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Clifford Glowacki, CIH Date

VP Operations: // Original Sgned //
George Crandell Date
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The data contained in this report was developed to assess the relative consistency of greensand
molds and the surface appearance of castings made from them. The molds and castings were
produced in the Technikon casting facility. You may not obtain the same results in your facility.
Data was not collected to assess casting cost or environmental impact.

CRADA PROTECTED DOCUMENT
ii



TECHNIKON #1409-611 - FH
30 SEPTEMBER 2003

THIS PAGE INTENTIONALLY LEFT BLANK

CRADA PROTECTED DOCUMENT
v



TECHNIKON #1409-611 - FH

30 SEPTEMBER 2003
Table of Contents
EXECULIVE SUMIMBIY ...ttt ettt ettt et e st e et e et e e ese e sateeebeeenaeeseeenteenbeeanneenseesnreens 1
0O 1 011 oo [F o o o 1 3
11 BaCKGrOUNG ... e et 3
12 TeChNiKON ODJECLIVES .....c.veceeiece et e 3
13 REPOIt OrganiZatiON.........cceeiueiieieeiieeee ettt aeeee e e e 3
14 Specific Test Plan and ObJECHIVES........cccoviiiiirireseesieeee e 4
Y2200 I 1= 8 \Y = o (o oo |V 5
21 Description of Process and Testing EQUIPMEN .........cccooceeiieiiieenie e 5
2.2 Description Of TESHNG Program...........ccoceeeerererenesiesiesieseeee e 5
3.0 TESERESUILS....ceieeee et st bbbttt b b nae b nne s 9
4.0  DIiSCUSSION OF RESUILS.......coiuiiiiiieiie e ettt sae s 15
List of Figures

Figure3-1  Selected Mold Sand Properties.........oovveieeiieciiee st see et 10
FIQUrE3-2  MOIA TAYOUL ..ot 10
Figure 3-3 Indenter Mold Strength at Measured Position vs. Mold Cycle X 2..........ccccue.eee. 12
Figure 3-4 BESE SUIMACE ...t 13
FIQUre3-5  Median SUMBCE .......cciiieeeieeeeeee e 13
FIQUrE3-6  WOISE SUIMACE......eiitiieiiieieieieee ettt 13
Figure4-1  Meta Penetration aka Burned-In Sand on Flat Surface of Gray Cast Iron........... 16
Figure4-2  Fusion Penetration on Surface of Gray Cast [ron Near Hot Spot ..........cccceeveneee. 16

Figure4-3  Weak Sand Grains Torn Out of the Mold at Mold Stripping (Positive Relief) and
Loose Sand aka Dirt (Negative REES) .......cccccevveieiececececee e 16
Figure 4-4 Broken Mold Created at Mold SErPPRING ....ccoeeiieiiieiieciee e 17
Figure4-5  Slag ENraINMENT........cooeiiiiiieieeese sttt 17

CRADA PROTECTED DOCUMENT
\Y




TECHNIKON #1409-611 - FH

30 SEPTEMBER 2003
List of Tables
Table1-1 TESE Plan SUMIMAIY .....ccueiiieiiieieste et 4
Table2-1 Process ParameterS MEaSUIE ............coereeeeieriesiese sttt 7
Table3-1 Average Greensand and Metal Properties During Pouring...........c.cceceeveeceeneeneene 9
Table 3-2 Cope and Drag Mold Strength by Mold and Position in Mold.............c.cceceeeeee. 11
Table 3-3 Rank—Order of Four (4) Cavities of Star Castings from Eleven Molds............... 12
Table 3-4 Cavities Ranked during Each RUN............cccviiiiiii e 14
Table3-5 Frequency of Cavity Ranking during EaCh RUN............ccooiiiiiiiiee 14
Appendices

Appendix A Approved Test Plan and Sample Plan for Test FH .......oovvee e, 19
Appendix B Mold Sand Property DetailS.........ccoviieiiieiie e 31
Appendix C Mold Srength SUNVEYS ..o 35
Appendix D FH Casting Cope and Drag Photographs ...........coceereririnieienese e 43
Appendix E  FJHand-Rammed and DE Impact Molded Casting ..........cccoveveeveeieciecieeseeenenn, 95
APPENTIX F GIOSSAIY ...ttt ettt st sr e bt esne b e nns 109

CRADA PROTECTED DOCUMENT
\




TECHNIKON #1409-611 - FH
30 SEPTEMBER 2003

Executive Summary

This report contains the casting results from greensand molds made by use of a pneumatic semi-
automatic Osborne WhisperRam Model 716 molding machine. By contrast, prior experiments at
Technikon used molds made by hand ramming wherein a pneumatic rammer was directed over
the mold sand suface at the will of an operator.

Molding, or the densification of granular molding media about a fixed- geometry pattern, is sub-
ject to many variables in the mold sand, the pattern geometry, and the operator’s skill. The gross-
est measure of manufacturing consistency is the variation of the mold weight.

The surface texture, in the absence of defects, is a direct consequence of the void size between
sand grains. The metal’s surface tension must bridge these voids to make a smooth cast surface.
The metal is naturally extruded into the sand voids hydraulically by the liquid metal pressure
head (metal penetration aka burned in sand). Small improvements in compaction efficiency have
a significant impact upon the resulting average void size between sand particles In the absence
of chemical reactions that cause chemical bonding (fusion aka burned-on sand) and wetting of
the mold media surface by the metal, the smaller sand voids result in a smoother casting. The
compacted bulk sand density is a broad measure of the sand void size for a given type of sand
mixture. Higher sand density is a demonstration of smaller voids between the sand grains.

The table below compares these two parameters for hand rammed six-on dars and nachine-
rammed four on stars made with the same type of sand controlled to the same parameters.

: Mold weight Sand bulk
sl sl Mold weight | 2-sigma variance density
LxWxD s
Inches Pounds % of_mold 5
weight L b/ft
6-on hand rammed 36x24x28 1307 41 93.8
4-on machine rammed 24x24x 20 640 1.6 96.1

The increase in density and better consistency are demonstrated benefits of the ability of a me-
chineto apply higher compaction pressures more uniformly.

Metal penetration was chosen as the criterion for visua comparison of molding- method-related
surface finish with the star pattern. All other defects were ignored. Five persons made relative
visual judgments of the surface quality by mold sequence and mold cavity on each pattern to
rank-order the castings. Various tables in the report show this ranking. Pictures of al of the
ranked castings and some hand molded castings are presented in the Appendices D and E.

Osborn made castings had a superior surface finish as compared b previous hand-rammed
molds.
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Metal penetration aka burned in sand
on flat surface of gray cast iron

Fusion penetration on surface of gray
castiron near hot spot
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1.0 Introduction

1.1  Background

Technikon LLC is a privately held contract research organization located in McClellan, Califor-
nia, a suburb of Sacramento. Technikon offers emissions research services to industrial and gov-
ernment clients specializing in the metal casting and mobile emissions areas. Technikon operates
the Casting Emission Reduction Program (CERP). CERP is a cooperative initiative between the
Department of Defense (US Army) and the United States Council for Automotive Research
(USCAR). Its purpose is to evaluate alternative casting materials and processes that are designed
to reduce air emissions and/or produce more efficient casting processes. Other technical partners
directly supporting the project include: the American Foundry Society (AFS); the Casting Indus-
try Suppliers Association (CISA); the US Environmental Protection Agency (US EPA); and the
California Air Resources Board (CARB).

1.2  Technikon Objectives

The primary objective of Technikon is to evaluate materials, equipment, and processes used in
the production of metal castings. Technikon's facility was designed to evaluate aternate materi-
als and production processes designed to achieve significant air emission reductions, especially
for the 1990 Clean Air Act Amendment. The facility has two principa testing arenas. a
Pre-Production Foundry designed to measure airborne emissions from individualy poured
molds, and a Production Foundry designed to measure air emissions in a continuous full scale
production process. Each of these testing arenas has been specially designed to facilitate the col-
lection and evaluation of airborne emissions and associated process data.

The Production Foundry provides simultaneous detailed individual emission measurements using
methods based on US EPA protocols for the melting, pouring, sand preparation, mold making,
and core making processes. The core making area of the Production foundry contains three core
blowers, a Georg Fischer for the preparation of automotive block cores, a Redford that is used
for the production of step cores, and a second smaller Redford to produce dogbone tensile test
specimens.

1.3  Report Organization

This report has been designed to document the methodology and results of a specific test plan
that was used to evaluate the greensand mold hardness and casting surface finish Section 2 of
this report includes a summary of the methodologies used for data collection and analysis and
data management. Specific data collected during this test are summarized in Section 3 of thisre-
port. Appendix B of this report includes the details of sand mixing, mold hardness surveys, &
melting logs.
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1.4  Specific Test Plan and Objectives

The Test Plan to make the molds and castings is included in Appendix A. The objective of this
testing was to demonstrate the casting surface finish that can be achieved with mechanically as-
sisted molding operating under the process parameter conditions previous use by Technikon to
produce castings from hand rammed molds.

Table 1-1 provides a summary of the test plan for the greensand mold making. The details of the
approved test plans are included in Appendix A.

Table 1-1  Test Plan Summary

Test Plan
Type of Process tested Quality Improvement: Mechanical_ly Assisted Coreless
Greensand Molding
Test Plan Number FH
Core Binder System None
Metal Poured Iron
Casting Type 4-on Star
Number of molds poured 11
Test Dates 6/30/03>7/08/03
Emissions Measured None
Total Casting, Mold, and Binder Weights, Metallurgical
HOCSS Parameters data, % LOI,gSand Temperature, Molg hardness sur%eys,
easured :
Casting photos
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20 Test Methodology

2.1  Description of Process and Testing Equipment
Figure 2-1 isadiagram of the greensand mold making process and testing equi pment.

Figure 2-1 Mold Making and Testing Process

: Liquid gray
Mix Green castiron
sand
l 4 sets of

Make 50
4-on star Star

mold on > —— i

4-on star mold ngs

pattern
Hardness Rank castings
surveys and

Photograph

2.2  Description of Testing Program

The specific steps used in this sampling program are summarized below:

1. Test Plan Review and Approval: The proposed test plan was reviewed by the Tech
nikon staff and the CERP Steering Committee, and approved.
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2. Sand Preparation: Green molding
sand is prepared to a standard com-
position in a vertical wheeled mul-
ler. Virgin materias are used with
out preconditioning to assess how
many cycles are required before the
mold hardness and casting surface
finish stabilize. Wexford 450 Lake-
sand is combined with 7% western
(sodium rich) and southern (Cal-
cium rich) bentonite clays in a 5:2
ratio. Seacoal (Bituminous aka soft
codl) is added to yield a 5 % Loss
on Ignition (LOI) value when
burned for two hours at 1800°F.

3. Pattern: A four-on star pattern was
built to be used in this test. The
stars have 5.3 millimeter thick fins
cope and drag measured along the
free edge.

4. Mold Preparation: Greensand
cope and drag mold haves were
produced on a single Osborne
model 716 WhisperRam semi-
automatic molding machine in a
24x24x10 inch mold flask utilizing
a4-on star pattern
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5. Process Parameter Measurements. Table 21 lists the process parameters that are
monitored during each test. The analytical equipment and methods used are also listed.

Mold Strength Survey

Cavity 1 ’—\ /—‘ Cavity 4
(==

Cavity 3 '~ \~‘ Cavity 2

Table 2-1 Process Parameters Measured

Parameter Analytical Equipment and M ethods
Binder Weight (mixing) Mettler PIB000 Digital Scale (Gravimetric)
Sand Weight (mixing) OHAUS 110# digital platform scale
Sand Temperature (mixing) Stem type dial thermometer
Cycle Time Digita elapsed time clocks
Mold Weight Cardina 748 Digital Platform Scale
Cooling curve Thermocouple and multi-channel recorder
Mold hardness Deitert 454B mold strengthtester
Casting Weight OHAUS 110# digital platform scale
Metal Alloy Weight OHAUS 110# digital platform scale
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6. Metal Melting: Iron is melted in a 1000 Ib.
Ajax induction furnace. The amount of
metal melted is determined from the poured
weight of the casting and the number of
molds to be poured. The metal composition
is prescribed by a metal composition work-
sheet. The weight of metal poured into each
mold is recorded on the process data sum
mary sheet.

7. Casting Process: Mold is poured with gray
cast iron at 2680°F.

8. Cadting Cleaning: The castings were shot
blast to a standard 8 minute cycle. Castings
were separated by mold and pattern numbers.

9. Report Preparation and Review. The Preliminary Draft Report is reviewed by the
Manager, Process Engineering, and the Emissions Team to ensure its completeness, con
sistency with the test plan, and adherence to the prescribed QA/QC procedures. Appro-
priate observations, conclusions and recommendations are added to the report to produce
a Draft Report. The Draft Report is reviewed by the Vice President-Measurement Tech
nologies, the Vice President-Operations. Comments are incorporated into a Final Report
prior to final signature approval and distribution.
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3.0 Test Results

Eleven (11) molds were poured utilizing mold sand recycled fom the previous mald, the first
being in the virgin state. The initia content was 8.6% clay as determined by AFS standard
method 2210-00-S Methylene Blue determination of foundry clays and 5.6 % Loss on Ignition
(LOI) as determined by AFS method 5100S, (Loss on Ignition in greensand). A fixed addition
rate of new clays and Bituminous coal was planned to be made to maintain the clay and LOI val-
ues, however the burnout rate was sufficiently low that no further additions were required until
it was judged that the surface finish was no longer improving.

The molds were poured with class 30 gray cast iron at 2680 +/- 10°F and allowed to cool for 45
minutes then shaken out.

Table 3-1 demonstrates the average greensand properties, cast weights, and metal properties dur-
ing pouring that were maintained during the recycling test.

Table 3-1  Average Greensand and Metal Properties during Pouring

Greensand PCS Average St Dev RSD

GSMold Sand Weight, (Ibs.) 640.0 101 0.016
Cast Weight- all metal inside mold (Ibs.) 95.7 3.9 0.041
Pouring Time (sec.) 24 51 0.210
Pouring Temp (°F) 2683 5.4 0.002
Carbon Equivalent, %C 4,01 0.1 0.020
Carbon Content, % 3.28 0.1 0.018
Silicon Content., % 2.20 0.1 0.049
Average Green Compression (psi) 17.55 14 0.081
GS Compactability (%) 413 6.7 0.157
GS Moisture Content (%) 2.17 0.2 0.096
GS Clay Content (%) 7.64 0.9 0.123
1800°F LOI - Mold Sand (%) 5.02 0.4 0.080
900°F Volatiles (%) 1.00 0.3 0.258
Pour hood average process air temp, F 81 4.3 0.052
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Figure 3-1 Selected Mold Sand Properties

Mold Strength abd Greensand properties
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Mold Number

Each mold yielded four (4) castings identified by casting cavity number according to Fig 3-2.
The position on the mold machine is as if the reader is standing below Fig. 3-1 and looking p-
ward. The numbers indicate the location of the mold strength measurements

Figure 3-2 Mold layout

Cavity 1 ’7\
/'\i

(o)

Qﬂ—‘ Cavity 4

Cavity 3 i <<
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Table 3-2  Cope and Drag Mold Strength (psi) by Mold and Position in Mold
Mold C/D Pos 1 Pos 2 Pos 3 Pos 4 Pos 5 Pos 6 Pos7 Pos 8 Pos 9 Pos10
FHOO1 |Cope 3 3 18 10 13 13 10 14 5 3
Drag 4 4 17 10 12 14 10 16 3 3
FHO002 |Cope 7 7 22 17 19 19 14 23 7 7
Drag 6 7 21 16 20 17 13 22 9 7
FHO03 |Cope 6 6 19 12 15 15 14 21 6 6
Drag 7 6 22 15 17 18 14 21 6 3
FHO04 |Cope 7 7 20 13 16 16 13 20 6 6
Drag 7 7 22 13 18 17 14 21 7 7
FHO05 |Cope 7 7 23 17 18 18 17 22 8 8
Drag 6 6 18 13 12 18 6 5
FHO06 |Cope 7 7 21 15 16 16 15 20 7 7
Drag 7 6 22 15 15 15 14 20 7 7
FHO007 |Cope 6 6 19 12 13 13 13 19 6 6
Drag 6 6 19 13 14 14 13 19 6 6
FHO08 |Cope 6 7 20 14 16 16 14 20 7 7
Drag 7 7 20 14 16 16 14 20 7 7
FHO09 |Cope 6 7 20 12 14 15 14 20 7 6
Drag 6 6 19 13 14 14 13 19 6 6
FH010 |Cope 6 7 20 13 14 14 13 20 6 6
Drag 6 6 19 13 15 15 13 19 6 6
FHO11 |Cope 6 7 21 12 16 15 14 19 7 7
Drag 6 7 20 11 12 14 13 20 6 6
Average 6.14 6.32 20.09 13.32 15.38 15.43 13.36 19.68 6.41 6.00
St.Dev. 0.99 1.04 1.54 1.94 2.18 1.66 1.47 1.94 1.14 1.38
RSD 0.16 0.16 0.08 0.15 0.14 0.11 0.11 0.10 0.18 0.23
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Figure 3-3 Indenter Mold Strength at Measured Position vs. Mold Cycle X 2
Data from Table 3-2

Mold Strength at Measured Position vs. Cycle Number
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Table 3-3 is the casting surface finish ranking. The Rank-Order procedure requires that each cav-
ity initially be laid out in order of production. (See Appendix D) Five (5) experienced foundry
personnel then rate the surface finish of each casting relative to its nearest neighborswithin each
cavity according to a fixed set of criteria. The criteria in this test required that we ignore all sur-
face defects except metal penetration and fusion (see Glossary). These two defects, of those pre-
sent, best relate to molding parameters. The rated casting is moved either up or down the quality
line as the relative rating dictates. After several iterations each cavity lineup will be ranked ac-
cording to relative surface quality. The best casting at each quality level isinitalics.

Table 3-3  Rank—-Order of Four (4) Cavities of Star Castings from Eleven Molds

FH CASTING RANK-ORDER

CAVITY # | WORST MED BEST

1 FHO03 | FHOO1 | FHOO4 | FHOO5 | FHOO7 | FHO09 | FHO10 | FHO11 | FHOO06 | FHO02 | FHO08

2 FHOO3 | FHOO1 | FHOO5 | FHO04 | FHO08 | FHOO7 | FHO09 | FHO10 | FHO11 | FHOO02 | FHO06

3 FH003 | FHOO1 | FHOO4 | FHOO05 | FHO02 | FHO10 | FHOO06 | FHOO7 | FHO08 | FHO09 | FHO11

4 FHO002 | FHOO1 | FH004 | FHOO7 | FHO03 | FHO09 | FHO06 | FHO08 | FHO10 | FHO11 | FHOO5
RANK 11 10 9 8 7 6 5 4 3 2 1

Photos Photos Photos
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Figure 3-4, 3-5, and 3-6 are photos of Best, Median, and Worst cope surface castings as ranked
in Table 3-3.

Figure 3-4 Best Figure 3-5 Median Figure 3-6 Worst
Surface Surface Surface

FHOO03 Cavity 1 Cope FHOO09 Cavity 1 Cope FHOO08 Cavity 1 Cope

FHOO3 Cavity 2 Cope FHO06 Cavity 2 Cope

FHO03 Cavity 3 Cope

FHO11 Cavity 3 Cope
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Figure 3-4 Best Figure 3-5 Median Figure 3-6 Worst
Surface Surface Surface

FHO02 Cavity 4 Cope FHOO09 Cavity 4 Cope

Table 3-4  Cavities Ranked during Each Run

FH RANKED ORDER BY CAVITY FOR EACH RUN

FHOO05 Cavity 4 Cope

Run FHOO1 | FHO002 | FHOO3 | FHO04 [ FHO05 | FHO006 | FHOO7 | FHOO8 | FHOO09 | FHO10 | FHO11
Cavity Rank 1 | 3-10 1-2 4-7 2-8 41 1-2 3-4 1-1 3-2 4-3 31
Cavity Rank 2 | 1-10 2-2 1-11 19 3-8 2-2 2-6 3-3 2-5 2-5 4-2
Cavity Rank 3 | 2-10 3-7 21 39 1-8 3-7 1-7 4-4 4-6 36 2-3
Cavity Rank 4 | 4-10 4-11 311 4-9 2-9 4-11 4-8 2-7 1-6 1-5 1-4

Body vaues are cavity number & rank order

Table 3-5  Frequency of Cavity Ranking during Each Run

FREQUENCY OF RANKING BY CAVITY

Cavity 1 | Cavity 2 | Cavity 3 | Cavity 4
Rank 1 3 1 4 3
Rank 2 3 5 2 1
Rank 3 2 3 4 2
Rank 4 3 2 1 5
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40 Discussion of Results

This report contains the results of making greensand molds by use of a pneumatic semi—
automatic Osborne WhisperRam Model 716 molding machine. By contrast prior experiments
used molds made by hand ramming wherein a pneumatic rammer was directed over the mold
sand suface at the will of an operator.

Molding, or the dengfication of granular molding media about a fixed- geometry pattern, is sub-
ject to many variables in the mold sand, the pattern geometry, and the operator’s skill or inclina-
tion.

The grossest measure of manufacturing consistency is the variation of the mold weight. Addi-
tionally bulk sand density is a broad measure of the sand void size for a given type of sand mix-
ture. Historically, the hand rammed six (6)-on star pattern exhibited a (2 sigma) weight variance
of 54 pounds about a 1307 pound average weight after an initial three (3)-cycle conditioning.
(See Appendix B test EM). The observed weight variance therefore was 4.1 % and the mean bulk
density, corrected for the casting cavity void, was 93.8 pounds/ ft3. With the exception of the first
virgin sand mold, the mechanically assisted four (4) on star molds exhibited a (2 sigma) weight
variance of 10.2 pounds, about a 640 pound average mold weight, or 1.6%. The casting-cavity-
void-corrected mean bulk density was 96.1 pounds/ ft> with the same type of sand (See Appendix
B, Test FH). The increase in density and better consistency are demonstrated benefits of the uni-
formly applied higher compaction pressures.

The average casting surface roughness reflects, anong other things, the size of the sand grain
voids in the compacted mold sand. The metal’ s surface tension must bridge these voids. In the
absence of chemical reactions, the metal is naturally extruded into the sand voids hydraulically
by the liquid metal pressure head (metal penetration akaburned in sand). Small improvementsin
compaction efficiency have a significant impact upon the resulting average sand grain void size.
Again, in the absence of chemical reactions that cause chemical bonding (fusion aka burned-on
sand) and wetting of the mold media surface by the metal, the smaller the sand voids the
smoother the casting. The higher sand density is demonstration of smaller voids between the
sand grains.

In the real world chemical reactions are not totally inhibited and explosions from vapor forma
tion can send acoustic pressure waves through the metal adding to the total pressure. Metal pere-
tration was therefore chosen as the criterion for comparison of surface finish with the star pat-
tern. Figures 4.1 and 4.2 illustrate metal penetration on gray iron surfaces
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Figure 4-1 Metal Penetration aka Figure 4-2 Fusion Penetration on
Burned-In Sand on Flat Surface of Gray Cast
Surface of Gray Cast Iron Near Hot Spot

Iron

Other surface defects arising from, weak sand, broken molds and slag entrainment were ignored.
The defects are illustrated in Figures, 4.3, 4.4, and 4.5 without comment. The causes of these de-
fects are severa. They are not independent but they are somewhat less dependent on mold com+

paction than is metal penetration.

Figure 4-3 Weak Sand Grains Torn Out of the Mold at Mold Stripping
(Positive Relief) and Loose Sand aka Dirt (Negative Relief)
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Figure 4-4 Broken Mold Created at Figure 4-5 Slag Entrainment
Mold Stripping

During the casting cycle organic components are volatilized, decomposed, recombined, and con
densed bringing about a redistribution of materials and a fundamental change in the mold sand’s
physical character. The maturation process can be seen in Figure 3-3 (page 14) where the in-
denter mold strength for 10 positions in the cope and drag molds is plotted against the cycle
count. The actual count is only half of that shown because both cope and drag halves, of the
same mold, are documented. Noteworthy is the reduction in variation for each location after 6
cycles.

Table 34 (page 16) shows the rank-order analysis and demonstrates the general trend for the
first castings poured to be of inferior surface finish and the surface finish improving with the
sand conditioning and stabilization associated with continued recycling of the sand.

Table 3-5 (page 16) illustrates the random occurrence that any one cavity is better or worse than
any other cavity during a given run. There is some aberration in cavities 2 and 4, but the sample
sizeistoo small to resolveit. In view of the lack of a preferred cavity for quality during each run
it, the high occurrence frequency that cavity 3 stands out as the best cavity at 8 out of 11 quality
levels is unexpected.

A comparison of representative photographs of star castings made by the Osborn machine and
those made by hand-ramming (see Appendix E) illustrates the superior visua finish dbtained by
the Osborn machine. This visual superiority is confirmed by the tactile sense of the castings. The
machine molded castings feel smoother.
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APPENDIX A

APPROVED TEST PLAN AND SAMPLE PLAN FOR

TEST FH
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TECHNIKON TEST PLAN

CONTRACT NUMBER: 1409 TASK NUMBER: 6.1.1  Series. FH
WORK ORDER NUMBER: 1182
SAMPLE EVENTS: Estimated 20
SITE: _ X PRE-PRODUCTION ___ FOUNDRY
TEST TYPE: Quality improvement: greensand mechanically assisted molding
METAL TYPE: Class 30 gray iron
MOLD TYPE: 4-on coreless star greensand with seacoal
NUMBER OF MOLDS: 20+.
CORE TYPE: None
TEST DATE: START: 26 May 2003
FINISHED: 10 June 2003

vV V V vV V V V V V V

TEST OBJECTIVES:

Determine the relative casting surface quality and consistency that can be achieved using nme-
chanically assisted versus hand rammed molding.

VARIABLES:

The pattern will be the 4-on star. The mold will be made with Wexford W450 sand, 7 % western
and southern bentonite in a 5:2 ratio, seacoa to yield a 5 +/-0.5% LOI, tempered to 40-45%
compactability, mechanically compacted. A rank order comparison will be made to previously
made hand molded star castings. The molds will be maintained at 80-90°F prior to pouring. The
sand heap will be maintained at 1550-1600 pounds. Molds will be poured with iron at 2680 +/-
10°F. Mold cooling will be 45minutes follow by 15 minutes of shakeout, or until no more mate-
rial remains to be shaken ouit.

BRIEF OVERVIEW:

Hand rammed molds are inherently inconsistent. At different locations in the mold conditions
will exist that are inconsistent with good casting requirements while in other locations valid corn-
ditions will lead to good casting quality. Mechanically assisted molding, because it is consistent
and can have greater mechanical force that can be provided manually, provides the opportunity
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to determine a good casting environment and then cause it to exist throughout most of the mold
leading to a higher percentage of high quality molds.

SPECIAL CONDITIONS:
The process will include rigorous maintenance of the size of sand heap and maintenance of the

material and testing environmental temperatures to reduce seasonal and daily temperature de-
pendent influence on the emissions

Process Engineering Manager Date
(Technikon)
V.P. Measurement Technology Date
(Technikon)
V.P. Operations Date
(Technikon)
Test Design Committee Representative Date
Emission Committee Representative Date
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Series FH

Quality Improvement Mechanized
Greensand Molding

Process | nstructions

A. Experiment: A study to determine how many cycles of a virgin molding material compacted
with mechanical molding equipment are necessary to achieve a constant commercial quality
coreless casting. The molds shall be started with all virgin Wexford W450 sand, bonded with
7% Western & Southern Bentonite in the ratio of 5:2 and H& G bituminous coal measuring
5.0 % LOI. The molds shal be tempered with potable water to 40-45% compactability,
poured at constant weight, temperature, surface area, & shape factor. This test will recycle
the same mold material, replacing burned clay and coal with new materials after each casting
cycle. The test will be considered complete when the casting surface appearance of six (6)
consecutively cast castings are indistinguishable by the rank-order procedure.

1. No emission testing is associated with this test.
B. Materias:
1. Mold sand: Virgin mix of Wexford W450 lake sand, western and southern bentonites in
ratio of 5:2, H& G seacoal, and potable water per recipe.
2. Core: None

3. Metd: Class 30-35 gray cast iron poured at 2680°F.

Caution: Observe al safety precautions attendant to these operations as delineated in the Pre-
production operating and safety instruction manual.

4. Thefollowing test shall be conducted:

a. Sand batch: Single sand batch to be used for all FH molds.
b. The sand heap shall be maintained at 775-800 pounds
c
d

FHOO1: Virgin mix as described above, vented mold.
FHO02-FHOX X: Re-mulled, reconstituted greensand, potable water, vented mold.

C. Sand preparation

1. Start up batch: make 1, FHOOL.
a. Thoroughly clean the pre-production muller.
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Weigh and add 700 +/- 10 pounds of new Wexford W450 Lakesand, per the rec-
ipe, to the running pre-production muller.

Add 5 pounds of potable to the muller to suppress dust distribuing it across the
sand. Allow to mix for 1 minute.

Add the clays slowly to the muller to allow them to be distributed throughout the
sand mass in proportion to the sand weight per the recipe for this test.

Dry mull for about 3 minutes to allow distribution and some grinding of the clays
to occur.

Temper the sand-clay mixture slowly, with potable water, to allow for distribu-
tion.

After about 2 gallons of water have been added allow 30 seconds of mixing then
start taking compactability test samples.

Based on each test add water incrementally to adjust the temper. Allow 1 minute
of mixing. Retest. Repeat until the compactability is in the range 40-45%.
Discharge the sand into the mold station elevator.

Grab sufficient sample after the final compactability test to fill a quart zip-lock
bag. Label bag with the test series and sequence number, date, and time of day
and deliver it immediately to the sand lab for analysis

Record the total sand mixed in the batch, the total of each type of clay added to
the batch, the amount of water added, the total mix time, the final compactability
and sand temperature at charge and discharge.

The sand will be immediately characterized for Methylene Blue Clay, Moisture
content, Compactability, Green Compression strength, 1800°F loss on ignition
(LOI), and 900°F volatiles. Each volatile and LOI test requires a separate 50 gram
sample from the collected sand.

Empty the residual greensand from the mold hopper into a clean empty dump
hopper whose tare weight is known.

Re-mulling: FHO02-FHOX X

a.

oo

Add al the sand from the previous mold to the sand retained from the mold hop-
per and weigh the sand. Record the sand weight.

Add sufficient new Wexford W450 sand and proportional new clay and coal to
the hopper to get back to the original sand mass.

Return the sand to the muller and dry blend for about one minute.

Add clays and coal to replace the burned out components per the sand lab results.
Add 5 pounds of water to the muller to suppress dust distributing it across the
sand. Allow to mix for 1 minute.

Add the clays and coals per the re-bond recipe slowly to the muller to allow them
to be distributed throughout the sand mass. Follow the above procedure beginning
a C.1f.

D. Molding: 4- on star pattern.

1.

Pattern preparation:
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a. Inspect and tighten all loose pattern and gating pieces.
b. Repair any damaged pattern or gating parts.

Mount the drag 4-on star pattern with gating into the mold machine bolster and bolt it
down, tightly.

a. Lightly rub parting oil from a damp oil rag on the pattern particularly in the cor-
ners and recesses.

Caution: Do not pour gross amounts of parting oil on the pattern to be blown of with air. This
practice will leave sufficient oil at the parting line to be adsorbed by the sand weakening it and
the burning oil will be detected by the emission samplers.

3.

4,
S.

No

Mount a cope follower board containing a pour cup pattern to the underside of the
squeeze head plate.

Check the alignment of the pour cup using the flask.

Making the green sand mold on the Osborn manually raising the table using the squeeze
bypass valve a the bottom rear of the machine until the sprue pierces the pour cup pat-
tern. Move the pour cup pattern as necessary.

Remove the sprue if making a mold drag half. Leave it attached if making a cope half.
Use the overhead crane to place the pre-weighed drag/cope flask on the mold machine
table, parting line surface down.

Locate a 24 x 24 x 8 inch deep wood upset on top Whisper Ram Jolt-Squeeze mold nma-
chine

WARNING: Only properly trained personnel may operate this machine. Proper personal protec-
tive equipment must be worn at al times while operating this equipment, including safety glasses
with side shields and a properly fitting hard hat. Industrial type boots are highly recommended.

WARNING: Stand clear of the mold machine table and swinging head during the following op-
eration or serious injury or death could result.

a. Open the air supply to the mold machine.

WARNING: The squeeze head may suddenly swing to the outboard side or forward. Do not
stand in the outer corners of the molding enclosure.

On the operator’ s panel turn the POWER switch to ON.

Turn the RAM-JOL T-SQUEEZE switch to ON.

Turn the DRAW UP switch to AUTO

Set the PRE-JOLT timer to 4-5 seconds.

Set the squeeze timer to 8 seconds.

Manually riddle a half to ore inch or so of sand on the pattern using a % inch
mesh riddle. Source the sand from the overhead mold sand hopper by actuating
the CHATTER GATE valve located under the operators panel.

@ rooo0oT
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h. Fill the 24 x 24 x 10 inch flask and the upset with greensand from the overhead
molding hopper.

i Manually level sand in the upset. By experience manually adjust the sand depth so
that the resulting compacted mold is fractionally above the flask only height.

WARNING; Failure to stand clear of the molding table and flasks in the following operations
could result in serious injury as this equipment is about to move up and down with great force.

J- Initiate the settling of the sand in the flask by pressing the PRE-JOLT push but-
ton. Allow this cycle to stop before proceeding.

WARNING: Stand clear of the entire mold machine during the following operations. Several of
the machine parts will be moving. Failure to stand clear could result in severe injury even death.

k. Using both hands initiate the automatic machine sequence by simultaneously
pressing and releasing the green push buttons on either side of the operators panel.
The machine will squeeze and jolt the sand in the flask and then move the squeeze
head to the side.

WARNING: Do no re-approach the machine until the squeeze head has stopped at the side of
the mechine.

l. Remove the upset and st it aside.
m. Screed the bottom of the mold flat if required.
n. Press and release the LOWER DRAW/STOP push button to separate the flask and

mold from the pattern.
0. Use the overhead crane to lift the mold half and remove it from the machine.
p. Finaly, press and release the draw down pushbutton to cause the draw frame to

return to the start position.

9. If the mold half is a drag, roll it parting line side up, set it on the floor, blow it out, and
cover it to keep it clean. If it is a cope mold drill ¥4 inch vents into the top of each cavity,
from the ouside, about 1 inch off center and about 6 inches deep. Use a template.

10. Close the cope over the drag being careful not to crush anything.

11. Clamp the flask halves together.

12. Weigh and record the weight of the closed un-poured mold, the pre-weighed flask, and
the sand weight by difference

13. Deliver the mold to the previously cleaned shakeout to be poured. Do not cover the mold
with the emission hood.

E. Shakeout.

1. After the cooling time prescribed in the test plan turn on the shakeout unit and run it for
until the greensand has passed into the hopper below.

2. Turn off the shakeout, remove the flask with casting, and recover the sand from the hop-
per and surrounding floor.
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3. Weigh and record the metal poured and the total sand weight recovered and rejoined
with the left over mold sand from the molding hopper.

F. Mdting:
1. Initia charge:

a. Charge the furnace according to the heat recipe.

b. Place part of the steel scrap on the bottom, followed by carbon aloys, and the
balance of the stedl.

C. Place a pig on top on top.

d. Bring the furnace contents to the point of beginning to melt over a period of 1
hour at reduced power.

e. Add the balance of the metallic under full power until all is melted and the tem-
perature has reached 2600 to 2700°F.

f. Slag the furnace and add the balance of the alloys.

0. Raise the temperature of the melt to 2700°F and take a DataCast 2000 sample.
The temperature of the primary liquidus (TPL) must be in the range d 2200-
2350°F.

h. Hold the furnace at 2500-2550°F until near ready to tap.

When ready to tap raise the temperature to 2700°F and slag the furnace.
Record all metallic and alloy additions to the furnace, tap temperature, and pour
temperature. Record all furnace activities with an associated time.

2. Back charging.

a.
b.

C.

Back charge the furnace according to the heat recipe,

Charge a few pieces of sted first to make a splash barrier, followed by the carbon
aloys.

Follow the above steps beginning with F.1.e.

3. Emptying the furnace.

a. Pig the extra metal only after the last emission measurement is complete to avoid
contaminating the air sample.
b. Cover the empty furnace with ceramic blanket to cool.
G. Pouring:
1. Preheat the ladle.
a. Tap 400 pounds more or less of 2700°F metal into the cold ladle.
b. Casualy pour the metal back to the furnace.
C. Cover the ladle.
d. Reheat the metal to 2780 +/- 20°F.
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Tap 450 pounds of iron into the ladle while pouring inoculating aloys onto the
metal stream near its base.

Cover the ladle to conserve heat.

Move the ladle to the pour position, and wait until the metal temperature reaches
2680 +/- 10°F.

Commence pouring keeping the sprue full.

Upon completion return the extra metal to the furnace, and cover the ladle.

H. Casting cleaning

1.

Spin blast set up.

o0 oW

e.

Load the spin blast shot storage bin with 460 steel shot.

Turn on the spin blast bag house.

Turn on the spin blast machine.

Increase the magnetic feeder so that the motor amperage just turns to 12 amps
from 11 amps.

Record the shot flow and the motor amperage for each wheel

2. Cleaning castings.

a
b.
C.

Place the four (4) castings from a single mold on one (1) casting basket.
Process each rotating basket for eight (8) minutes.
Remove and remark casting ID on each casting.

Rank order evauation.

1.

2.

> w

The supervisor stall select a group of five persons to make a collective subjective judg-
ment of the casting relative surface appearance.

Review the general appearance of the castings and select specific casting features to
compare.

Separate castings by cavity number.

For each cavity:

a
b.

C.

—

Place each casting initialy in sequential mold number order.

Beginnings with a casting from mold FHOO1 compare it to castings from mold
FHOO2.

Place the better appearing casting in the first position and the lesser appearing
casting in the second position.

Repeat this procedure with FHOOL to its nearest neighbors until all castings closer
to the beginning of the line are better appearing than FHOO01 and the next casting
farther down the line is inferior.

Repeat this comparison to next neighbors for each casting number.

When all casting numbers have been compared go to the beginning of the line and
begin again comparing each casting to its nearest neighbor. Move the castings so
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that each casting is inferior to the next one closer to the beginning of the line and
superior to the one next toward the tail of the line.
0. Repest this comparison until al concur with the ranking order.

5. Record mold number by rank-order series for each cavity.

Steven Knight
Magr. Process Engineering

CRADA PROTECTED DOCUMENT

29



TECHNIKON #1409-611 - FH
30 SEPTEMBER 2003

THIS PAGE INTENTIONALLY LEFT BLANK

CRADA PROTECTED DOCUMENT

30



TECHNIKON #1409-611 - FH

30 SEPTEMBER 2003

APPENDIX B

MoLD SAND PROPERTY DETAILS
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Green Sand PCS Test FH
Molding Date 6/30/03 | 7/01/03 | 7/01/03 | 7/01/03 | 7/02/03 | 7/02/03 | 7/02/03 | 7/03/03 | 7/03/03 | 7/03/03 | 7/08/03 S
Production Sample# | FHOOL | FHO02 | FHO003 [ FHOO4 | FHOO5 | FHOO06 | FHOO7 | FHO08 | FHO09 | FHO10 | FHoll | Ave. | S | RSD
Emissions San]ple# FH 001 FH 002 FH 003 FH 004 FH 005 FH 006 FH 007 FH 008 FH 009 FH 010 FH 011
GS Mold Sand
Weight, (Ibe) 610 650 640 640 640 640 640 630 640 640 640 | 640 | 101 | 0.016
Cast Weight
all metal inside 985 9.0 97.0 1025 25 89.0 955 905 98.0 945 9290 | 957 | 39 |o0041
mold (Ibs.)
Pouring Time (sec.) 18 28 31 26 25 29 21 30 20 20 17 24 | 51 | 0210
Pouring Temp (°F) 2677 2685 | 2685 2689 2680 | 2687 | 2685 | 2689 | 2683 2673 2676 | 2683 | 54 | 0.002
&acrb"” Equivalent, 3.94 417 407 397 403 4.09 393 401 3.90 4.06 399 | 401 | 01 | 0.020
Carbon Content, % 3.24 3.39 331 3.23 3.36 333 3.23 3.28 3.20 327 326 | 328 | 01 | 0018
Silicon Content.. % 210 235 227 220 2.02 226 213 2.20 210 236 220 | 220 | 01 | 0.049
Average Green 1794 | 1877 | 17.62 18.90 1951 | 1744 | 1818 | 17.49 | 1665 16.15 1441 | 2| 14 | 0081
Compression (psi) 5
&S) Compactability 49 % 52 49 39 43 44 33 23 29 46 43 | 67 | 0157
t(iﬁt'\("oj(’)')g“re Con- 251 1.97 238 234 2.22 218 216 1.92 225 1.81 210 | 217 | 02 | 0.096
&S) Clay Content 859 872 821 821 8,59 7.44 7,56 7.18 731 6.28 500 | 764 | 09 | 0123
1800°F LOI - Mold 5.60 5.62 553 5.20 4.9 495 478 487 463 462 4540 | 502 | 04 | 0080
Sand (%)
900°F Volatiles (%) | 134 132 1.24 1.24 1.10 0.92 0.82 0.84 0.76 0.74 064 | 100 | 03 | 0.258
Pour hood process
air temp at start of 73 79 & 85 75 & 86 81 85 85 & 81 | 43 | 0.052
pour, F
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Production Data from Hand-Rammed Greensand Test Series EM (For Comparison)
Description Conditioning Test seriesEM
EM0OO1 | EMO02 | EMO003 | EMO004 | EMO005 | EMo0s | EM007 | EMoos | EMo0o | EMo10 | EMO11 | EMo12 | AVe | Report | SiDev 2slo - 2s hi
All Ave Rpt lim lim
Date 7/03/02 | 7/08/02 | 7/09/02 | 7/00/02 | 712002 | 7/20/02 | 7i1w02 | 771602 | 716102 | 71702 | 7118102 | 7719002
Canting Metal 177 213 219 223 201 208 195 203 215 213 209 195 | 206 | 207 | 940 188 226
Weight, |bs.
x;?é rln\t/l?:)i 1383 1376 1334 | 1361 | 1279 | 1317 | 1202 | 1317 | 1268 | 1318 | 1301 | 1310 | 1321 | 1307 | 2702 1253 1361
Tota Core
Weight, 1bs 62.1 59.0 60.8 59.3 60.0 60.0 60.5 58.4 58.7 58.7 57.3 576 | 594 | 589 | 110 57 61
Compact-
anility. % 53 48 52 54 53 52 54 50 51 52 52 52 150 49 55
Serd . 82 81 110 104 104 100 100 106 100 115 100 95 100 | 103 | 563 91 114
Temperature“F
Tota Binder
Weight, Ibs: 1513 1439 1483 | 1446 | 1463 | 1463 | 1474 | 1424 | 1430 | 1432 | 1398 | 1404 | 1448 | 1437 | 003 1384 1491
Note 1,2
No. Cavities
Poired 6 8 8 8 8 8 8 8 8 8 8 8 8 8 0.00 8 8
0,
I('a?rlrbl/g) 4.85 5.16 472 | 47 | 538 | 530 | 504 | 484 | 501 | 500 | 497 | 536 | 503 | 507 | 023 460 553
LOT, %
(@ shekeou) 4.75 5.21 4.62 4.10 5.08 4.89 4.94 5.01 5.36 4.85 4.63 536 | 490 | 491 | 038 414 568
Clays, %
(at mold) 7.50 7.90 7.25 7.12 7.90 8.03 7.00 7.38 7.00 7.25 7.12 674 | 735 | 728 | 043 643 814
Note 5
Clays, %
(at shakeout) 7.50 751 6.62 5.73 6.60 7.12 6.62 6.87 6.62 7.12 6.48 608 | 674 | 658 | 045 567 7.49
Note 5
Volatiles, %
(e mold) avg. 1.42 1.16 1.18 1.06 1.24 1.28 0.98 1.12 1.14 1.04 0.92 108 | 113 | 110 | 012 086 1.33
Volatiles, %
(o Sekeout) v, 1.28 1.04 1.18 0.94 1.00 1.08 112 0.94 0.96 1.02 0.80 114 | 104 | 100 | 011 079 121
;fcu””g“me' 31 22 23 22 17 27 16 21 13 15 14 16 20 18 4.54 9 27
Pouring
Temperature, °F 2626 2641 2645 | 2628 | 2645 | 2649 | 2638 | 2636 | 2642 | 2646 | 2645 | 2636 | 2640 | 2641 | 660 2627 2654
Ambient Not Not
TamperaureF | Messured| Messred | 70 82 74 88 74 64 77 68 68 66 74 73 792 58 89
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APPENDIX C

MOLD STRENGTH SURVEYS
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FHOO1 Mold Survey

MOLD HARDMESS MAP-STAR PLATE

FHO02 Mold Survey

MOLD HARDNESS MAP- STAR PLATE

ANALYST: JI3E I_:_H._.]L Fi- INDICATE MOLD HARDMNESS (psi AMALYET: |m£ CHAWET INDICATE MOLD HARDNESS [pi
MoLD 10: ] L EE e s ST TR L 3 J molD D Eptooe  [EEERET R TR R R S
DATE: (g [2d/0 cored 3 13 (1B (101 LI3L[0 2 DATE; LY 1, gpm cope: 7 |7 lealvy i (4 IV 1231717
TIME: 200 pRAGI S 14 |11 lie (1[4 1w e {3 [3 TIME: 775 DRaG: e |7 |2 Jte 122 (45 113 12219 [7
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FHOO03 Mold Survey FHOO04 Mold Survey
MOLD HARDNESS MAP- STAR PLATE MOLD HARDMNESS MAP- STAR PLATE
ANALYST: me“_-a; C INDICATE MOLD HARDNESS ip ANALYST: K. fae el INDICATE MOLD HARDNESS (p=i)
MOLD I0:_#g a0 2 i 4 B " MOLD ID:_-"_.'_r-“ T
DATE: _/ Tl o% copel & 16 |9l lr 1is]) : - DATE: | ol ¢3 coPEd 7 [ 7 |20 fin [lle |yt |12 |30 &
TIME: 2 ' DRAG:| 7 [l |2=|ig [19 (R IIY (=) [ 13 TIME: Zyr DRAG: 7 | 7 &= 1% |8 |11 : T
ASFE s F?J'_f.'lﬂ’fl-l .5-;.,"'- £ B L5 e Fe _;_:I: o (¥R ; i:'.':n.-_'g_ )
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FHOO5 Mold Survey FHOO06 Mold Survey
MOLD HARDNESS MAP. STAR PLATE MOLD HARDMNESS MAP- STAR PLATE
ANALYST: Wivind Landafb INDICATE MOLD HARDNESS (psi) ANALYST: J0SE CH; vET INDICATE MOLD HARDMESS (psi]
MOLD 1D: Eéﬁa‘ POSITION r I BT MOLD ID: Tl T
DATE: 7/2/0% corE:l 9 [ 3 l2alig | IRl ize 8 |5 DATE: 9/ Zip% coeed 1 |7 I1ZV IS [ lellWelis|o [ [7
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FHOO7 Mold Survey

MOLD HARDMESS MAP- STAR PLATE

ANALYST: 56 CHAJE T INDICATE MOLD HARDNESS (ps
MOLD ID: TLLO08 R, e 7

DATE: /2 o3 iy 12 i3

pRaG:] & [de |G IVS QY [

TIME: 13-3%

(3119 (&
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FHOO08 Mold Survey

MOLD HARDMESS MAP- STAR PLATE

ANALYST: »_.Je s HavEZ
MOLD ID: ﬂ}ﬁ;@_ f
DATE: 9/ 3/p3

Erolh |

INDICATE MOLD HARDNESS ({psi)
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FHOO09 Mold Survey FHO010 Mold Survey

MOLD HARDMESS MAP- STAR PLATE

ANALYST; <J (56 CHAVE T

FOSITHOMN

MOLD HARDNESS MAP- STAR PLATE

ANALYST: . J05E CHAWVE Z
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FHO11 Mold Survey

MOLD HARDNESS MAP- STAR PLATE
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APPENDIX D

FH CASTING CoPE AND DRAG PHOTOGRAPHS

CRADA PROTECTED DOCUMENT

43




TECHNIKON #1409-611 - FH
30 SEPTEMBER 2003

THIS PAGE INTENTIONALLY LEFT BLANK

CRADA PROTECTED DOCUMENT

44



TECHNIKON #1409-611 - FH
30 SEPTEMBER 2003

Mold Line Up for Tests FI, FH and DE
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Mold FHOO8 Best Cope Cavity 1
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Mold FHOO8 Best Drag Cavity 1
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Glossary
Metal Penetration A rough surface casting defect resulting from the mechanical intru-
aka Burned-in Sand sion of the metal into the voids between the sand grains without

displacing the sand grains. With this defect the metal appears to en-
capsulate the sand. Visually similar to burned-on sand

Fusion A rough surface casting defect resulting from the chemical reaction

aka Burned-on Sand of the metal or its surface oxides with the mold media. With this
defect the metal appears to be bonded to the sand. Even encapsu-
lated sand will be chemically bonded to the metal. Visualy similar
to burned-in sand.
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