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'LVEXVVLRQ

7KH REVHUYDWLRQV PDGH GRXDWL W& HK B RN UAKHR BQ WHKIDWHW B U R
RI DOOR\ SURFHVVLQJ VDPSDG \EHRISDQ G GHHBNZEWDR PDONRN GO\ (
SHUIRUPDQFH ,W LV FOHDU GKDWQW KHIPPLQX WG IRHE K DRV W K|
JLYLQJ ULVH WR WUDQVJUD G X.@MUH LDIUMQND DRU I BRRWBIHS IRQ 5R
KHPPLQJ SHUIRUPDQFH LW DW FDHDXUW KRG 1D MYU B QHIHIDUHGD

%DVHG RQ WKHVH REVHUYDWQRIQWVDOQW G\ ID$IDQ FHQW L\G K\DOW
EHWZHHQ WKH WZR PDWHULDOV DQG WKLV GLIIHUHQFH DSSHD
VDPSOH IDLOV LQ DQ LQWHUDQREXOBOLBULWUDOYIHDROMNGDRR P
FOXVWHU RU SUHFLSLWDW &HAWIWRPVERIMNH @ DVXGE B R XRAHH 9% DPSA
IRU 7(0 H[DPLQDWLRQ WR FKDWDAVQHERXE GDKKN $DMALLSLN@GVH \
SUHSDUHG ZHUH H[DPLQHG X\DWN IDHOGK {390 HPDJIQF D BMH BK Q L

)L +'$$) 7(0 LPDJHV D 5RXWH $ DDWWWE[ FESBRWWH %UPDLQ |
G 5RXWH % JUDLQ ERX®RGDU\ 6FDOH EDU LV

7KH +'$$) 7(0 LPDJHV SUHVHQWHNGRD WIKIXW 5 R XMOHH PO WH U LI
QXPEHU GHQVLW\ RI VPDOO BSRMSLSHE DWRHYRIXQV M/ KH BHDWKHG[R Q
SUHFLSLWDWHV LW LV FRIQUIHS WERHEH WHKDI\Y UNDKEHDHH DDVOW KHR D S
ZKLFK KDV EHHQ HVWDEOLVK®E >D® D$W KB HRUKRPG® URMD BRHOLWY W
SUHFLSLWDWHYV RQ WKH JUD L ® DERKDLEDBOU LH V DRQ DVD KL B RRIWWM K #
LQGLFDWHG WKDW WKH\ DUH AR YQV FRRLOW 0D \$\U OW &IHE X UD B ® DEVR X ¢
PDWHULDO DUH FOHDQ ZLWK QR SHMLFLISQ R \R L RIQ D £ R HE RXQGRDY
VDPSOH SURFHVVHG WKUR XJKW/RXMEX W H® QV R/ FOHEDRIPE U8 DEML B Q
GHQVLW\ RI QRQ VKHDUDEOH SUHFLSLWDWHY DQG FOHDQ JUD
SUHFLSLWDWHY HQDEOHV D PR EH KRPRO HQR ¥A\K N QPLDSWIIUL R FAHR/ W C
GHIRUPDWLRQ SULRU WR IDEIOSUUHD W KM D® FBNR RW M/ BH ' BIWSHUBHL D O
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boundaries to greater strain localization and this combined with the grain boundary precipitation will
significantly reduce the energy required to induce failure at the grain boundaries. It should be pointed
out that whilst slip bands are also present in Route B material, but they appear less developed,
presumably because failure at the grain boundary effectively unloads the matrix and localises strain at
the boundary. It is a matter of speculation as to whether Route B material would improve if either the
matrix precipitation was more similar to Route A, or if the grain boundaries were cleaner (in other
words, which feature has the strongest effect on hemming performance?). Texture analysis would
also be useful in determining the relative ease of deformation of a given grain in relation to its nearest
neighbours.

The Fe-rich intermetallic particles did not appear to play a significant role in crack initiation and
failure. Fracture and voiding of the intermetallic particles was observed but did not appear to
participate in the crack initiation and propagation process. This suggests that a reduction in the iron
content would not be expected to improve the hemming performance.

4. Conclusions

Samples of AA6016A T4P sheet have been produced using two differing thermo-mechanical
processing routes and the hemmability of these samples was evaluated. Through a combination of
metallographic examination and SEM fractography and surface observations the failure mechanisms
associated with good and bad hemmability were identified, along with the key microstructural
features that control hemmability. A high number density of non-shearable precipitates in the matrix
is preferred to prevent strain localisation and allow the matrix to undergo greater deformation and
clean boundaries increase the energy required to initiate grain boundary failure, promoting instead a
more favourable transgranular failure mode.
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