampling design and acceptability criteriafor GMPa (Gaging, Machine set-up and Process acceptance)

Assign “Off-line” acceptance sampling for inspection by variables

Drawing dimensions are linked to finishing tools.

Length and 3 OD’s are assigned to the
shave tool
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When process change (re-sharpening) is re-
corded, the system will require measurement of
all tool bonded dimensions

GMPa (Gaging, Machine set-up, and
Process acceptance)
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Sampling design and acceptability criteria are
selected for close-tolerance critical characteris-
tics

The process control model is selected from the template
containing 6 types of models.
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DriftControl is applied to processes with unstable tool wear rates.
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BandControl is used for compliance with customer-
requested Cpk value

(Typically, it takes 5 to 10 min to complete AJCP)



lllustrations

Multi-spindle set-up acceptance

Results of set-up measurements, conclusions derived from them and following corrective actions determine to a large
extent whether easy or difficult-to-control processes lie ahead. If basic sample variation which includes gaging variation,
within-part variation and within and between-spindle variation doesn’'t exceed 15-20% and centering of tool-bonded dimen-
sionsis accepted by the system, control of tool wear becomes the only potential problem. The usefulness of statistical set-up
acceptance is not arguable but flexible and precise tools were not available before the expert system MICRONITE was ce-

veloped.
Multi-spindle set-up acceptance includes three major elements:
1. GMPa (Gaging, Machine set-up and Process acceptance)
2. Group capability acceptance
3. Variation controlled PPAP

All three elements are necessary to use for new jobs or repetitive jobs with chronic problems. A well-designed set-up accep-
tance assures that the critical characteristics will be thoroughly measured and unnecessary process adjustments during a pro-

duction run will be avoided.

GM Pa (Gaging, M achine set-up and Process acceptance) for critical characteristics
The purpose of GMPais to estimate causes of sample variation and accept machine and process capability prior to apro-
duction run. At least one close-tolerance dimension should be fully examined after set-up, others can be put on reduced

inspection or “skip PPAP’
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[llustrations
“One of the M ost Power ful Featuresin Microniteis Process Adaptive Control.”

Date Time | LSL USL ‘Decisian Action Reason for ‘Operator Pecs. ‘P Cpk |Range, LSL USL ‘Decision
change Prod %

127372002 2 358 10 z.67 11.76% Wi CONTINUE
12/3/2002 8:21:05 PN acerr | 358 1334 1.4 11.76% 1] CONTINUE
12/3/2002 B:42:48 PN 424 217 1.68  17.85% [l CONTINUE
12/3/2002 9:35:23 FM 424 525 1,61 17.65% 1 ALERT
12/4/2002 12:20:10 A Wi juaruing | 424 1647 1.24  17.65% 1] CONTINUE
12/4/2002 1:16:30 AN 444 563 1.35  5.88% 1 WARNING
12/4/2002 5:38:55 AN acerr | 444 2327 1.36  23.53% m CONTINUE
12/4/2002 6:21:00 AN [warnTHG | 409 410 1.34  23.53% [N ALERT
12/4/2002 4:25:43 FN acerr | 4089 1328 1,38 17.65% Vo ALERT
12/4/2002 B:51:02 PN 409 276 1.33  23.53% Wi ALERT
12/4/2002 m 434 941 1.3z 29.41% I m . | STOP
12/4/2002 11:34: Wil sTOP
12/5/2002 12:57: [ALERT . .

ﬁ 12/5/2002 5:49:55 AN 1 411 E Three operators were involved in a two-week + (W] Il'l :];EET
12/5/2002 §:39:34 AM zero defect streak. Process changes were i WaRTHG
srsizon Go6is m . R | made strictly under guidance of MICRONITE. — L

H H . . CONTINUE
12/6/2002 121 1 mmoa | Prior to MICRONITE,  adjustments,  re- ¥ SONTIIOE
12/6/3002 2 sharpening and tool changes were made 2-4 1 CONTINUE
12/9/2002 & CONTINUE . e
ey times more frequently. Both critical tools ui — CONTIIng
12/9/2002 B:17:09 grmodd | (shave and breakdown) are running close to 1 ot
12/9/2002 9:30:49 AN CONTINUE f f f
Iy A Emen) Six Sigma as oppose to three sigma before " conTIIE
12/9/2002 10:48:45 AM 1 Wl CONTINUE " CONTINUE
12/9/2002 11:53:24 &M W MICRONITE. ¥ TR uE
12/9/2002 1:24:01 PN 1 Wl [uarnING | T RRa T
12/9/2002 2:13:29 PN 1] B 409 49%  1.24  5.88% [T | CONTINUE
12/9/2002 4:10:29 PN (] [sTop | 409 1168 0.91 17.65% n CONTINUE
12/9/2002 6:31:55 PM [} CONTINUE 423 385 6.35 0% " oD
12/9/2002 9:09:35 FN (] 428 456 3.11  11.76% TN TTHOE
12/9/2002 11:36 (L2l CONTINUE 428 1468 z.20  17.65% CoEEE
12/10/2002 1: 1Hl 428 1351 z.15  17.685% o]
20200203l (1] 428 74 1.86] 23.53% CONTINUE
24 012002 ILE: 3 2): 14 e 0H 1.81] 11.76% CONTINUE
CONTINUE 428 33 4.50 5.88%
CONTINUE
12/10/2002 L]} 428 517 4.78  S.88% ]
iz/11/z002 ' CONTINUE 428 1468 5.00 0% CONTINUE
12/11/2002 [] 428 911 4.87 0% ]
12/11/2002 3:43: Wi CONTINUE 428 629 5.64  11.76% i ErYRITTE
12/11/2002 B [] 428 581 3.20 0% CORTINUE
L] CONTLNUE 4 - - T Dlvawne
12/11/2002 B 1 . . - . %
TERTT CPeE I #I 1=4 g | Dr. Birman defines machining models as uni- :I"I TN RE
. . R .. CONTINUE
7?12/11/2@ a:25:31 ax I:“lil E directional, non-linear, non-repetitive, asym- ' ONTINIE
12/11/2002 10:25:35 AN CONTINUE . : .
S § i metrical relatively to spec nominal and unsta- I|l'l COmTIRE
12/11/2002 12:35:18 PH 1] g | ble in sample variation. The combination of f CORTIRUR
/u/am0z 2153007 o ”: ! these components and their contribution into a e
i tool wear curve is unique for every tool run. conTTiE
. : CONTINUE
12/11/2002 5:41:25 PN L} il | These charts illustrate the multitude of na- ]
12/11/2002 10:20:07 PX |conTnuE | o :
T F I : =—==2| chining models for a single tool. ConTIIUE
12/12/2002 2:43:20 AN (] MICRONITE's artificial Intelllgence allows to Zz::ﬁx
12/12/2002 &:26:35 A :I. 0 L | recognize tool wear patterns and stop proc- CONTIHUE
:
TR GRS 1l rmna | €Sses before excessive tool wear starts. o
iﬁi 12/12/2002 7:11:49 AN 1 4l [waRNTHG | _ W ]
12/12/2002 8:17:12 4N ] 409 653 1.37  17.65%
COHTIHUE
12/12/2002 10:08:02 AN [} 409 1108 1.48  5.88% W o
12/12/2002 12:11:38 PH il CONTINUE 409 1232 1.55  17.65% " o
CONTINUE
12/12/2002 6:16:51 P [} 4z8 1150 3.62 0% m ]
12/12/2002 11:13:11 PM ] 428 1005 4.34 0% ]
12/13/2002 1:12:31 AN [} CONTINUE 425 1185 4.1 0% ]
12/13/2002 3:22:45 AN [] 428 1302 4.48 04 o
12/13/2002 5:36:05 AM I' | CONTINUE 409 11 1.66 23.53%| CONTIHUE
12/13/2002 6:41:00 AN (11} ¢ 409 G Eo2] LTECOE [warnTHG
12/13/2002 7:39:03 AN | |"”| CONTINUE 409 580 1.66  23.53% T
12/13/2002 9:31:27 AN L] 409 1124 1.55  11.76% i ? Tl
12/13/2002 10:26:50 AN 1 4l CONTINUE 409 503 1.35  23.53% CORTENTE
12/13/2002 11:57:45 AN L1} CONTINUE 409 320 1.20  17.85% CONTINUE
12/13/2002 3:58:55 PH Ll [waRdING | 409 83z 1.25  17.65% [warnTHG
L] CONTINUE 358 30 2.46  11.76% ORI
o 2 aas e T
12/17/2002 7:37:47 PN (] CONTINUE 444 895 1.30  11.78% CONTINUE
12/17/2002 &:40:45 PH (1] 443 629 1.33  17.65% CONTIHUE
12/17/2002 10:37:21 PM ] CONTINUE 444 751 1.5z 11.76Y CONTTHUE
12/17/2002 11:51:41 PH 14l 444 743 1.68  11.76% COHTINUE

% 12/18/2002 2:25:22 AN .l [} [waRNING | 442 1536 1.38  11.76% WARNTHG
12/18/2002 2: |conTInuE | 442 101 1.49 0% [wARNIHG
12/18/2002 3: [] ONTINUE 442 601  1.56  5.88% [warnIHG
12/18/2002 7: il 409 594 1.8z 17.65% COHTIHUE
12/18/2002 8: L] — 409 551 1.93  11.76% CONTIHUE
12/18/2002 9: |contnuE | 409 799 1.47  5.88% CONTINUE
12/18/2002 11: Wl 408 1142 1.28  17.65% COHTINUE
12/18/2002 12: 141 408 935 1.20 11.76% + [waRNTHG
13/18/2002 2: (] 409 1202 1.23  17.65% COHTINUE
12/18/2002 6: |contnuE | 444 58 6.35 0% CONTINUE
12/18/2002 5:20:31 PN 444 1340 6.43  5.58% COHTINUE
12/18/2002 11:15:52 PH 442 1793 2.09  5.88% CONTIHUE
12/19/2002 12:00:02 &M CONTINUE 442 401 1.51 11,764 CONTINUE
12/18/2002 12:59:41 AN 442 596 1.62 11,764 CONTINUE
12/19/2002 3:55:10 AN i 1D 444 774 1.58  17.65% COHTIHUE

#3 LTH 9.59000/ 9.42000 -- Breakdown tool

< Resharpening iy Adjustment X Tool change



[llustrations

MICRONITE isaMaster of Group Modeling

Theoretica machining models and common knowledge defects for related dimensions  machined by the same
are not necessarily helpful in zero-defect control of a  shave tool. Decisions to re-sharpen a tool are made for
cutting tool. In this example: MICRONITE recognized one or another dmension regardless whether it's larger or

different tool wear patterns and determined the risk of “most close tolerance” dimension.
SHIFT #1
OD 12.4800/ 12.3950 OD 14.1000/ 14.0300 OD 15.8200/ 15.6200
LSL USL |Decision LSL LIsL LSL USL |Decision
" | I e THT 1
3 LIS ; Sl LU TR W | B
= TR B vaamt I L =l | ]]]. ._] COHYLHUE
i1} 1 i I [ ]] 1 N1 | W cunronuz
3 R 1 E S R | ;i 1R ol EgET :
Wi T TIE L W core
WADHINR . | I . i o B O T IHUE
l__ II-=II-J]I W = |_ re-sharpening = T } re-sharpening : _“"l | i e
] 1 [ | i | ] Bl 1 EL
] (] I B 1] | = W conrmug
S | f] | I Wi 1 N == " B convnue
[ Iom DT oo |
| ni 1 I m '.'I i 1 Ehesd
2 L | | | e (k8 i [
IR B T I ]"I :] | ] | Wl conronm :
I w1 | 1] i |
| I I
W - Part growth was allowed until Part growth for a larger diameter
diameter ith 0,036 mm tolerance. “Warning" was released due to was not visible. Good job of a
After the next sample the tool was | closeness to upper spec limit. process engineer!
re-sharpened. Re-sharpening returned readings
to spec nominal.

Shave Tool
SHIFT #2
OD 12.4800/12.3950 OD 14.1000/ 14.0300 OD 15.8200/15.6200
LSL USL |Desision sl USL [Decision LSk USL |Decision
s =l O | L covrine
] i = TR I ([ oo
[. | T [ . { W conrrinm
| n I a1 o W couriaue
i I 'R o ETE
| (Rl | 1 o R conTriuE
[N} I (N1} = B canTin
| | | I [} | W covTrnee
WD i |
1 l. [ 1} i CHNT I
| S | " R cETnERE
[ =TT I L] | o
[} T ]} I o B Jyconnie
z I LU I 1il o s
[} [ | | [ (1] 5 B conTTmiE
[ I Il 1 [} u |
1 1
A 'Stop’ decision is issued by Sample variation is dramatically
MICRONITE due to increase of — reduced after re-sharpening.
sample variation.

Shave Tool




