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Damping Behavior of Pre—strained'High Mn Steels

Osamu Matsumura, Kenji Outsuki, Kohei Dosasui and Takashi Furukawa

Synopsis : Effects of prestrain on internal friction (6) at room temperature were investigated using a 28Mn-6Si-5Cr steel, in
comparison with a 16Mn-5Ni steel which had been reported as a new type of damping material. A transversal vibration
method with a frequency of 500 Hz and a strain amplitude of about 2X10~® was employed. Shape memory effect of
the same 28Mn-6Si-5Cr steel was also examined to estimate the variation of deformation mode (y— & transformation

or slip) with prestrain.

With an increase in prestrain, ¢ changes almost parallel with the change in amount of & phase in both steels. In the
28Mn-6Si-5Cr steel, moreover, nearly complete shape memory effect is observed up to 194 prestrain, while the amount
of shape recovery strain exhibits a maximum at the prestrain of 5 or 6%. Considering the well known effects of € phase
on shape memory in high Mn-Si steels, the above results show that the increase in ¢ with increasing amount of prestrain
up to 5 or 6% is attributed mainly to the & phase which has been induced by prestraining. This suggests that the
existence of € phase is a major factor controlling the internal friction in high Mn steels.

Key words : damping alloy ; shape memory alloy ; high Mn steel ; internal friction ; ¢ phase ; prestrain ; reverse transformation.
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Table 1. Chemical compositions and rolling/anneal-
ing conditions.

Steel C Mn Si Ni Cr Rolling* Annealing

S | <0.003 282 6.46 —— 5.13 |1053K(6mm—1mm)|1223K X 15min
N 0.004 159 0.006 515 — | 973K(4mm—1mm)|{1073K X 30min

* Repeated heating and rolling below the recrystallization temperature.
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Fig. 2. Optical microstructures of (a) steel S as
annealed, (b) steel N as annealed, (c) steel S
strained by 5% and (d) steel N strained by
3%.
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Fig. 3. Relation between logarithmic decrement (d)
Fig. 1. Effect of tensile strain on volume fraction of at room temperature and tensile strain (%)
€ or & phase in a 28Mn-6Si-5Cr steel (steel in steel S and N, using transversal vibration
S) and a 15Mn-5Ni steel (steel N). method with a frequency of about 500Hz.
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Fig. 4. Relation between tensile strain and recovery
strain in steel S heated at 873K (A after
straining. The broken line A indicates the
ideal shape recovery, in which the plastic
deformation should be caused only by y—&
transformation. The deviation (d) of the
recovery strain from line A can be related to
the plastic deformation caused by slip or
twin.
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Fig. 5. Effect of heating for reverse transformation
on volume fraction of € phase, showing A: in
pre-strained steel S at about 873K.
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Fig. 6. Effect of heating for reverse transformation
on l?garithmic decrement (¢) in pre-strained
steel S.

82

CREBGHEL L HIEZ 3BT RIBSSAEIS OB DR
BLEINLILPHETHILEND LD, BPREOTD
SLREALBATHAS, FES5 ~ 6 BLUTRE, wm
BE LR L Y (BEEYES) c P T 2 o0 HEE
bILT 2, AALTEL BLTFTIXST3KOLHE TR
AT CHRE L, [FERC R L IIE TR ok4E
BIRT 5, TNORAEIHOBRELEMFI T35, Thbb,
5~6%3 TCOETEMNM X 2O M, 2L THEE
FEALBEIZ & 5 NEEDRAIZ T e HOBM, WAL b
DEEINS,

5~ 6% %8 xIcEmTEMMMOSEERED FEEENILE
HTHY, cHOFS5DARFHEZ TIREUMATE v, EH
TNEHEETOHY, —DORSTIKOLHEZ L e HE £
HRE LD Ty HHEE LICSANFEII YT mL 12 TFER
LU THA L, SRETR» R IDOKES 3I15ET
BRTHE, Tam~ DHAD yHHIIBERES L { ZHEE
BREYETV DT, T<0EELIZE D yMHEGIEH) &
Bl—TlRv, L»L ytHAWERCES T 8D B Z
LRRTHITED B, b3 —2RI0BBEU LOESTENM
ikt %, ST3KAREE L & b EIMC B D ¢ oA, M8
PR LT ARSI LA T8 THE, ZONFELR
i, TEBAKTH 5 L FEDRD 218 { IERDOHS, a6 »
DM, FlA BRI L b T 5T REED EIE S IS
JTIORB ECL VBT a0 B b s »IEEILH
LEH T, B LIRRIIMOSH L FRROMDBAC S,
ZLTEETEOHACLEDONE, WTRIZLTLW
FEMRICHRO LRy HR B IZ L > TERINS Z
LERTLOTHY, EHELEHINS, _
BARCAREROWFEREMEICBEE L T oD E el
RBLTEFESIC,

1) REBROMNFEUEMBILTIER T 123 HEBLER 3T
100BRFEEE LIS THE O D TH 5, 216 DI
FRTIFrABEBZRIBICTHEDSL LV,

i) AREBRTIX2 X1075L w5 g/ s wEBIRIEE VT
VB, TOMRILLIOHE»LLIT, SHYECER
ETONFEOEEZTRIT A LEL TV 5, FlL L ERD
o, TENB* BT L LIHEEEMORNEFFEMN
M ioen®z b2, 205 TERCHERBILEC
AT A KFER, BIREZHELTL(~5 X109 EbL v
ERFED TS (15 2),
4. BE
TEZAMAMLI2EMoOFHRMEXE R F 22T 3
729, 28Mn-6Si-5Crifi% i T, RIBETOMNE - RIETTF
B I UFERBLBOPEBLYFA, BRIUTOLEY
Ths,

(1) FEXfM LI EERMOANFE L, FEMIMERCAE



LI e D HEET 52 LARERI NI, LR TE
1%L F i3 2 WEE EH oxt L T, 1213100% e FHDTE
EDEGT L, TEV 1% PBLTL5~6%RELTOD
PEE I KE D e MHOBMIERT 3 LEbNLS,

(2)FEIOB B2 THONBZBKRDMNFEMEIZIX, <48
DM FET 5%, RREC y PO T <YM b
FE5T 2 WREMERPSET S 2V,

(3) eMHPBIRL THETONFEDPEILT 2L LT,
ceHFDOERE)EMIZLB ATV RBDLDHE LG
ns,

(4)TPEHI%PBELZ L, TEMMEZ T L0, oMY
CHERES CIADIE S VFELRE LB, ZDOEBNIR
HMEESTRFOP TRV, ZFHEVREKRLZHMATH 5,

ARiFZe D 212Hh7c b, PIFERIE CBY L2 HRE -
1273 1o HT B AR (k) SXSRAR 7T E AL IS, LR B BA IR,
T OBEEM & $24E L T W 72700 1 R SE s B 22 AT KR
JAFHE, WIBEZ RCEEEL 2T,

X L7

1) ¥ #k, HEREIEWR, P, EBfE—  # L6, 77 (1991),p.306

2) K.Sugimoto, K.Matsui, T.Okamoto and K.Kishitake:
Trans, Jpn. Inst. Met., 16 (1975), p.647

3) A.Sato, E.Chishima, K. Soma and T.Mori: Acta Metall., 30
(1982), p.1177

4) A.Sato, E.Chishima, Y. Yamaji and T. Mori : Acta Metall., 32
(1984), p.539

5) H.Ohtsuka, H.Yamada, T.Maruyama, H.Tanahashi, S.
Matsuda and M. Murakami : ISIJ Int., 30 (1990), p.674

6) KH B gL, 77 (1991), p.315

7) A.Granato and K. Lucke: J. Appl. Phys., 27 (1956), p.583

8) 4wy B &TEEE, 8 (1962), p.100

9) KEE ., Jh—KER, HEEIL . BAEBHLESKLHERYRE,
(1994), p.1029

10) b SR, ¥ PR, ERIER | BARSBFEMBRBIEHME,
(1993), p.501

11) WHEZ, JLETE, KIFRIAEE, BIfgiE 2 © IS8, (1988), p.79

12) J.H.Yang and C. M. Wayman : Acta Metall. Mater., 34 (1992),
p-2011

1483 1

yHEEE S —ET5 1R LICEA, (L5 1EH /<4 4 1D
SEETH BRD) HAEF%0.58- {111} <11 2>5
MRIEENL C e WETEERET S L, BREFSEVD ¢
FHDER L DX REOTIEF MK 121X0.2V E I
599, Fig. AliX, EBRIL7S#MOD e HAFEESEREZ AT
(Fig. 1), TE(e) L y—»eEBE0.2V)F LU T2 &
5FE(e—0.2V) L OBMREHER LI DT H 5. TE 1%L
FTTR y>eBREOATEEL, FE1IBLETE, ¥
Y EHOFEEVWTIRTP I P L5,

TEAZ5 L LEMnsROKIREE 660 HE

«

“ | (e-0.2V)x100:
4 caused by slip
or twin

-

0.2vx100:
caused by v — &
transformation

Strain(%)
o
—

o 15
Tensile strain(%)

Fig. Al. Relation between over all tensile prestrain
(e) and the strain caused by y— ¢ transfor-
mation (0.2V), where V is the fraction of &
phase in steel S shown in Fig.1. Beyond
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Fig. A2. Effect of strain amplitude on the logarith-
mic decrement () at room temperature in
28Mn-6Si-5Cr-0.017C steels cold-rolled
and annealed at 1223K, using transversal
vibration method with a frequency of
about 70Hz.
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