PROCESS TABLE H - Aluminum High Pressure Die Cast

All requirements given below are subordinate to customer specific requirements.
When performing the CQI-27 Casting Assessment the auditor shall verify foundry is conforming te customer requirements; including a customer approved Control Plan defining
the agreed upon inspection testing and frequencies.

*f minimum reguirements are not met, provide supporting records to justify actual conditions.
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What is the scope covered by this audit? The entire foundry? A specific product line? A specific part number? Other?

A O 0 R 2 78

AR RE I R AT P — R 2 I 5 e 2 Al ey e 2

Describe the scope of the audit:
R

Item

m

Category/Process Step
FHHESR

Minimum Requirementg{{E R

Observations /! Comments
about Actual Condition®}
Efr e R T

Pass / Fall /
Not Applicable

B RMTE

1.0

Casting Design and Tooling&Fit
@it # T A

Design Software i% i ¥

1. Casting plant must ba compliant o customer specific eoftwars reguiremeants.
2. Casting plamt rmuat have and maintain customer specific requiraments for math
data transfer for the tooling and for part Drawings / Modeals
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H1.2

FEA Analysis{j [ 1 #r 7

1. The design responsible party must complete an FEA (Finite Elerment Analysis)
for the casting. The ultimate tensile stremgth, yield strength, and percent elongation
used in the FEA mist be over the lower limit of enginesring reguirement for the
epecified alloy for similar applications.

2. The foundry should know the specific features of the casting where maximum
stresses expeed 50% of the Yield Strength. For purposss of this asaessment, the
expraseion “high stress” refers to any feature exceeding 5049 of the Yisld Sirength.
3. Any high stress features identified in the FEA must be evaluated when casting
simulaticns are reviewsd, and when establishing produsct audits swch as wall
thickness, microstructure, hardness, x-ray, crack inspecticns.
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Casting Simulation s i HHd

1. The casting plant muat use solidification moedeling acftware such as MagmaSoft,
AmyCasting, ProCast, EKK, FLOW-3D or similar software approved by the
custormer Product Engineering on the caating as part of the design process for thea
gating and wventing syatem prior o tooling construction and prototype par
eubmizsion. Simulation muat inclede both fill and aolidification analysia.

2. Results must ba reviewed with the Customer Product Engineering.

3. At any high stress features in the FEA, the aimulation showld aveid hot spots, air
entrapment, mulliple meatal fronts converging.
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H1.4

Singla Cavity Lk

Single cavity dies are required. If the casting plant predicts a muli-cavity die will

waork, the proposal must be approved by customer Product Engineering. Casting

gimulations must support that multi-cavity would produce acceptable quality

castings im all cavities.
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Casting Datumis it REifE

1. If the casling plant creates the raw casting drawing, that drawing must ba
approved by the customer Product Engineering.

2. [t the casling plant creates the iolarance limite betweaen the raw casting drawing
and any other drawing, those tolerance limits muat be approved by the cusiomer
Product Engimeerning.

3. Whenever possible, the X-%-Z datum auwlaces used on the machined
components should be the same X-¥-£ datum surfaces as the raw castings. This is
for dimenaional control purpoees and minimazing datum shifts between the casting
and machined surfaces {one of the causal factora refated to thin-wall conditions].
4. The X-¥-Z raw casting datum suriaces should be on one piece of the tooling.
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Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
Lre R T

Pass / Fall /
Not Applicable

BRI

Die Material B Ff

1. The die atesl muat meet industry atandard material apecification and be
epecified on the die detail drawings. Typical alloys are H11 and H13.

1a. Minimum Requirement for ingsrt materials is the NADCA Standard 207 - (Latest
Ediiticn).

1k, When Applicable the casting plant must be able to demonstrate compliance
with Customer Specific Requirements for insert and cavity applications.

2. The holding blocks must be made from afeel with contred of the material
hardness to customer apecific reguirements. Typical alloys are P20, 4140, BE20.
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BE20.

Die Heat Treatment L FL 48 ok 0e

1. Minimum reguirernent: Die stee! must be heat treated in accordance with
NADCA Standard 207- (Latest Edition).

1b. When applicable the casting plant muet be abls to show compliance for the
final hardnesa metallurgical properties and impact toughneas.
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W hen applicable, the die design may be specified in whole or in part by the
customer. For example, high wear features, such as sealing grooves, should be
built &= insers.
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Die Vanie &) 1

1. Owerflows should be located where simulations show the |ast places to fill.

2. All dies should be vented to atmosphere unless the application includes vacuum
assisted wenting.

3. All dies should have at least one chill went or other customer requirements.
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H1i.10

Die Sealing Surface Validation
B et

The casting plant must be able fo damonetrate the die eealing swlace check on tha
production press. Use of a spofting presa may be reguired by the customer. 851 T
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H1.11

Parting Line Shut Off Distance &7
55 8 I 0

1.Mirimum distance established from part edge to cavity insert with design review
and approval by the casting plant.

1b. Distamces established based on industry standards or decumented supplier
practice.
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H1.12

Internal Die Cooling Circuit
Dremignia 41 HLH # A0 g il

Diea may be water cocled, cil cooled, or both, with regulated tamperature and flow
rates. The die must be designed with sufficient internal cooling circuite. Theas

circuita must be condfirmed with simulation softecare, and approved by the customer.

PP P HE MLy o e S 3 VY S LT L L S A S 1 e 2 [ R
ie 2RI A el i RO, TR P

H1.13

Diie Inapection (Such aa End of
rum Inspection) ¥ HE$ (s i
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1. Check-shest verification to accownt for potential issues outaside of the standard
Preventalive Maintenance acope of work.

2. Verification prior to releasing the die to production.

3. Internal die water limes must be checked for mineral build up at every mokd
teardown. i bulld up is present, waterines must be cleaned to remowve deposits.
Some customers may require water flow for each water cincuit to be measured and
documented.
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H1.14

Pre- Release Checklist Elements
Tool Room 81 % Ao TH
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1. Confirmation of de-calcification of the water flow line.

2. Water and hot oil plumbing flow checks.

3. Thermocouple functicn cheack.

4_ Ejector pin function chech.

5. Core Condition.

6. Other ltema | Hydraulic Connections, &ir line Connections, Vacuum walve
Actuator Cylinders, Limit Switches).
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H1.15

Tooding Maintenamce 1. H 8k

1. The life of the dis ia tracked based on number of cycles.

2_There is an itemized liat of regular maintenance iterms completed at pre-dafined
freguencias.

3. Checkeheet to track completion of regular maintenance.

4. Abrasive aystems [such as shot blast and hand grinding) not permitied for
cleaning looling. Mon-abrasive systems [such as dry ice, high pressure water blast,
eolvent washing and ulirasonic) are reguired.
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Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
Lre R T

Pass / Fall /
Not Applicable

BRI

1. Replacem=ant inserls (new steel), where there i3 a customer specific
requirament, a PPAP approval may be required. Customer specific reguiremeanis
may require a process change request submission with poesible preduction trial
rum requi rements.

2. All fooling repair (welding, grinding, machining, insert replacement} reguires
dimensicnal verification (internal approval) prios to re-instituting the tool for
production volumsae,

Ajc1e Tool Changea LRI |3 g supplier complies with all customer requirements related to which PPAP
requirements are needed when tooling is comected.
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1. All castings produced must be identified with customer branding requiremeants,
casting plant logo {s& applicable}, casting part mumber, cavity number, and cast
date in designated locations per customer requirements.
2. In some applications, fraceahbility to both casting machine and/or measured
) L . |procese parametess apecific to tha casting may b= required. |dentification must be
Hi17 | Casting TrE":E‘EJ‘F'_H"?'m HHHEM | aocurate and readily visible on non-machined surfaces, and must not interfere with
t parting lines, appearance, funciicn, processing or assamblhy.
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1. Gage and fidure plan must be reviewed and approved by cusiomer. [May
include in-line gage equipment for 1005 check of criical dimensions as identified
on part specification and'or part drawing. .
2. The dimensional accuracy of all fixtures and gages must be per Customer
requirements. Typically, all fixtures and gages shall be built to a tolerance that is
10%: or lese of part working tolerance. Some customers may reguire all fixtures and
gages to be built to +~ 5 micron maximum accuracy (this refers 1o the acteal gage,
niot the part).
3. All aurfaces of fistures and gages which touch the part should be madsa from
hard tool ateel.
4. The tips of all clampa on fixtures and gages may require to be built with
replaceabde tips.
H1.18 Fistures and Gagea £ H#1EH |5 variable gages must pasa Gage AER per ALAG or similar standand.
6. All fixtures and gages must be cerified periodically either by in-house if capable
or by third party.
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2.0 Cast Machines i i il
1. The die cast machine size must b determined using projected areas’shot fonce
caloul atione, praferably by using Morth Amerncan Die Casting Asscciation (NADCA)
PC¥ software or other similar calculation methoda.
2. Shot Speeds and Presaures must be determined by using Flow Analysis
Sodtware.
; s 3. Verification that the machine's shot end has the capability to fill the die in the
Lt Machine Selection’i; il HLIL I required time must be verified with MADCA POP aoftware or aimilar calculations.
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1. The shot force muat be lesa than the clamping fonce.
2. Preterred metal preaaures are over 10,000 pai = 700 kg/cm2 = 700 bar = 68.5
H2.2 Shot Forcelf ) MPa.
1.4 Fai
2ok g I S E 10000 pei = TO0: 0 B #= 700 = 68.5 MPa.
1. Maching must kave real time shot monitoring capakility for shot speeds,
positiona, pressures, cycle time, slow ghot vaelocity, fast ahot welocity,
intenaification presawre, biscuil length, slow shot distance, intensification riae tima.
2. It is recommendad cast maching have real time shot monitoring capability which
iz gither tied into the exracton’ robot control or creates an alarm when key
parameters are beyond control limita.
Shaot Profite Gondrol85 46408 &0 4. It is recommended that the entire ehot curve be monitored, not just discrete
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Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
&R i A R

Pass / Fall /
Not Applicable

BLRITIE

H2.6

Fill Percertagedii s £y 2tk

The critical slow shot should be calculated wsing the percentage that minimizea
wave formation and air during injection of the metal. Caating source should be able
to show juatification for usimg the percent fill that they picked. Some cusiomers may
require the fill percentage to be greater tham 50%. fn SEE Lk & o (5 B RE A TE 1 6 o
A o b e o 1 o N ) ol O e TR T ok AR e il el LR
IR AR . A P AR Y e bR MR T 50%

H2.7

Die Tempserature Control B 5

HE )

1. Dke cavity surface temperature must be audited with 1arget values and
toleramoes.,

2. Infrared Camesas, lasers, or touch probes can be wsed.

3. Thermocouples in the molds are recommended. The temperature should be
contimuously displayed. There ghowld be an alarm to indicate when the temperature
iz out of range. Automatic tempersture adjustment is preferred.

4. Die water flow should be maintained while the dis is hot.
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Hz2.8

Plunger (Shot Tip) Lube
FEIE R R T A

Plunger lubrication ehowld have controle fo avoid excessive plunger lubrication.
Some customers may not allow plunger lube fo be dispensed inside the shot
sleeve.
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H2.9

Plunger (Shot Tips) B2 (£

Shot tips should be water or oil cooled 18 TR S L ke .

H2.10

Die Spray i F m %

1. Auto epray systems are preferred. Spray heads should be programmabbe or
dedicated to the die. For aprayere with fixed heads; each part should have its own
epray head which is installed at die set-up. Confirmation of spray pattern must be
wigually observed as part of die set-up, or other opporiumity prios to the start of
production.

2. Spray heads requiring operator adjustrnent of flexibde tubing and manual
epraying should be avoided if possible.

3. If & central die apray system ie used; it is preferred that the system presawes be
controdled, and alarmed with paned lights or other alarms if out-of-controd conditions
axist.

4_Itie preferrad that there be a physical audit for the actesl spray quantity par
oycle.
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H211

Die Lube RatioHl FL 3 A5 H

Diie spray fluids must be formulated and controlled. Control method is pre-control
charl. Measurement instrurnent is a refractometer or eguivalent. FFL I &2 310
ER] B A . BRI — B ol 4

HZ12

Air Blow-Of=* “THE HH

Excess water or lubricant must be blown off the cover die, ejector die, and any
elides before metal injection. # §7 15k o e i TRl b0 00 F] Uit L & (7, s B 25 50 4R ]
EIT W

HZ.13

ExtractionffHi

1. Each part may be cooled with water or air.

2. Extraction toole must be designed to ulilize the biscuit or gating for clamping
withoul touching the final casting product.

3. Automatic exiraction ia preferred.

4_ |tis preferred that automatic extractors be programmed to scrap castings wihen
parameters, such as mold temperature, are out of range.

1.8 --A0 2 ol S Ak e e

P i I Rl o e o B T B g PR e S0 ke R

3. I EhHE AR ik

A4 I, Y Eh LA B AR A R B P o R L R P, b 4R

HZ.14

Trimrnimg {311

1. Each casiimg must b= confirmed for proper position in the die before trimming.
The prefarrad method to confirm proper part position in the trim die is a sensor.
2. To avoid mechanical distortion of parts, siroke control and energy abaorption
metheds should be waed.
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Start-Up Proceduras 5 2015

H3.1

Die Heat or Cooling
B s sl

1. Flow metere are recommended on the exite of all mold water/oil lines.

2_Water, air, oil lines must be hooked up as designed. Eror proofed or color
coded lines are reguired.

3. If external cooling ie wlilized, spray flow ratea and location muat be planned and
measurad.
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H3.2

Hot il Verificationdl s ar

Condirm that the cil temperature ia set at the apecified temperature prior to the atart
of production. Recorded by a checklist.
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H3.3

Die Pra-Heat Temperaturets &
LA

Condirm that the die cavity temperaiure is sat correctly with the specific die 551, B
I A (R 0 s L e L

H3.4

Shot Parameter Verifications) 15
i 5 i

Condirm that the ahot end hydraulic controls are set correctly with the specific die.
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H3.5

Die Spray System Verification
W i ik

Confirm that the sprayer controls are set comectly with the specific die. #0155 53
P A O e B Ak L .

H3.6

Scrap Standard Mumber of
Piecea i b s i 400

The machine musat alarm for either operator or automated ecrapping based on
cycle count from stari-up. An accounting eyatem for scrap parta afier machine cycle
interruptions must be in place. 8L #5455 52 15 107 0l 1 1) R B M S SR T ER
8. il B G ol AR S O S
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Metal Controlff il




Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
Lre R T

Pass / Fall /
Not Applicable

BRI

H4.1

Incoming/Aaturmed Material
Storageds AT BLH EHE S

Raw /Aetumed materials must be sfored without mixking them in marked slocrage
arens by type. 5 0a ) EERC STEGECE Er 17 R

H4.2

Source of Matenali S0y

Primary meial may be reguired for some applications based on customer apecific
requirementa. - B L0 REH R R R ARG AR T P R &R

H4.3

Matal Chemiatry 5 8 {5

1. Chemisiry must be controlled at each key poind in the process (melting, holding,
and pouring).
2_ltie required to use ASTM E716 disk book molde (or approved equivalent) for
chemiatry samplea.
3. There muet be & spectrometar on aite for chemistry control. Industry Standarda,
euch as ASTM E1251, must be followed for sampling, verification, standardization
and calibration.
4 The spacirometsr muet have cerified Master calibration Standards which cover
the ramge of each chemisiry element being controlled. These Calibration Masters
ehould be on site.
5. A procedure muat be posted near the specirometer which claarly defines the
permiasible tolerance range of the Master calibration Standards.,
G. There must be control limits for afl key elemeants of the material grade.
7. The Sludge Factor muat be measured and should be controlled below 2.0,
prefarably below 1.8. Maximum limit mwst be clarified prior to the start of
production; and it will affect what are the lron (Fe} and Manganeas (Mn)
epecifications.

5SF = %Fe + 2X Yebin + 3X %Cr.
B. The recommended Irnon:Mangansse ratio target is 2:1.
1. {65 e s FE STl s (e . R BR).
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H4 .4

Chamistry it 5

For any elements with cusiomer specified mandatory limita, these limite must be

reduced by the iolerance permitted on the Master calibration Standards. 3 - {FH /.
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H4.5

Girain Fefinemant & B

The most frequent grain refinement additive is Titanum Boron.

1. Grain refinement may be required by cuatomer Product Engineering.
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H4.6

Silicon Modification® 10 1T

The mast freguent silicon modification alemeant is Strontium.
1. Silicon medification may be reguired by customer Product Enginesring.
Bw Waateite o e,
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H4.7

Degasaing kb *1

1. All metal should be rofary degassed before pouring. Degassing may be ina
tranafer ladie or in a holder at the cast machine. Tha preferred desigm of the
degasaing unit is a baffle plate or anti-vortex ayatem.

2. The use of cast machines with imtegral mefter’holders is discowraged. It is often
difficult to meet requirements for metal cleanliness and degassing. A minimum

axpectation ia a baffled chamber with a rotary degaasing unit nenning continwoualy.

3. After rofary degassing, a vacuum gas sample must be taken in order to
determine the apecific gravity. Calculate specific gravity of aample using weight in
air va. weight in water method. The specific gravity must be within 0,10 of the
theoretical maximum based on the chemistry of the alloy and a maximum of -27
inches of Mercury vacuum pressure. For many alloys, the theorstical maximum is
arcund 2.70.

4. Depending on customer-apecific requirerments, vacuum gas sample festing may
niot be required for each degassing cycle if the degasing undt monitors procesa
parameters including flow rate, RPM, and gas pressura.

1V oy DRI GE o B ek i L. MR "UPTHE RS SR BB A VERFIEHL. Witm
I *T 3 B A Tl R 85

2 B S A R R A A UL R TR e R I O .
JEG I SR BLRE 4 o o B I UL o R AR AT

3 EHRSE, SR TR R e e . RS S W
ACE T R 0. EE o SRR 1O B il B K IE T ari e R 27 )
0 P R ) o 5 e L N o B |

& B T P S R, DR U R R T 2 A S Rt BT I S e
frhife T E BRI, $EE. THRED.

H4.8

Metal Transfera: 8 ik

Molten matal from the melting furnaces may be tapped directly to go to the cast
lime, or it may be trarsferred to intermediate holders. H inlermediate kolders are
used, they must have heat.
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H4.4

Matal Transferd: 16 i i

The termnperature of metal being delivered o a cast machine holding furnace must
be checked. The termperature of metal being dedivered muest be within internally
epecified condrol limits awch that the cast machine holding furnace ataya in
specification. & (¥ 208] — FF PR AE (R o e A . o I i 1 0 ST 1
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Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
Lre R T

Pass / Fall /
Not Applicable

BRI

H4.10

Holding hetal Treatment amnd
Temperature Control 2 4 B0
st FIE 5 T

1. Metal at the cast machine must be in holdere. Holders must have heat.
2. The temperature output must be readable by the machine operator. If the metal
temperature in the holding furnace falla cutside of the specified rangs, an alarm
miust be established to indicate an out of tolerance condition.
4. Holding furnaces at the cast machines must be capable of controlling metal
temperatura at the metal extraction point to within +/- 55C, unless the customer
ngaea to a wider range.
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H4.11

Metal Quality 1= 4 X i

Charging raw materials or ecrap into the auto pouring hodders or ladles and renning
pro::lu:!i-:n out of them at the same time is prohibited. SIS EL T F1 a0
1 A ol L B0 7 2 e e AL e Rk

H4.12

.-'-\..i"\..

Alloying 5

Alloying info the auto powring holders or ladies is allowed, but muet ke minimized in
order to prevent defecta such as inclusions.
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Cast In Place Insarta Bl %46 A

H5.1

Inzert Souncell Al

1. The customer Product Engineering must approve the sourcs for cast in place
inaerts.

2. The inaert aource must imptement Full Compliance with the applicable template
Process Table before PPAP. For example, a ductile iron bearing cap in a bedplats,
the casting scurce must implement Full Compliance with the Ductile Iron Casting
Process T-EhlE before PPAP,

1. F PR TR it ;'e}f'-;L RN A T .
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H5.2

Insed Process Control
AR

1. Cast-in-place inaerts muat be pre-heated immediately prior to pouring matal into
the die.

2. The cast-ir-place inserts must be completely dry. The volatiles content on the
ingerta muat be audited, measuwed, and recorded.

3. The cast-ir-place inserts muat be propery stored (maintamed clean and dry).

1. Bl A BT T R e 0 I R L
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H5.3

Insert Audit
-||[| _.-"-._i|l H

1. There musl be & regular audit io secticn the castings to inapect the bonding of
the cast in place insed with the aluminum. Audit resulis must be documanted.

2. Depending on cusiomer design requirements, dye penstrant inapection may be
required on machined castings {o inspect for cracks (or comtact separation) arownd
the inzerts. Auwdit reaults must be documented.
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6.0

PouringCasting Operation

PR

HE.1

Pouring Ladle Control
PR EL

1. Ladles must be made of, or coated with, an inawlating material.

2. Time from metal extraction to casting shot must be minimized and controlled.

3. Automatic pouring of molten metal into the shot eleeve is required. Manual
pouring is not allowed.

4. Pouwrimg height into the shot sleeve must be minimized.

5. Ladles muat be free of residual "shudl" material (aluminum film known to contain
high concentration of oxidea) before entering the dip well. Visual inspection criteria
ehould be defired and poafed in the work arsa.

6. Best practice for Ladle design uses a dam (hole in the back) to hold back the
droes as molten aluminum enters into the ladie.

7. Metal ladles must be positioned where heat from the malt surface can keep the
ladle kot when it is "parked” at the home position.
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Hé&.2

Dosing Furnace
i #j 4

When pressure pour dosing furnaces are used, an inert gas or dry air may be wsed
to presaurize the chamber. H air ie used, the dew point must be less than 407 C,
prefarably below -80° C_ 2§ {4 FH e 8GRI BEPIEE, AT EL3E R T 1 0 ) e 52 U
o, R B A ) 40P R B -B0RC.

HE.3

Launders
aE

Launders from dosing fumaces must be deaigned and maintained such that metal
doee not buikdup in them {{TH W s 1o s i i Fnade s FEf 2 M B R

Héi.4

Oxide Control
FLikE

1. hetal guality must be teated for oxide content. As a minimum verification PoDFA
(Porous Disk Filter &malysia), or other analysis approved by customer.

2. Dip wells must be freguently skimmed to minimize the dross accumulation.

1. s FUE AT R T LR M . TR T R Po DA % L B 8L i e b oy
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H&.5

Machine Settings
L % i i

It ia recommendad that equiprment computer programes or mechanical limits for
pouring and cycle times are protected from non-authorized changee ao that only
authorized peraonnel can change the program or setfings. (8220153 3 SEHLFE kB
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Hi 6

Gontrod Limits
£ I EH it

Cast machine should hawve real time closed loop mondtoring which is either tied into
the extractorrobot control or creates an alarm when key parameters are beyomnd
control limita. Castings that are outeida the contrad limits musat be E:Egmgatad for
additional inspections. J#H] 1% B F B R L 208 HL RS A B b g ] gt —
T 5 W P T R . T ST A 2 - B e




Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
L re A RRRFi

Pass / Fall /
Not Applicable

BRI

7.0

Inspection and Tasting

i

Retained baterial or Cleanliness
Reguirsment
‘I!"I\'- H'I' h-i‘I' '-'!Ei'll_i i:||| '-.:-_': b1 =8

Equipment must be available onsite to properly administer ratained material
inapection per customer reguirements. 13 4L 24 k5 b 00 5 B B R R 1
T PR

Limengional Inspection - Part
Cne

o e —— - Ay

1. Az & minimurm, the casting plant ehall heve a programmable Coordinate
Measuring Machine (CMB] on aite. The Ch must be run inan automatic mode.
Whare poasible, the applicaticn of point cloud/laser scanning inspection technology
is prefermed. When used in combination with point cloud acanning technology, the
CMM is considered the "gage of record” for dimensional measwements because of
precigion aseociated with the pointe mepawrad.

2. The casting plant ehall maintain a CAMM hit point map/drawing showing all Sk
hit points that are agreed upon between the casting plant and the customer. (Point
Cloud Inepecticnidazer acanning can be used in place of CMM inspection if agreed
upon with custormear Product Enginesring).

1. Bl Wk T — T S PR A b A PLICMM S R . ORMES S0 (| ST
BT TEWTHERTINE T 0 e L O M A L. S5 aRmiRs
£ 1 T, OMNGE i) B et 5 R S R B R R

2 ik TR L RO MM i P 2 s B COMIM S S T P Y E
(R T A T H T OMnakS 5% fnn B S YR E A TR

H7.2
(Continuwed)

Limensional Ingpection - Part
Two

e g — 4

3. The CMM program must include checking the flatness of each individual raw

casting datum surface if the dabem ped is intended to be a flat surface. Preferably

leaa tham 0.250mm.

4_ Point cloudlaser acanning inepection must uas the part-deaign datum

conatruction 1o align the measurement data. Unless othenwize apacified by the

custorner, "best-fit” data alignment is not allowed.

5. The casting plant is reaponsible for comparing the acan with the 30 Math Modeal.

In all cases the Point Cloud1aser scan must be aligned to the math moedel using the

A-Y-Z rew casting datum surfaces. Results must be shared with customer Product

Ergimeering and the responaible APQP Cuality Engineer.

&. Point Cloudiaser acanning Imapection is recommended for prototype paris and

PPAP paris as defined by the customer specific requirements. The scanning may

be cut-sourced.
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Wall Thickness
I [

There must be regular audits o section raw castings for wall thickness verification;
including amy high stress features in the FEA If the supplier is responeible for any
miachining, there musat be regular awdits to aection machined castings for wall
thickneas verification.

o0 201 5 R W T - o (SRR PR LR, RAHE H IR DA e oo . R
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H7 4

Internal Passages
P it 18

Suppliar i3 responaible to acquire proper non-deetructive inspection toods o
evaluate for blocked passages. This may inclede boroscopes, endoscopes, probes,
fiber optica, flow metera, or X-ray.
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H7.5

Dya Penetrant Checlk and
NalH Etch Castinga
Huideig B )
LR R

1. There musl be & regular audit io dye penetrant check (color check) or fluorescent
penetrant inspection {FPI) entire casting or sections of castings specified by
customer; including amy high etreas features in the FEA.

2. There must be on-aite capability to cut and MaOH etch castings for internal
inapections. (MaDH is sodium hydrokide, also called cawstic soda. ).
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X-ray
xif 2k

1. The supplier ghall have a real time fluoroecopic-ray unit on-site.

2. ¥-ray equipment mueat ba capable of measuring the senaitivity and reaclution ao
thiat the syatem can be proven to meet customers requirerments defined by product
dasign record,

3. X-ray audita muat inclede amy high streas featurse in the FEAL

4_For eome applications, automated defect recognition may b reguired.
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Repaira
s

1. Custorner must apporove any ealvage repair proceduras. Casting repairs, auch ag
welding, epoxy. Deveon, and impregnation, are not parmitted, unlees approved by
custorner Product Enginesring.

2. lf repairs are allowed, repair method and procaedures must be approved by
Custormer Product Engineering.

3. [f straightaning is allowed. a cuatomar Product Engineering approved method is
requirad, normally with a fixtured, automated proceas. Manual methods should not
be =ad.
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bdaterial Proparties
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Item

Category/Process Step
RKHLEIR

Minimum RequirementS{LE R

Observations / Comments
about Actual Condition®}
Lre R T

Pass / Fall /
Not Applicable

BRI

HE.1

Laboratory Location
i iy W

The supplier ehall have a metallurgical |ab located on-site with capabdlifiss 1o
analyze chemistries, hardness, microstructure, area fraction porogity, dendritic arm
epacing (DAS), silicon particle size, and any other features specfied by customser
Prodwct Engimsering.
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H&.2

Material Property Testing
AT 1

Material property testing must be defined per customer design records. Mechanical
properties testing must be available, preferably on site. Mechanical properiy testing
miust include ultimate tensile strength, yvield strength, and percent elongation. Some
customers may require yield strength to be measured by an extensometer attached
to the spacimean. |f reteat or replacament is necessary must be with agreement of
the customer Product Engineesring. Testing begins with prototypes and confinues
throwgh reqgular produsction.

o0 A SR A B O R il . BB A R L.
W e L AL AR PR R . R ORAE . SEWREE ArbE. FUEE OISR
P A 1 b O 0 A 0 9 5
FE e L R L e 8RR R

H&.3

Mechanical Property
FL P

The castimg scurce muest prepare test bars from a location approved by customer
Prodwct Engimsering. For example, these might be cut from a casting or from a
separately cast bar. Mechandical properties are often required from test bars cul
from actual castings in an area designated on the engineering drawing or in tha
part guality document. The test bar location in the casting will b2 dimensicned from
casling featurea.
Sy i S S O e P R A o L R T T e W) L
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HE.4

Microstructure Analysis
CEER SRR

1. Metallurgicel examination is to be done by the aupplier prior fo any componeant
testing to inswre microstructure meets engineering drawing specifications.

2_ A metallograph image analyzer is preferred.

3. Refarence photographs musi be readily available at the metallograph for all
micrestructere requirements.

4. Microstructiure audits miest include any high stress features in the FEA.
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H&.5

Hardmess Testing
ol A ) 1,

1. Hardness testing is to be done per ASTM E10.

Supplier site muat have cerified Master blocke for auditing the calibeation of the
hardness tester.

2. The Tolerance range for the Master block musat be posted on the hardness
Testar.

3. The Tolerance range for the Master must not excesd +- 3%,

4. The customer apecified range for hardnese must be reduced by the tolerancs
gliowed an the hardnese Mastar block.

b. Unless Product Engineering apecifies octherwiae, Brinell hardness teal using a
S00Kg load. 10 mm diameter indenter, and 30 second dwell time.

6. Hardness to be measurad at & apecified location from customer Prodisc
Enginsering.

7. li hardness readinga are out of apecification, sl castings in the Lot shall be
hardness tested with any cut-of-apecification castings rejacied.
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HE. G

Corroaion Testing
ik ]

The casting plant shall dermonatrate the corresion rate of metal shall not excesd
Maximum rate as customer requirement. If applicable and required by the
customer, the corrosion test shall be salt apray (Referemce ASTHM B117) and
humidity as customer requirement. JFif T 1 20 0 55 00 0 12 se = i s b i
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Leak Teating jit i

HE.1

Leak Test Requirament
] e

1. Accepiable methods for teating are: air under water, pressure decay, mass flow.
2. For applicetions where 100% verification is required it is prefared that pressure
decay or mass flow systems be usad. Some customers may regure 100%: air
undar water.

3. Leak rate gpecification must be defined on the product engineering document.
4_ It is pretermed the internal volumes for each cavity be leak tested separately,

5. It is preferred castings be thoroughly dried before going fo air decay leak test.
Anin-line drier may be nesded.

6. Some castings may also require 1002 flow teating. If flow testing is required,
this must b= automated equiprment. Using round balls or probes is acceptable if
customer Product Engineering agraea.
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ltem | Category/Process Step Minimum Requirementg{f B3 Observations / Comments | Pass / Fall /
m Heq RGBS about Actual Condition®} | Not Applicable
iR Reitie | BdRME
It ia preferrad that the casting plant have a water dunk capability on site for
.3 Water Dunk Capability determining the location of leaks om air decay rejects. The waler temperature must
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