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3. SUMMARY OF METHOD

It has been shown that a linear correlation can be established between the ultimate tensile strength (UTS) and the spacing
between the secondary dendrite arms of D357-T6 castings of high quality. The relationship, however, varies with the
heat-treatment process and chemical composition of the alloy; therefore, a preliminary evaluation using attached coupons
is necessary before actual DAS measurements on the casting are meaningful. By determining the UTS and DAS of attached
coupons, the effect of composition and heat treatment on the DAS/UTS relationship is determined. This relationship is used
to evaluate the DAS measured in critical areas of the casting.
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4. TEST PROCEDURE

4.1  Attached Coupon Testing

411 The average DAS and tensile strength of the attached coupons shall be determined. The attached coupons shall
exhibit a minimum difference of 0.0010-inch (0.025-mm) DAS and a UTS of 47 to 57 ksi (324 to 393 MPa). The
DAS of the attached coupons may be determined on the untested grip or gauge length surface of the coupon as
described in 4.4 or by examining a metallographic specimen excised from the tensile specimen in any location not
deformed by strain.

4.1.2 The UTS of the attached coupons shall be determined in accordance with ASTM B557/B557M.

4.2 Determination of Maximum DAS (DAS Maximum)

4.2.1 Calculation Meftod

4.2.1.1  The maximum acceptable DAS of the casting shall be determined using Equation-1.,

(DAS,—DAS,)(UTS,—UTS3)
(UTS;—UTS,)

DAS

(Eqg. 1)

1max

where:
DASmax = maximum size DAS in 0.0001 inch (2.5 ym) acceptable to mieet minimum tensile properties
DAS: = size of DAY in 0.0001 inch (2.5 ym) of coupon with smallest structure
DAS: = size of DAY in 0.0001 inch (2.5 ym) of coupon with largest structure
UTS: = tensile stremgth of coupon with smallest DAS (ksi)
UTS: = tensile strepgth of coupon with largest DAS(ksi)

UTSs = minimum tgnsile strength required, (Ksi)
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4.2.2 Graphic Method

The maximum DAS may be determined graphically following the example in Figure 1.

DAS UTS
(A) DETERMINED BY TEST: #2 Coupon: Large Structure = 22 X 10:3 48 ksd
#1 Coupon: Small Structure = 12 X 10 53 ksi

(B) CALCULATED DAS MAXIMUM:
MAXIMUM DAS = IDASZ - DAS” (22 - 12) (53 - 50) + 12
(m) (UTS1 = UTS3) oy DAS1 = (5§ = Eg)

= (10)
(%) (3)+ 12
(C) MAXIMUM DAS DETERMINED =18
BY_PLOL:
(1) : Small Structure Results UTS|vs. DAS
(2) : Large Structure Resudts UTS|vs. DAS
54 (3) : Intercept With Minimum
(4) : Maximum DAS Allowéd For Minimum
(1)
52
=50 (3)
=
w)
|48 (2)
46
a4 @

0 4 8 12 16 20 24 28 32 36
-4
DAS, (X0~ IN)
Eigure 1 - Maximum DAS determination

4.2.2.1 Establish a gfaph using UTS:nits as the ordinate and DAS units as the abscissa.

4.2.2.2 Plotthe UTSJand DAS.values from tests of the attached coupons and draw a line connegting the two points.

4223 The maximurln DAS is determined by projecting the intersection of the 50 ksi (345 MPR) UTS and the related
DAS value.

4.3 Casting Acceptance

4.3.1 The DAS shall be determined at each test location on the casting as defined by the cognizant engineering
organization.

4.3.2 The DAS in all test locations shall be equal to or less than the maximum acceptable DAS determined in 4.2.

4.4 Metallographic DAS Test Procedure

441 Test locations shall be mechanically polished or electro-polished. Polishing and etching shall be sufficient to
produce a clear outline of the secondary arm structure when examined at 100X magnification.

4411 Where surface DAS measurements are made, metal removal during polishing shall not exceed 0.005-inch
(0.13-mm) thickness.
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Replication

plastic replica for viewing by an optical microscope.

polishing, under-etching, or over-etching can produce a misleading microstructure.

442 Microstructure
4421
4422
4423
the replica.
4424
4425
and re-etche
after the exa
443 Photomicrograph
4431 A photomicrg
microstructurg.
44.3.2 Areas of the
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ross an area of well-defined structure such as illustrated in Figure 2. The line
pf the secondary arms.\The average distance between intercepts of silicon
the DAS of the structure. By measuring the total length of drawn line and
ge DAS value can.be determined in the following manner:

Length of Intercept Line Inch (mm)

DAS,inch(mm) =

Number of Interceptions x Magnification

d laboratories use calibrated scales or slides superimposed or adjacent to the micr

Where surface measurements are made, the microstructure shall be transferred from the etched surface to a

Each replica shall be identified for traceability to the test location of the casting being evaluated.

A photograph at 100X magnification that clearly delineates the dendritic structure shall be obtained from
The microstructure shall clearly distinguish the secondary arm spacing from the casting surface. Improper

If the microstructure is improperly polished, under-etched, or over-etched, the test location shall be repolished

i;ination has been completed.

bve the etching solution

rly defines the general

irectly on the original

following methods for evaluation is acceptable; however, the measurefnent of clearly defined

heasuring the distance

he same method.
is drawn perpendicular

particles along the line
counting the number of

(Eq. 2)

bstructure that provide a
b by the microscope
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44421 At least twq

to be the DAS of that test site.
4443 Alternate Method B: PID Measurement Method

This alternate procedule consists of drawing a-straight line of known length across the microstry

number of times the lin

then used to quantify the structure. Particle intercept distance (PID) is determined by the following:

Figure 2 - Example of measurement of DAS taken in selected areas

areas of the microstructure shall be evaluated. The average of the two ar

is intercepted by silicon particles (see Figure 3). The average distance bet

Length of Intercept Line Inch (mm)

PID, inch (mm) =

Number of Intercepts x Magnification

pas shall be considered

cture and counting the
ween silicon particles is

(Ea. 3)
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