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Simulation of Vibratory Stress Relief Based
on Rheological Plasticity Model

HU Yonghui, WU Yunxin, CHEN Lei, GUO Junkang
( College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract; Vibratory stress relief (VSR) is a localized cyclic plasticity phenomenon, and residual stress relief occurs
when the vector superposition of induced cyclic stress and residual stress exceeds the local yield stress of the material.
Simulations of Vibratory stress relief were processed by a rheological plasticity model, in which the effects of dynamic
stress amplitude, dynamic strain amplitude, vibration frequency, vibration cycle and material yield stress on VSR were
analyzed. The results show that residual stress relief during VSR depends mainly on stress amplitude or strain amplitude.
In addition, vibration frequency and material parameters are also key factors while vibration cycle or time has no great
effects on VSR. Simulations of the rheological plasticity model have a good agreement with experimental results from 7075

aluminum alloy specimens, which could be instructive and meaningful to experiments and engineering applications.

Key words : rheological plasticity; stress amplitude; strain amplitude; residual stress; peak stress

il

1 Al

FERF R G Imta e e fe b, s b
HL B L AU AR A I R 2 X R el A A |
AFRARNLTT, SR T3 24Pk e S RO AR Pl o ™
'

UTAER K (1 IR S i S BOR (TR Bk VSR N %2
PUmi At , A E 2 o) iz, SR o T B xR
SH ISR AR N X R BRI, T AR AR
I TR & BT VSR B 7E BB A A

YREBE: 2010 -06 -07

EeWB: ERESERIT K ML 973 T H (2005CB623708,
2010CB731703)

BEEE: Wk, B, 1985 44, Wit

FSI g P OB A 0 O JEEBIN | 2% B P B B A 25
e,
og,tog >0,
{ ' (1)
Kb, o, HIRS IR IR B A, o, 5 o, 5
S LR AT S T 1 s o WIS A 15
o, JOBERHI R AR B Ay, 9 30 i 44 g B
K. Bt E, o Flog BN, £ (1) B, M
T 5 ORI ST T 4 B O T A BT ) R, S
BT, AR SCR A B 4 3 2 7 2 0
R, TR M B, MRS )
W TSR B ) 4R SRR B B, L
T AR AR LB SR S i R 2 B £
B, B AHT 45  5 7075 54 4 BRE R 4 50 00
SRS, U P R R TR SRR e e

og,=0,t0,



555 3]

WK 2255« BT YIRSl IR Ak 07 L i i A 28 R AR 41

T
2 REgEHEESME

IR Iy I RN ER P BT SN Sl AT i BB ) 1 =
ST RSN ST . BRFI ARG EERE . fE—
AEIRH, BRI SR Sy, AR T AR AR
T3 3 B 5 AR R S B0l Do A PR i 2, AT Ak
BRAIL I RETR A 3R B 1

AR X 4 5l g A5k Ak B8 )57 11 2 A4 A 56 08 P A ]

K, 6, 5 0, MBIy - N AR i & P1 i A A
HERG o, o REEPLER 15 o, RN T B
A5 LE B (R AR RN AR R T 5 o, S AR SR T 6 06 26 g
T o WERRNLTT; e, NG NASE; £, H—AJH
WIRBTBINAE s o ATEIR AR « R,

I EsE S R A, DR (2) AT FOR S A R M
B R ) A A5 A R PR SR N T - AR R
MABRPE oy | + 1 o, | =20, HTNIE o,
FEPR BN RO B RN, X BRI o, 2,

Rt AR (2e) , Rl TR o 15 2BETL
do_ o doy o (20 7 PUBER R R A S 1 R, (LA
de * (2) FFH645 Jy 0 1 77 ) Matlab/Simulink H {4 718
E?Zmu_ﬂh,ﬂ%gangaow (2b) B, AREURSIALR RSy - RS g U (1 )
8 a- Ry N —
d Apk 4 AR B Rt £, i anE 2 5183 R .
ﬁzgdu_g—"), a(d—(z’)>0ﬂo<o iny (2¢) *1 FEBREASH
d " Table 1 Parameters of simulation model
s Tk
d]\I] :48;\60(1 _i) (2d) o, Oro o, T ke ) E
v o to (2¢) /MPa  /MPa  /MPa  /MPa /GPa
pk — a R
gze‘acos(wt) te, (Zf) 60 110 110 110 2 800 0.97 120
Integrator Fen Gain 1 ! ul J
1 1-u/Qy IS D2 ) r o r - M
I | Product | Peak stress Scope strain
Gain 5
—={ 0.97/u <
| _C_
Fcn1 lul .
st l—K— 't_| Abs1 _Product1 Gain2| | i itial peak stress
| = I
strain rate Gain |
9 E ,xjiﬁm
_:, i) Efastic moduluF{ Product2 o C\y/Cling
| pen Loy I -
= fu) =] ; S
FSwitch . Gain 4 l;:—ss Graph Integrator1 stress

compressive peak stress

BT PRI AT LB f7 EL A Matlab,/Simulink 4

Fig. 1  Matlab/Simulink Block Diagram for simulating mechanical response of material subjected to VSR treatment
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Fig. 2 Simulated stress-strain response under VSR
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Fig. 4  Residual stress relief under different stress amplitudes
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Fig. 5 Residual stress relief under different strain amplitudes

3.3 #RBhIME

Bl 6 g SCH SRR A 47 FCH ) 4k 3l R X 5 A 1 )
PSRN o AR, A PR B0 I [R] P9 A5 31 9 fiE
TR, SRBEN R AR PR A A L S Bl L B Y fiE
T IS TRD R D O AR L T s it S B

PR B2 FR GE— W] I S — 32 1 Sl 1) 52 38
R Z Al B RGE. MR SR SRR B



555 3]

FLIE SR 5o PR8I R AR TR SL R 2 1,
PR BT RIARAR K, DY AR A g, AR R kAR
SYUIRLIIAETR R A OB AT, # i s A AR
IO 355 85 8y gy A s R g 4 800 o3 i SR AR AT,
T AT P 5/ 14 9% 2l B 8 45 440 478 57 A e DR B8 4 i A 8 1
T, RGP AR SRR R 2, RO R E PERICR i
U o B I — B B T B SRR A R A R,
AR FEARAT ARG 5, SR BARAE A 5 ARG EUR
PR o BRI A RE IR N BUIR 3 R LR IRA R, R
AT AR B — B AR A A 2 i BB IR Sl AR AR B, R AN
(ATILBUE LIPS S

170
------- =10
B =5
eop L =50
S oo =100

e
a1
o

Peak Stress / MPa
N
o

1201

—_
W
o

g peyr=rr—pr b oRL RS AL

1102
0 5

Cycles,N

K6 ARYRSSR T AR AR NS4 T

Fig. 6 Residual stress relief under different frequencies
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Fig. 7 Residual stress relief under different vibration period
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Fig. 8 Residual stress relief under different material yield stress
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Table 2 Mechnical propeties of 7075 aluminum

Specimen E/GPa RPO« ,/MPa R, /MPa oo/ MPa
7075 68.3 295 475 -133
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Say Hello to Cheaper Hydrogen Fuel Cells: Scientists Document
Utility of Non-Precious-Metal Catalysts

Los Alamos National Laboratory scientists have developed a way to avoid the use of expensive platinum in hydrogen fuel
cells, the environmentally friendly devices that might replace current power sources in everything from personal data devices to
automobiles.

In a paper published today in Science, Los Alamos researchers Gang Wu, Christina Johnston, and Piotr Zelenay, joined
by researcher Karren More of Oak Ridge National Laboratory, describe the use of a platinum-free catalyst in the cathode of a hy-
drogen fuel cell. Eliminating platinum—a precious metal more expensive than gold—would solve a significant economic chal-
lenge that has thwarted widespread use of large-scale hydrogen fuel cell systems.

Polymer-electrolyte hydrogen fuel cells convert hydrogen and oxygen into electricity. The cells can be enlarged and com-
bined in series for high-power applications, including automobiles. Under optimal conditions, the hydrogen fuel cell produces
water as a “waste” product and does not emit greenhouse gasses. However, because the use of platinum in catalysts is necessa-
ry to facilitate the reactions that produce electricity within a fuel cell, widespread use of fuel cells in common applications has
been cost prohibitive. An increase in the demand for platinum-based catalysts could drive up the cost of platinum even higher
than its current value of nearly $1, 800 an ounce.

The Los Alamos researchers developed non-precious-metal catalysts for the part of the fuel cell that reacts with oxygen. The
catalysts—which use carbon ( partially derived from polyaniline in a high-temperature process) , and inexpensive iron and cobalt
instead of platinum—yielded high power output, good efficiency, and promising longevity. The researchers found that fuel cells
containing the carbon-iron-cobalt catalyst synthesized by Wu not only generated currents comparable to the output of precious-
metal-catalyst fuel cells, but held up favorably when cycled on and off—a condition that can damage inferior catalysts relatively
quickly.

Moreover, the carbon-iron-cobalt catalyst fuel cells effectively completed the conversion of hydrogen and oxygen into water,
rather than producing large amounts of undesirable hydrogen peroxide. Inefficient conversion of the fuels, which generates hy-
drogen peroxide, can reduce power output by up to 50 percent, and also has the potential to destroy fuel cell membranes. Fortu-
nately, the carbon-iron-cobalt catalysts synthesized at Los Alamos create extremely small amounts of hydrogen peroxide, even
when compared with state-of-the-art platinum-based oxygen-reduction catalysts.

Because of the successful performance of the new catalyst, the Los Alamos researchers have filed a patent for it.

“The encouraging point is that we have found a catalyst with a good durability and life cycle relative to platinum-based cata-
lysts,” said Zelenay, corresponding author for the paper. “For all intents and purposes, this is a zero-cost catalyst in compari-
son to platinum, so it directly addresses one of the main barriers to hydrogen fuel cells. ”

The next step in the teams research will be to better understand the mechanism underlying the carbon-iron-cobalt catalyst.
Micrographic images of portions of the catalyst by researcher More have provided some insight into how it functions, but further
work must be done to confirm theories by the research team. Such an understanding could lead to improvements in non-precious-
metal catalysts, further increasing their efficiency and lifespan.

(Provided by Los Alamos National Laboratory )



