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Dendrite Arm Spacing of Structural Aircraft Quality
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RATIONALE

ARP1947D results from an SAE Five-Year Review and update of this specification with changes to relocate Definitions
(see 2.3), correct typographical errors (see Title and 2.3.2) and strength units consistent with related material specifications
(see 1.1 and 4.1.1), and update Applicable Documents (see Section 2).

1. SCOPE

1.1 This document covers the recommended practice for determining the acceptability of the dendrite arm spacing (DAS)
of D357-T6 aluminum alloy castings required to have tensile strength not lower than 50 ksi (345 MPa).

1.2 To apply this method, at least two coupons used for DAS measurement and two tensile specimens shall be attached
in locations defined by the cognizant engineering organization.

1.3 Areas of the casting that require DAS control must be accessible for surface DAS measurements, or if internal
locations are to be tested, such locations shall be defined by the cognizant engineering organization.

1.4 Safety - Hazardous Materials

While the materials, methods, applications, and processes described or referenced in this specification may involve the use
of hazardous materials, this specification does not address the hazards that may be involved in such use. It is the sole
responsibility of the user to ensure familiarity with the safe and proper use of any hazardous materials and to take necessary
precautionary measures to ensure the health and safety of all personnel involved.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.
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2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AS7766 Terms Used in Aerospace Metals Specifications
2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM B557/B557M  Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy Products
2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

Spear, R.E. and Gardner, G.R. (1963). Dendrite cell size. Transactions of the American Foundrymen's Society, 15, 209-215.
Bossing, E.N. and Hall, J.J. (1974). Predicting properties of Al-Si-Mg casting with NDT. Foundry, 102, 82-87.

Oswalt, K.J. and Misra, M.S. (1980). Dendritic arm spacings (DAS): A nondestructive test to evaluate tensile properties of
premium quality aluminum alloy (Al-Si-Mg) casting. AFS Transactions, 80(51), 845-862.

Levy, S.A., Hughes, R.E., and Kemppinens, A.l. (1969). Quantitative metallography of as-cast aluminum microstructures.
AFS Cast Metals Research Journal, 93-96.

Flemings, M.C., Uram, S.Z., and Taylor, H.F. (1960). Solidification of aluminum casting. AFS Transactions, 68, 670-684.
Flemings, M.C. (1968). Casting metals. Science and Technology, 13-24.

2.3 Definitions

Terms used in AMS are defined in AS7766, except as defined below:

2.3.1 DENDRITE ARM SPACING (DAS)

Refers to the spacing between the secondary arms of the dendrite structure.

2.3.2 PARTICLE INTERCEPT DISTANCE (PID)

Refers to the spacing between the silicon particles that are intercepted by a straight line drawn in a random manner across
the microstructure.

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)

4.21 Calculation Method

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

(DAS,—DAS,)(UTS,—UTS3)

DAS UTS,—0TS,) - (Eq. 1)
where:
DASmax = maximum size DAS in 0.0001 inch (2.5 ym) acceptable to meet minimum tensile properties
DAS1 = size of DAS in 0.0001 inch (2.5 ym) of coupon with smallest structure
DAS: = size of DAS in 0.0001 inch (2.5 ym) of coupon with largest structure
UTS1 = tensile strength of coupon with smallest DAS (ksi)
UTS: = tensile strength of coupon with largest DAS (ksi)
UTSs = minimum tensile strength required (ksi)
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