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FMEA/Control Plan / SOP I\/l/\]]:

Process Risks

RPN’s

How to check

» Safety Frequency

e Training Non-conformance?

» Shopfloor



Measure - Variation W

There are two methods for interpreting data

within a manufacturing environment:-

The Specification Value approach (VoC)

Shewharts Control Chart approach (Voice of the

Process)



=¢| Measure - Variation

The Specification Value approach (VoC)

Unfavourable Favourable Unfavourable
result —in result — doing result —in
trouble — do OK —do trouble — do
something nothing something
Lower Higher
customer customer

requirement requirement



Measure - Standard Deviation M/\D[

Consider a sample of 5 data points; 6.5, 7.5, 8.0, 7.2, 6.8

The Range is the highest minus the lowest; 8.0 -6.5=1.5
The Mean (X-bar) is 7.2

The Standard Deviation is

(6.5—7.2)2+(7.5—-7.2)>+ (8.0 —7.2)2+(7.2 —7.2)?+(6.8 — 7.2)?
stdev = c 1

stdev = 0.59



Measure - Control Limits M/\D[

* Statistical tables have been developed for various types of
distributions that quantify the area under the curve for a given
number of standard deviations from the mean.

* Shewhart found that control limits placed at three standard
deviations from the mean in either direction provide an
economical trade-off between the risk of reacting to a false signal
and the risk of not reacting to a true signal.

L I Process Mean
Process Distribution

+3 Process Standard
Deviation

-3 Process Standard
Deviation

5.43 7.2 8.97



Measure - 3 Standard Deviations M/\D[

* We want to calculate three-sigma, which is three standard
deviations above the mean.

e 3Xx STDEV + Mean

e stdev = 0.59
-3(3 x 0.59) + 7.2 = 8.97



Measure - Control Limits M/\D[

* The illustration below shows a normal curve for a distribution with
a mean of 7.2, a mean less 3 standard deviations value of 5.43, and
a mean plus 3 standard deviations value of 8.97. Values, or
measurements, less than 5.43 or greater than 8.97 are extremely
unlikely.

* These laws of probability are the foundation of the control chart.

L I Process Mean
Process Distribution

+3 Process Standard
Deviation

-3 Process Standard
Deviation

5.43 7.2 8.97



Measure - Control Limits Vs Tolerances

Control limits, are the

‘Voice of the Process’

|dentified as;

* Upper and Lower
Control Limits

Tolerances are part of
the Customer
specification, and
therefore the ‘Voice of
the Customer’
|dentified as;
* Upper and Lower
Specification Limits
(LSL & USL)

LSL

- 3ag

+ 30

USL

)

¥

Matural vanation of the process

Customer specification width
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Measure - Control Limits M/\D[

* Consider that the distribution is turned sideways, and the lines

denoting the mean and 3 standard deviations are extended.

* This construction forms the basis of the Control chart.

* Time series data plotted on this chart can be compared to the lines,
which now become control limits for the process.

* Comparing the plot points to the control limits allows a simple
probability assessment.

11
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Nelson’s Rules 1 to 3 M/\II

Rule Description Chart Example Problem Indicated

Ruba 1: Ona point is mana than 3
standard deviations from tha maan

ucL e b e 3
E— One point is more than 3 standard + | One sample {two shown in this case) is
ule o
deviations from the mean. z \{ /4[ p/. grossly out of control.
LCL ——-————-————-——15/ ————————————————
Rula 2: Mirss (or more ) poinks inoa row
are o tha same side of She mean
. i . L L [ Ar
Mine (or more) points in a row are on ) )
Rule 2 ) Some prolonged bias exists.
the same side of the mean. /
% 2 .
L R
Rule 3: Six [0r more) points ina row ara
conhnually mcreasing |or decraasing)
. ; . DL o o o I
Six (or more) points in a row are . i
Rule 3 ) i ] . ) A trend exists.
continually increasing (or decreasing). _ \{ A
X \/_-

wee b -



Nelson’s Rules 4 to 6

NN

Fourteen (or more) points in a row
Rule 4 alternate in direction, increasing then
decreasing.

Two (or three} out of three points in a
Rule & row are more than 2 standard deviations
from the mean in the same direction.

Four (or five) out of five points in a row
Rule & are more than 1 standard deviation from
the mean in the same direction.

Rula &: Faurtean (or mana) peints in & row
alernata in dimecion, increasng hen decreasing

b

Rula 5: Two (or fhras] cul of Thres poirs in & row ara mara
than 2 standard devialions from the mean in the same dinection

‘{v\/ FavA

it T

Rule &: Four [or fiva) ouf of fwa points in & row ana mana than
1 standard deviabion frem the mean in tha same dimction

ucL

EEETS

L e i e T e

This much oscillation is beyond noise.

This is directional and the position of the
mean and size of the standard deviation
do not affect this rule.

There is a medium tendency for
samples to be mediumly out of control.

The side of the mean for the third point
Is unspecified.

There is a strong tendency for samples
to be slightly out of control.

The side of the mean for the fifth point is
unspecified.

14



Nelson’s Rules 7 and 8 M/\II

Rula T: Fiftaen poinds in & row ana all walin 1 standard
dewiation of the mean an efher side af the mean

Fifteen points in a row are all within 1 ueL R A
Rule 7 standard deviation of the mean on either
side of the mean.

With 1 standard deviation, greater

« A o - P @ variation would be expected.
N W w P v

=1

Wb

Rula 8: Eight points in & row excist with nona within
1 standard deviabon of the mean and the ponts

Eight points in a row exist with none ara in bath direstians from the mean ) )
- L usL mmmemem e ir | Jumping from above to below whilst
within 1 standard deviation of the mean

Rule & ) ] i . . ’ ' missing the first standard deviation band
and the points are in both directions i \ ]
k3 is rarely random.

from the mean. 1// V i .




Control Chart
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Level 5 — Inputs/Outputs W\D:

Y=(f) X
INPET X
Y =(f) X —
FUNCTION f:
Outcome Y = (Function f) Output X C
v

OUTPUT f(x)




Level 5 — Inputs/Outputs
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Level 5 — Road Map

Strategy

Optimise
Process

Phase 4
Improve

Phase 5
Control

Determine the
optimal values for
the factors

Characterise
Process
Phase 1 Phase 2 Phase 3
Define Measure Analyse
Define Identify measures Identify the factors
the problem Check your which are the main
Listen to the measuring contributors
customer systems
(VoC) Collect data
Raise project Listen to your
charter process (VoP)

Determine the long-
term controls so
improvements
identified and are
embedded in the
organisation

20



Level 5 — Capability M/\D[

o = standard deviation
Mesurement of how
much dispersion there
IS amongst a set of
data

IL

— B8% —™

-G +13
e——————— 50,

-20 +20
< 99 7%

L]

__-bo +60

»
»

99.99966% (3.4 defects / 1,000,000 opportunities)




Level 5 — Capability M/\D[

 Mean, Mode, Median, Range, Variance and Standard
Deviation

« Testing for Normality

« 2 Sample T Tests

« Analysis of Variance (ANOVA)

 Correlation

* Regression

22



Where do we think we are? M/\D[

No data or experience — all we can offer is an opinion

No data — we use our experience to get through

Some data - data collected we just look at the numbers

Grouped data - basic charts and diagrams
Descriptive statistics - mean, median, mode, Std Dev etc

Characterising statistics - Cp, Cpk,

ontrol statistics - SPC charts \
Inferential statistics - normality, regression, DOy




Lessons Learnt M/\D[

* Review the project

 Did the results meet the aims/targets of the
project charter?

* If not, what were the issues around this
(l.e. scope, timings, resource allocation,
buy-in, application of tools, skills gap,)

« What will we do differently next time?

24



Recognition M/\D[

« Sometimes a simple verbal thank you will do

« An E-mall to the recipient will can be a more
formal way of communicating — cc their boss
too!

« Larger projects may require a more
appropriate event

« Communicate success to the larger work
environment — fly sheets, newsletter etc

* Don'’t forget it is always about people and how
we interact and treat each other

25



Ment.com use code 1979 6944

Joinat menticom use code 1979 6944

Improve /Control Quiz

26
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Control Chart — Case Study

Fan Blade

Compressor

Spinner

Low-Pressure

Compressor (Booster)

This Photo by Unknown Author is licensed under CC BY-SA

Combustor
High-Pressure

= '/ 5

e,
P T

P
S
-

High-Pressure
Turbine

5

_'”””"\\\\ .
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Control Chart — Case Study M/\]I

« Component sheared to length/width from
mother-sheet

* 4 more value added processes undertaken
until final inspection

« Approximately 10% of products rejected at Fl
for under- length/width (over-length/width may
be re-sheared to size)

29



Control Chart — Case Study

30



Control Chart — Case Study

Length typically 850 -1200mm +/- 1.0

<«

u /

Width typically
500 - 600 mm +/-
1.0

v




Control Chart — Case Study

Pack

Shear Chemical Grind Chemical Final

to size process thickness process Inspection
A I
| e e e e e e e e e e " ——— 4

32



Control Chart — Case Study M/\]I

« Capital case approved for new shears and
visual inspection system to confirm conforming
dimensions

« System commissioned and MSA undertaken
on all key process characteristics

 Final Inspection of these characteristics
removed

33



Control Chart — Case Study

Planer Machine membrane length at shearing

1. Study details Gauge R&R/ Ag Analysi: p!
Unique Study number | Gage R&R (ANOVA) Report for length
Study issue no. | ]
Study originator | IS, -
Study date P O
2. Application = ': . :
Company E > }'__ - A\ e
Plant - Al R
Site e PR T
g[e" . bongth by part 10 Xiiar Chart
ea e Y wos
=\ N e e
3. Gauge Classification 2 . } - .
Family Non Contact Vision V ¥
Type Camera '"u-um:‘:uwmu s
Subtype na_ 1
Interface n/a
4. Gauge Details ——
Make Insp
Model |P150.50 Goge AAA o bt
Series P150 g o
Resolution (mm) 0.05mm by
Range (mm) 150 | 1000 | =
Serial no, |477.P150.50 |
In calibration? Yes ] NN
L
5. Study Details e G S
# of Characteristics 10
# of Operators 1 o e it e <068
# of Repetitions | N 3 1
Ambient temp. range (*C)| 18 | 25 o 5
Part temp. range ("C) 18 25 Yo Cgs MR $000300
Gauge temp. range (°C) | 18 | 25 |t
- _— = - yy Total Varlation 01062540
6. Accep Result eocars torsnce =)
Feature desciption Length
Nominal (mm) 1012.000 Sors  Suientin the 105 Ol
Tol range (mm) 1010- 1013 v Gt ossm 381
Gauge R&R (mm) |n/a Tt Vatn O34T 300798 $740
Gauge R&R (%tol) 363
Gauge Bias (%tol) n/a e OO
# of Distinct categories |26
7. Study Summary & any required actions Overall Result

10 PARTS 3 REPEATS

:% Tolerance System is
<10%

34



Control Chart — Case Study

35



Control Chart — Case Study M/\]I

* Only one mother-sheet sheared before
measuring the two child panels

 Final inspection of the characteristics removed
from final inspection — now only gauge and
surface finish checked

« Automatic report generated for each panel

* Process control visible to all walking through
the bay

36



Control Chart — Case Study

gr-q!gi

samas
- -
——
-
|~
=
=
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Six Sigma Project Ha“so"

Ferrous Sulphate Weigh feeder

38



NN

Overview “Hanson

Ferrous sulphate is a additive in the production of cement and is used
to reduce the chromium content. High levels of chromium can cause
dermatitis if the cement is handled.

A loss in weight screw feeder is used to deliver the quantity of ferrous
sulphate dependant on Clinker federate

The system was original designed for powder and due to shortage of
supply we are now having to run a higher concentration granule
material. Since this change the feeder has been unreliable and
Inaccurate. For this reason we have been adding tin chloride which is a
substitute to ferrous sulphate but is at a much higher cost.

39



Project Charter HHanson

AEIDELBERGCEMENT Group

Problem Statement and area of Opportunity

Ferrous Sulphate is an additive in the cement manufacturing process to reduce chromium. The material has change concentration and has gone from a power to a granular. Due to this the
feeder has become unreliable and an alternative additive tin chloride is being used at a higher cost. increase the reliahility of the feeder so that ferrous sulphate can be used and improve the
reliahility of the feeder to ensure the minimum ferrous is used to achieve the chromium levels required.

Business need and justification

Production of cement cost too high. Substantial saving can be made if ferrous sulphate is used.

Risks and Issues Assumptions and Dependencies
Unable to meet the deadline of April due to part delays (Covid) All chemistry data is available
Quality risk if chromium levels are not met.( Fines & reputation ) Assume the ferrous concentration will say consistent
Cost of cement too high The Cement mill runs with no downtime

Cost of the Ferrous Sulphate and tin chloride doesn't change

Project Ownership / Approval

Project Manager Mike lones Project Champion Approval Date

Project Number Process Owner Hanson

Financial Benefits / Timing

Financial Benefits Estimated Expenses [ Investment Schedule
Goal Actual Goal Actual Goal Actual
Payback Period (yrs.) im 1m Parts to improve the reliability £sk £6,259 Measure 28-lan-22 29-Apr-22
Annual Savings £414,108 of the feeder Analyse 25-Feh-22 29-Apr-22
Cost of contactors £2k £789 Improve 25-Mar-22 29-Apr-22
Control 22-Apr-22 06-May-22

Project Team

Supplier Representatives Internal Team Customer Representatives
Name Supplier Title Name Function Role Name Cust. Title
N/A N/A N/A Mike Jones Electrical Electrical sup Michael Worrall Rospen Engineer
N/A N/A N/A Andy Fairhurst Mechanical |Mec. Team lead| |N/A /A N/A
N/A N/A /A Paul Anderson Process Cement Eng. N/A /A N/A
N/A N/A N/A Chris Jones Quality Quality Man. N/A MN/A N/A
N/A N/A N/A N/A N/A N/A

40



Who supplies the
process inputs?

What inputs are
required?

Processes
What are the major steps in the process?

What are the process outputs?

HAEIDELBERGCEMENT Group

Who receives the outputs?

Process Control

Ferrous supplier

Delivery request from
levels in silo

Ferrous sulphate is delivered to site and blown into
silo

Silo is filled ready for adding to the process

Hanson

Day bin level low.
Request to fill

When the feed bin calls for material, the sluice starts
and fills the bin to the set level

Day bin is filled to high level

Hanson

Hanson

Mill federate setpoint

Screw feeder set point generated as a percentage of
clinker feed rate.

Kg/h setpoint for feeder

Output is input into the PLC control

Ka/h setpoint

Software control to calculate the VSD speed setpoint
from the Kg/H setpoint.

Setpoint is sent to VSD and adjusts the speed of the
screw

MV excitation voltage
from the bin loadcell
scaled to Kg

Kg loss is measured over a fill cycle to calculate the
amount federate

Kg/h actual reading.

Hanson

Ferrous is screwed into
the inlet of the mill.

Ferrous is ground with the other materials in the
charge mill

Cement is transported to silo

Customer

Hanson

sample of cement is
taken to the lab

Lab test for chromium levels

Percentage of ferrous is altered to adjust chromium
levels

Quality standards are met for customer

Maintenance

Hanson

SAP requests PM to
maintain the feeder.

PM is put in planning process.

Time and labour allocated to perform PM

Planning department

Planning
department

Pm scheduled and
machine down ready for
PM work

Feeder is cleaned and inspected.

Cleaning will alter the load on the cell altering the
calibration

Clean screw feeder that
has been inspected for
sign that would affect
the calibration.

Tare the feeder and span with 20KG weight.
Accuracy of 1%

Bin is calibrated to ensure feeder is reading accurately

Production

Hanson

Data collected from PM

Records updated to make production aware of how
the correction will effect quality.

Federate of ferrous adjusted if any major adjustments
have been made.

Quality improvement and potential cost
saving.

41




Cost saving when using Ferrous Hanson
sulphate instead of tin chloride

Material Cost Quantity per tone of cement Cost / tonne

Tin chloride £7870/ 1000 litters 250ml £1.97

Ferrous sulphate £663 / tonne 1.2 kg

Additive Federate (t/h) Cost /day Cost/week Costlyear

Tin chloride 45 £2,127.60 - -
Forrous sulphate e SR - -

Cost saving

42



Brainstorming “"Hanson

Miecharica ()

eeder inverte Feed rate .
parameter eede inaccurate eeder built u
incorrect with dust

High concentrate
material. Screw needs
Load cells has
dust ingress
ew not suitable

new material. ontrol may be

High Torque / incorrect
Current LC program no
A o Iculate the corre

federate

weeks betwee

Mechanical
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Reliability root cause

First we had to get the feed screw operationally and look
in to each possible cause more in depth to find the root
cause of the problem. We took the possible causes from

the bramstormln seSS|on and drllled down further down
echanical jssue e SC{ﬁW drive which was increasing load on the

tO Qgﬁgar or COI’] Irm the root cause.

Motor not set up correctly in the inverter or connected incorrectly.

Fault with motor

Motor running too slow due to the introduction of new material.

Screw not suitable for new material increasing load.

First task was to clean the feeder and area and ensure
lighting and any leaks where addressed prior to any
inspections or tests.

NN

“Hanson

HEIDELBERGCEMENT Group
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NN

“Hanson

Evaluating each possible root

cause

Mechanical issue with the screw/drive

» Gearbox inspected and oil level checked

» Bearing inspected for wear on the motor, gearbox and screw and
greased.

radMiviumiageasily by hand showing no signs of resistance.

« Motor winding were checked to ensure each winding was the same resistance. (Balanced)
* Insulation resistance test carried out to ensure the motor wasn'’t breaking down

under load down to earth or between windings
Motor not set up correctly in the inverter or connected incorrectly

 Inverter motor settings was checked in the ACS 550 inverter (parameter
99). An ID run was also carried to ensure the drive in was set up for the
specific motor . Connection and wiring was check . Insulation resistance of
the cable from the inverter to the motor was also check for any breakdown
of insulation resistance .No issue found.

45



NN

Screw delivery test “Hanson

Motor running too slow due to the introduction of a higher concentration material.

An experiment was carried out to determine the federate of the scree across its
speed range. 10min samples where taken at 3 different fix speed. The samples
where taken and weighed on a calibrated scales and the feed rate calculated.

The feeder needs to deliver between 30 — 80 Kg/h dependant on the clinker setpoint

Time (m)  Motor speed (RPM) Gearbox Screw speed (RPM) Weight delivered (Kg) Weight delivered ( Kg/h)
10 500 20.1 25 16.9 101.4
10 1000 20.1 50 36.8 220.8

10 1500 20.1 75 59.5 357

46
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Ferrous Sulphate Feed rate Kg/h vs

motor speed RPM

o
Hanson
HEIDELBERGCEMENT Group

o
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350
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NN

Screw delivery outcome ~Hanson

From the motor data sheet the frequency range of optimum torque when driven
by a VSD was 25-50Hz. Which is between 50-100% motor speed. By using the
screw speed required the gearbox ratio was calculated to ensure the motor was
running in this optimum speed band for the desired federates.
Actual motor speed at
Feed rate Kg/H Gearbox ratio selected Screw speed(RPM) feed rate (RPM) Motor Speed (%)
30 70.1 11.6347 814.43 54.30

80 70.1 21.3997 1497.98 99.87

48



NN

Is material causing more resistance "~ Hanson
2

Screw not suitable for new material ihncreasing load.

- Atest was carried out to determin€ what current the motor was
drawing over it speed range to see if the motor was getting

Motor Speed % Motor Speed RPM Gearbox ratio Screw speed Screw motor current FLC (A)
10% 150 20.1 8 4.5 1.1
20% 300 20.1 15 4.5 1.1
30% 450 20.1 23 4.5 1.1
40% 600 20.1 30 4.4 1.1
50% 750 20.1 38 2.3 1.1
60% 900 20.1 45 2.5 1.1
70% 1050 20.1 53 2.6 1.1
80% 1200 20.1 60 2.7 1.1
90% 1350 20.1 68 2.4 11
100% 1500 20.1 75 2.3 1.1

From the data gathered it can be see that the motor is pulling to much current across
the speed range and if it was solely down to the motor turning too slow the current
should have reduce below FLC at higher speeds.

The motor shouldn't draw motor than FLC as the VSD should limit the output. The

MaX current was set at 4.5A and suspect this was done to try and get the motor to
run but would lead to premature failure of the motor.

49



Material suspected issues

Suspect problems with granular material

« The gap between the screw casing and the screw too small allowing granules to
jam.

« Gap between the agitator and the screw too small having the same effect

Sample testing

« Rospen carried out material sample test to ensure the screw
and agitator was suitable for the application.

» The result confirmed the susp|C|on and the screw casing was
replaced so ,craper was also
replace for e the application.

e Same size s |

‘)\\\\\\\

NN

“Hanson

HEIDELBERGCEMENT Group
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Retest motor current when Hanson
delivering material.

Once the new screw was install with the new gearbox a the test was carried
out again to confirm the motor is not being overloaded and pulling less than FLC.

Motor speed Motor Speed RPM Gearbox ratio Screw speed Screw motor current FLC (A)

51
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Overview chromium content in “Hanson
cement

* The max limit of chromium in cement is 1ppm. This is a legal requirement so it

cannot got higher.

Reducing chromium lower than 1 has no benefit and is just
extra cost of ferrous sulphate not required. (Waste)

To measure chromium a Cement sample must be analysed in
a lab.

During the test there is a risk over having chromium level too
high. This is being controlled by the quality department and as
long as it is monitored cement can be blended before going
out to the customer.
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Running test of the control process

Test to check the process controls

Variable measured
e« Chromium content

» Ferrous sulphate setpoint
* Ferrous sulphate actual

Fixed
* Clinker federate 40t/h

Sample
« Sample data every 4 hours for 7 days (running hours)

Prior to the test the feeder was cleaned and calibrated following the
Hanson procedure.

NN

“*Hanson

HEIDELBERGCEMENT Group
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NN

Test 1 “"Hanson

The test was cut short as it was obvious from the data the setpoint has no
affect on the actual federate and the level of chromium was too high.

The actual clinker federate was set at 48 Kg/h which equates to
1.2Kg / t of clicker with a set point of 40t/h

The operator increased the setpoint to 200 Kg/h with no significant change
in chromium content and the actual federate didn't change from
23.5Kg/h
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Accuracy of the Ferrous feeder Hanson

Ferrous Feedrate kg/h
Chromium ppm

Ferrous Actual
Kg/h
—— ETOUS
Setpoint Kg/h
3 4 5 Actual

chromium PPM
Samples taken every 4 run hours

55
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“Hanson

HEIDELBERGCEMENT Group

Test 1- Analysis and corrective actions

The control of the system was none existent so the PLC logic
was analysed to find the cause of the problem. The control of the
screw was forced out causing the feeder to deliver a continues
output of 23.5Kg/hr. There was comment in the logic that it was
past 11 Toe saiiia eliordeat@st. out with the force remove.

1. It was found that there was step difference between the
actual and the setpoint of ferrous sulphate federate.

2. Between sample 27 and 28 there was a step change in the
federate but with no significant step change in the chromium
content indicating that it was not an actual change.
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Test two control chart “Hanson

HEIDELBERGCEMENT Group

u
B
T
&
s
E
&

Chromium PPM

w— Ferrous Actual Kfhg

Ferrous Setpaint Kg/h

= pctual Chromium PPM

12 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
Samples taken every 4 run hours
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Analysis and improvements of Hanson
feeder control

Test 2- Analysis and improvement

1. The PLC logic for controlling the setpoint of the screw was analysed

and the Setpoint was directly proportional to screw speed and was
not noverned hv weiaht at all

Process variable
Setpoint Output Kg/h of Ferrous sulphate

[ Motor Speed
- setpoint to inverter

L function block
feedrate control

Calculated Loss in
Min Kg/h Weight /cycle time
Kg/h

_

Dispayed actual
feedrate on DCS
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Accuracy of the Ferrous feeder Hanson

New control process

Process variable
Ke/h of Ferrous sulphate

Setpoint Controler
PID Function output | Motor speed

- > i .
Block (controler) setpoint to inverter

3

Calculated Loss in
Weight /cycle time
Ke/h
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Analysing the Data “Hanson

2. Feedback step change.

Looking back at the production log between sample 27 and 28 the
machine was down for maintenance and the ferrous feeder was
calibrated.

Equipment issue

The feeder was ran empty and load cells checked for any signs of
damage or impingement that would cause a problem. The feeder was
also physically checked for build-up inside but all was as expected.

Calibration issue

The procedure on.the WO was looked at and the instruction to zero

and span the feeder was clear and what test weight was to be applied

and also for it to be checked in the settings prior to calibration. What it

didn’t stat is where to apply the weight. 60
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Calibration experiment “Hanson

If the calibration wasn’t accurate then this would allow for variation in
the feedback and control making it run

Test was carried out to check the accuracy of the calibration and
ensuring it is repeatable with in 1% tolerance every time. (site
standard)

There 5 different variations of weights positions and sizes where set.

For each calibration method the was 10 calibrations carried out. The
feeder bin was completely ran out and zeroed, then weight applied
and spanned. Then an exact measurement of the product was put in
the feeder the comparison was calculated.

It was found that method 3 was the most accurate but three of the
methods would have met the site tolerances of 1% .
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. ]
Weight u
]

size and calibrated Calibrated Measured reading of Percentage out of Calibration Maximum
Test number position zero Span 20kg of material (Kg) scale (%) within tolerance deviation % Hanson
1 0.00Kg 20.00Kg 20.84 4.2 FAIL HEIDELBERGCEMENT Group
0.00Kg 20.00Kg 21.01 5.05
0.00Kg 20.00Kg 20.94 47
0.00Kg 20.00Kg 21 5
0.00Kg 20.00Kg 21.08 54
0.00Kg 20.00Kg 20.98 4.9
0.00Kg 20.00Kg 21.03 5.15
0.00Kg 20.00Kg 21.19 5.95
0.00Kg 20.00Kg 21.76 8.8
0.00Kg 20.00Kg 21.23
0.00Kg 20.00Kg 20.43
0.00Kg 20.00Kg 20.52
0.00Kg 20.00Kg 19.98
0.00Kg 20.00Kg 20.35
0.00Kg 20.00Kg 20.23
0.00Kg 20.00Kg 20.12
0.00Kg 20.00Kg 19.89
0.00Kg 20.00Kg 19.72
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
0.00Kg 20.00Kg
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HEIDELBERGCEMENT Group

Accuracy of the Ferrous feeder

Test 3 - Control of the PLC software is accurate so the data can now
be analysed.

g/hOo ©
o ol

~
(6]

~
o

Ferrous Actual
K/hg

AN

== Ferrous
Setpoint Kg/h

Ferrous Feedrate k
a1 [6)] o)) (o))
o (6} o (&3]
Chrogium PPM

N
(6]

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
Samples taken every 4 run hours
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Analysing the data testing for manson
normality
Mean 0.951090909 Kurtosis — 0.55 Close
Standard Error 0.003620673 to normal shows the
MM:de 822 distribution between
thectaile $s nofimal 6
Standard Deviation 0.026851631 ShOWS tha‘[ the data

Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

0.00072101 / IS symmetrical and
.0.5492982.
RRA@lis greater that

0.1 indicating that the
control limits are too

El&f/qlmit less that 0.9

High limit over 1
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HEIDELBERGCEMENT Group

Analysing the control chart

Test 3 - Analysing the data and control limits

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

== Actual
chromium

valve
1Sigma +

[EnY

2 Sigma +

Chromium PPM
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Accuracy of the feeder control “Hanson

Test 3 - Analysing the data and control limits

The data was assess using Nelsons rules do determine if the
variance in chromium was common cause variation or special cause
variation . Due to none of Nelsons rules applying it show that this it
the natural rhythm of the process.

The control limits will be set a +/- 3 sigma which will ensure that the
chromium content will 99.7% of the time fall within these limits.

Mean = 0.951ppm

Standard deviation =0.2685

High limit = 0.951 + (3* 0.02685) = 1.0316 ppm
Low limit = 0.951 - (3* 0.02685 ) = 0.8705 ppm

This takes us above our maximum 1ppm so the mean value needs
to be lowered by adjusting the percentage setpoint.

66



NN

Accuracy of the Ferrous feeder “Hanson

Test 3 — How to correct the setpoint of the federate to ensure
chromium levels are maintained as close to 1ppm as possible.

The 4hr chromium test will continue as part of the process and a
rolling mean is calculated over a 56 sample period. This mean will be
used to adjust the setpoint of the ferrous to ensure the chromium
values are within range.

Mean target will be 0.91145 ppm with a +/- 5% error.
Top limit 0.9194 ppm and lower limit of 0.9034 ppm

The lab gather the data after each test and adjust the ferrous
federate the average move between these limit.

When starting the Ferrous feeder without historic data the setpoint
will be set at 1.3kg/h until the data is gathered to ensure the ferrous
Is not underfeeding and will be increment reduced to run in the mean
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Improve and control ~Hanson

Calibration

* SOP has been amended and attach the WO when issued. Step by step
Instruction with images.

 Location of weight placement marked on feeder.

« Weight and SOP located in locked panel next to feeder to save time transporting
and looking for equipment. K: :

- Test result to be entered on work order and admin ensure cy
entered in the calibration data folder.

* On the job training provided to all electrisation’s to ensure t
the process.

 Calibrations now carried out ever 4 weeks not 6.

* Loss in weight check PM created weekly to check accurac
run.
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Improve and control “Hanson

Maintenance

* Preventative maintenance schedule in place to ensure the feeder is
mechanically inspected every 6 weeks. SAP system is used to issue
PM and capture any issues in the form of notifications.

» Ferrous feeder added to the daily root of the cement operators to visual
inspect the feeder. This covers housekeeping , leaks , 5 sense
inspection , lighting etc. Any issue reported by notification via SAP
system. Training provided.
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Cost Saving

HEIDELBERGCEMENT Group

Cost - Total cost of improvements was

Cost motor and gearbox £460
Cost of material £789
Cost of new screw and housing £4399
Cost other £1500
Total cost £7148

Additive Federate (t/h) Cost/h Cost /day Cost/week Costlyear

Tin chloride 45 £88.65 £2,127.60 £13,829.40
Ferrous sulphate 45 £36.72 £881.28 £5,728.32
Cost saving of material

Cost of project

Actual Savings

71



NN

“Hanson

Conclusion

Ferrous feeder is now operational and tin chloride is
not used in the milling process

The reliability of the feeder it the short term has been
100% with no problems but this is not sustainable.
The saving over a year production would account to

£

Further long term trials ongoing to ensure the process
doesn’t have any large step changes in chromium
content in clinker if so the mean setpoint will not react
guick enough to the process needs. May have to
reduce limits to ensure quality regulations are met.
The project took longer than expected waiting for parts
and analysing material wasn't accounted for.
Completion not till start of May.

HEIDELBERGCEMENT Group
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Level 5 — Schedule Block K

Define
Measure
Analyse
|mprove
Control

ML

MANUFACTURE

ADVANCED
DESIGN
ENGINEERING

Team Project

Project Definition

End
Aug/Sept
Final Review

Feb 23

Mar — Apr
23

May 23

Jun 23

Jun 23




Forthcoming Events M/\D[

For your diaries:-

Friday 23 — Drop- in session (let me know what time!)
Test #2
Friday 30th June (covering complete course materials)

Open from 1pm on the Friday — close midnight following
Monday
1 hour duration, multi-choice (approx. 40 guestions)

Project Reviews
Friday 25" August - 08:30 —12:00
Friday 1st September - 08:30 - 12:00

30 mins — 5 mins each phase, 5 mins Q&A
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Final Thought

I Keep Six Honest Serving-Men
by Rudyard Kipling

I Keep six honest serving-men:
(They taught me all I knew)

Their names are What and Where and When
And How and Why and Who.
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