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R=wy= u=QtJ O}yW x=oWv=O 'l}v�t |UOvyt xwQo '|UOvyt |xOmWv=O

wQ u}ty R= "OwW|t sUH Ctw=kt Vy=m Ea=@ |y=o sUH QO Ov=tUB |=yVvD OwHw
u}= |=Q@ "CU= Q=OQwNQ@ |Q=}U@ C}ty= R= CavY QO =yVvD u}= OQw;Q@ w X}NWD

xO=iDU= VwQ QO "OQm xO=iDU= ?QNtQ}e |=yV}=tR; QO CwY=Qi G=wt= R= u=wD|t Qw_vt
Q=WDv= CaQU C=Q}}eD 'CU= O=wt 1l}DUq=wDUwm ; X=wN Q@ |vD@t xm CwY=Qi G=wt= R=
u}= QO "OvwW|t |UQQ@ 'Ov=tUB |=yVvD u=O}t R= Qw@a s=ovy CwY=Qi u=UWm G=wt=

Q=Qk VvD CLD xm OwOLt=v |Oa@xU u=UWm \}Lt l} QO xQP CmQL CqO=at 'j}kLD
xS} w Q}O=kt |rm |xr�Ut 'CmQL CqO=at |xOW|]N |xir-wt xU "OvwW|t |UQQ@ 'OQ=O

=Q VvD CLD s=UH= QO Q=WDv= p@=k G=wt= CaQU 'xS} w Q}O=kt u}= "OvyO|t p}mWD =Q
w VvD ?ULQ@ CaQU C=Q}}eD 'xOt; CUO x@ CqO=at R= xO=iDU= =@ "OvyO|t p}mWD
QO u; Q=WDv= CaQU Q@ Gwt V@=D |x} w=R Q}F-=D u}vJty w 'sw}v}twr; QO |Oa@l} VvQm

"CU= xOW xO=O u=Wv Oqwi w sw}v}twr;
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ehsan.delkhosh@gmail.com "xD}U}DUq=wDUwm ; 'Ov=tUB VvD 'CwY=Qi G=wt= '?QNtQ}e uwtR; %|O}rm u=oS=w

xtOkt "1
u}= u}}aD |=Q@ |}=yVqD 'Ov=sUH QO Gwt CmQL =} R=wQB u=tR |Q}oxR=Ov= Q@
|=ylU}O 'xO}tN |=yjQw 'xOW |Q=mWwH C=a]k w K]Ut |=yjQw QO =yVvD
xDiQo CQwY [14�7]|Oqwi |=yxr}t w =yxrwr w C=a]k |Q=mWwH pLt 'Q:wOt

"CU=
CaQU C=Q}}eD Qou=Wv xm CU= |}x]@=Q uOQw; CUO x@ Q[=L j}kLD hOy
CQwYx@\}Lt uDiQo Q_v QO =@ "OW=@ Ov=tUBVvD Qw[L QO 'sUH QO G=wt= Q=WDv=
R= xO=iDU= =@ 'VvD CLD sUH QO |tHL G=wt= Q=WDv= CaQU |x]@=Q '|y=vDt=v
Gwt OwQw |x} w=R Q}F-=D u}vJty [15]"OwW|t G=QNDU= 2OwOLt |v=UWm |x} Q_v
u=tR w |@Uv CaQU 'xD}U}DUq=wDUwm ; ?}=Q[ 'sUH uwQO R= u; Qw@a CaQU Q@
=@ |}xLiY G=wt= "OQ}o|t Q=Qk xar=]t OQwt VvD u=O}t =@ u; \=@DQ= w Gwt R=wQB
OvwW|t QWDvt u; QO xm |]}Lt Q=DN=U QO xm OvwW|t ZQi lJwm |xvt=O

"�Ov=COWsm G=wt=� Ovvm|tv O=H}= |Q}}eD

Ov=tUB VvD |=Q=O sUH QO |tHL G=wt= Q=WDv= "2
|tHL |=ywQ}v uDiQo Q_v QO uwO@ 'Xi |O=t C=YDNt =@ xQPl}CmQL CqO=at

[1]%CWwv u}vJ u=wD|t =Q
@�ij
@xj

= �0
@2ui
@t2 i; j = 1; 2; 3 (1)

'xDi=}v pmW Q}}eDCr=L QO|r=oJ �0 'x]kv QOVvD QwUv=D |=yxir-wt �ij u; QO xm

?} Q[ ?=NDv= x@ VvD |ak=w u=R}t R= `q]= sOa 'C=a]k |L=Q] w p}rLD QO
QO Ov=tUB |=yVvD |xR=Ov= w =DU=Q X}NWD "Ot=Hv=|t C=a]k |q=@ u=v}t]=
?=NDv= =Q ?U=vt u=v}t]= ?}=Q[ =D Ovm|t ltm u=L=Q] w u=UOvyt x@ s=UH=
OQ}o|t Q=Qk xO=iDU= OQwt Ov=tUB VvD |Q}oxR=Ov= |=Q@ |OOaDt |=yVwQ "Ovvm
\=kv 'OOaDt |=yC}r@=k w =yR=}Dt= R= |Q=OQwNQ@ seQ|ra =yu; R= l} Qy xm
X=wN Q@ xm CU= CwY=Qi G=wt= R= xO=iDU= '=yVwQ u}= R= |m} "OvQ=O R}v |ia[
|=yVvD x@ 'G=wt= u}= Q=WDv=CaQU u; QF= Q@ w xOw@ Q=wDU= O=wt |xD}U}DUq=wDUwm ;

"OQ=O |oDU@ sUH QO OwHwt
u=UWm |=yC@=F x@ swUwt?}=Q[ R= xO=iDU= wCmQL CqO=at uDiQo Q_v QO =@
h}YwD |=Q@ 'p}Uv=DB |SQv= `@=D QO xm �� �2 w 1 pw=OH� swU w swO |x@DQt
�� [1]OvwW|t h} QaD OwOLt |=ypmW Q}}eD p}rLD QO OQov=Uty |xO=t Q=DiQ
QO =Q |L]U w |WQ@ '|rw] |m}v=mt G=wt= CaQU Q@ VvD Q}F-=D u=R}t u=wD|t
CQw=Ht QO sy w sHL QO sy Ov=tUB |=yVvD xm =Hv; R= [4�2]"OQm OQw;Q@ s=UH=
=D xDiQo CQwY |}=yVqD 'OvwW|t `} RwD CN=wvm} Q}e Qw]x@ s=UH= Kw]U
uDW=O [5]"OwW Q}PBu=mt= CN=wvm} Q}e VvD |=yu=O}t |Q}oxR=Ov= w X}NWD
R= &CU= |QwQ[ Ov=tUB |=yVvD |@=} RQ= |=Q@ swU |x@DQt |v=UWm C@=F Q}O=kt
|UOvyt QO OQ@ Q=mQB O=wt R= |[a@ |=Q@ ?}=Q[ u}= j}kO u}}aD Qw_vtx@ wQ u}=
'xQ=W= OQwt |=yVwQ |Q}oQ=mx@ =@ [6]"CU= xDiQo s=Hv= |O=} R |@ QHD |=yQ=m
|vD@t ,qwtat xm Ov=tUB |=yVvD |Q}oxR=Ov= ?U=vt C=R}yHD R= xO=iDU= R}v w

pw�Ut xOvU} wv �
"1391 4 4 VQ}PB '1391 1 19 x}LqY= '1390 10 17 Ci=} QO %M} Q=D



CwY
=QiG

=wt=
lt

mx@
Ov=t

UBV
vDu

=O}t
OQw

;Q@%OW=@ Q=QkQ@ 7 |w=Ut=v xm u; Q@ \wQWt

uStatici � uDynamici (7)

|xrO=at CQwYx@ =Q 6 |xrO=at u=wD|t 'OW=@l}vwtQ=y GwtCmQL xm ZQi u}= =@
%CWwv 8

ui = "iXi +miAei(!t�kjxj) (8)

|}=Hx@=H Q=OQ@ |O=y |=yTwv}Ummi 'Tv=mQi ! '|rY= |=yVvQm "i u; QO xm
O=OQ=Qk w CU= Gwt Q=OQ@ |=yxir-wt kj w |}=Hx@=H |xvt=O A '|rY= |=yQwLt =@
u=UWm |}=Hx@=H Qou=Wv pw= |xrtH "CU= jO=Y j QQmt T}Ov= |wQ \ki `tH
"CU= xDiQo Q=Qk VvD u=O}t CLD xm CU= |OQov=Uty Ot=H sUH QO x}rw=
|}xLiY Gwt Q=WDv= QF=Q@ xm CU= |mJwm Q=}U@ pmW Q}}eD Qou=Wv swO |xrtH
(kj) Gwt Q=OQ@ |=yxir-wt "CU= xOt; OwHw x@ OQov=Uty=v sUH l} u=}t R=
CQwYx@ lj Gwt Q=OQ@ |O=y |=yTwv}Um w �K� Gwt OOa ?ULQ@ u=wD|t =Q
'|}=[i w |O=t C=YDNt u}@ |x]@=Q R= xO=iDU= =@ "CWwv kj = Klj = 2�

� lj
%OQw; CUO x@ |}=Hx@=H |=yxir-wt ?ULQ@ u=wD|t =Q 8 |xrO=at

ui = "iXi +miAei(!t�K((1+"1)X1l1+(1+"2)X2l2+(1+"3)X3l3))

(9)

xDWwv u=mt Q}}eD |} RH C=kDWt ?ULQ@ xm =Q pY=L |]NQ}e CmQL CqO=at
|]N u=wD|t |m}D=DU= pmW Q}}eD C}akwt pwL Qwr}D \U@ R= xO=iDU= =@ 'OvwW|t
'OW=@ VvD CLD sUH QO Gwt Q=WDv= CaQU Qou=}@ V = Cp = !

K Qo = "OQm
|=yC@=F w |rY= |=yVvQm ?ULQ@ Ci w Bi 'Ai |=yQDt=Q=B |Ov@xDUO =@
CqO=at u}= 'Ov=xOW xDWwv CUw}B QO xm |}xvwox@ 'swU w swO |x@DQt |v=UWm
%OW Oy=wN xDWwv 10 CqO=at j@=]t X3 w X2 'X1 |=DU=Q xU QO xOW|]N

m1(A1 +A2 +A3) +m2A4 +m3A5 = 0
m1B1 +m2(B2 +B3 +B4) +m3B5 = 0
m1C1 +m2C2 +m3(C3 + C4 + C5) = 0 (10)

CmQL CqO=at pL "3
XNWt |xLiY l} QO Gwt Q=WDv= "1"3

QDxO=U =Q CmQL CqO=at u=wD|t 'OwW QWDvt XNWt |xLiY l} QO Gwt Qo =
u=vJ �1 pmW� |DQ=mO C=YDNt x=oDUO QO =Q xar=]t OQwt sUH Qw_vtu}O@ "OQm

"Gwt Q=WDv= C=LiY V}=tv w C=YDNt x=oDUO "1 pmW

"Oqwi w sw}v}twr; swO |x@DQt |v=UWm |=yC@=F "1 pwOH
v

E � �

GPa GPa GPa

0 34 71 26 48 59 28 sw}v}twr;
0 28 220 85 110 Oqwi

"Oqwi w sw}v}twr; swU |x@DQt |v=UWm |=yC@=F "2 pwOH
n m l

GPa GPa GPa

�408 �401 �311 sw}v}twr;
�710 �580 �270 Oqwi

`tH O=OQ=Qk "CU= xi |}=[i C=YDNtx@ Xi R= |}=Hx@=H u=O}t |=yxir-wt ui w
"xi = xi(X1; X2; X3) w ui = xi �Xi w xOw@ Q=QkQ@ |Q=QmD T}Ov= |wQ
sUH |v=UWm |WvQm |SQv= |r=oJ `@=D R= |Q}ojDWt =@ VvD QwUv=D |=yxir-wt
(E) |Sv=Qo q OwOLt VvQm |=yxir-wt ?ULQ@ '(�) xDi=}v pmW Q}}eD Cr=L QO

%OvwW|t xDWwv 2 |xrO=at CQwYx@
[�] = [J]

�
@'
@E

�
(2)

CQwYx@ R}v (I) OL=w QwUv=D w(J) 3u}@ wm =S?ULQ@ |Sv=Qo q OwOLtVvQm QwUv=D
%OwW|t xDWwv 3 |xrO=at

E = 1
2 (JTJ� I) (3)

%CU= x@U=Lt p@=k 4 |x]@=Q R= u}@ wm =S T} QD=t
[J] =

�
@xi
@Xi

�
(4)

Q=Okt xU R= |a@=D CQwYx@ OQov=Uty u=UWm Ot=Hl} |=Q@ |WvQm |SQv= |r=oJ
[2w1]%OwW|t xDWwv |Sv=Qo q VvQm QwUv=D I3; I2; I1 |=}=B

� = l + 2m
3 I31 + �+ 2�

2 I21 � 2mI1I2 � 2�I2 + nI3 (5)

|x@DQt |v=UWm |=yC@=F s=vx@ xO=t O}OH C@=F Q=Okt xU n w m w l u; QO xm
w sw}v}twr; |=Q@ Q}O=kt u}= 2 pwOH QO "OvwW u}}aD O}=@ V}=tR; =@ xm OvDUy swU

"Ov=xOW x�=Q= Oqwi
pY=L |=yCQ=@a |v} Ro}=H w '2 |xrO=at QO 5 =D 3 CqO=at uO=OQ=Qk =@
X3;X2;X1 |=yCyH QO |]NQ}e CmQL CqO=at '1 |xrO=at QO =yVvD |=Q@

"O};|t CUO x@
"1 %OwW xDiQo Q_v QO VN@ wO R= |@}mQD \}Lt R= x]kv Qy |}=Hx@=H Qo =
Ov=tUB VvD u=O}t l} OwHw QF= Q@ CU= umtt xm (uStatici ) |m}D=DU= VN@
Q=WDv= QF= Q@ xm (uDynamici ) |m}t=v}O VN@ "2 &OW=@ xOW O=H}= x}rw= VvD =}
u} RDQ=m C=YDNt QO |}=Hx@=H |=yxir-wt 'O};|t OwHw x@ xvt=Osm |}xLiY G=wt=

%CWwv u}vJ u=wD|t =Q
uTotali = uStatici + uDynamici ; i = 1; 2; 3 (6)
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=yQwLt R=|m} O=ODt= QO Gwt|Dkw '|[Qa w|rw] G=wt= Q=WDv= |=DU=Q "2 pmW
"O@=D@

QWDvt VvD O=ODt= QO Gwt Qo = sw}v}twr; QO |rw] G=wt= CaQU C=Q}}eD "3 pmW
"OwW

QWDvt VvD O=ODt= QO Gwt Qo = sw}v}twr; QO |[Qa G=wt= CaQU C=Q}}eD "4 pmW
"OwW

w l1 = 1 'OwW QWDvt �VvD =@ =DU=Qsy� x QwLt O=ODt= QO ,qFt Gwt Qo =
'xS} w Q}O=kt |R=UxO=U wCmQL CqO=at QO Q}O=kt u}= |v} Ro}=H =@ "l2 = l3 = 0
Q=WDv= |=DU=Q Qou=Wv CaQU pw= T}Ov= =yu; QO xm O};|t CUO x@ 16 \@=wQ
|=yC@=F� CU= sUH C=QP CmQL =} V=aDQ= |=DU=Q Qou=Wv swO T}Ov= w 'Gwt

%�Ov=xOW h} QaD CUw}B QO ai
�0V 2

ii = a1 + a2"i + a3 ("j + "k)

�0V 2
ij = �+ a5"i + a4"j + a6"k

�0V 2
ik = �+ a5"i + a6"j + a4"k (16)

OwtVW w|rw] Owt xU |=Q@ G=wt=CaQU C=Q}}eD '4 w 3 |=ypmW |=yQ=Owtv QO
uwQO VvD O=ODt= QO Gwt xm |DQwY QO '|Oa@l} VvQm =} VvD x@ C@Uv |[Qa

"OW=@ z; y; x |=yQwLt Q@ j@]vt ?}DQDx@ 3 w 2 '1 |=yCyH xm s} Q}o|t Q_v QO
%Ovm|t jOY 11 |x]@=Q QO Gwt Q=OQ@ |O=y |=yTwv}Um

l21 + l22 + l23 = 1 (11)

u}vJ xQP CmQL CqO=at w l2 = 0 'OwW QWDvt xz |xLiY QO Gwt xJv=vJ
%OvwW|t xDWwv2664 G11 � �0V 2 0 G13

0 G22 � �0V 2 0
G31 0 G33 � �0V 2

3775
2664 m1
m2
m3

3775 = 0

(12)

"Ov=xOW xDWwv CUw}B QO Gij Q}O=kt
u=v}tQDO O}=@ OW=@ xDW=O |y}O@ Q}e ?=wH 12 CqO=at x=oDUO xm u}= |=Q@
QO Q=WDv= p@=k G=wt= |xYNWt |xrO=at ?}DQD u}= x@ "OW=@ QiY Q@=Q@ u; ?}=Q[
12 CqO=at x=oDUO |xS} w Q}O=kt 'xrO=at u}= |=yxW} Q "O};|t CUO x@ sUH
|Owta |[Qa Owt l} '�SH� |ki= |[Qa Owt l} Q=WDv= CaQU w OvDUy

%Ov};|t CUO x@ �L� |rw] Owt l} w �SV �

�1 = �0V 21 = 1
2
�
G11 +G33 +

q
(G11 �G33)2 + 4G213

�
�2 = �0V 22 = G22

�3 = �0V 23 = 1
2
�
G11 +G33 �

q
(G11 �G33)2 + 4G213

�
(13)

"OQm |]N w O=O \U@ Qwr}D |QU R= xO=iDU= =@ =Q =yCQ=@a u}= R= l} Qy u=wD|t
%p=Ft u=wvax@

�(xz)
3 = �0V 23 = f (")

= 1
2
�
G11 +G33 �

q
(G11 �G33)2 + 4G213

�
= f (0) +

��
@f
@G11

@G11
"i

+ @f
@G13

@G13
"i

+ @f
@G33

@G33
"i

��
"i

(14)

[16]'CU= xOW s=Hv= R}v Qo}O |xLiY wO QO G=wt= Q=WDv= |=Q@ jwi C=}rta x@=Wt
"OwW|t |Q=OOwN C=@U=Lt C=}�RH uOQw; R= Q=YDN= C}=aQ |=Q@ |rw

|Oa@l} VvD Cr=L "2"3
=Q CmQL CqO=at u=wD|t 'sUH QO (�) |Oa@l} VvD u=O}t OwHw CQwYQO
?} Q[ uDiQo Q_v QO =@ 'CU= ?U=vDt VvQm =@ VvD xm Cr=L u}= |=Q@ "OQm QDxO=U

%OwW|t xDWwv u}vJ =yVvQm '(E) nv=} pwOt w (�) uwU=wB
"1 = " = �

E
"2 = "3 = ��" (15)

|rY= |=yCyH O=ODt= QO CU= umtt OwW OQ=w sUH K]U Q@ Owta Gwt Qo =
|rY= CyH xU QO |[Qa w |rw] G=wt= Q=WDv= |=DU=Q 2 pmW QO "O@=} Q=WDv=

"CU= xOW xO=O u=Wv |Oa@l} VvD x@ C@Uv z; y; x
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;Q@

"sw}v}twr; |=Q@ |Oa@l}VvDCr=L QO G=wt=CaQU|@Uv C=Q}}eD Q=Owtv "5 pmW

C=Q}}eD u=wD|t 'OwW Q=QmD `]kt hrDNt \=kv |=Q@ Ov}=Qi u}= Qo = "OQw; CUO x@ =Q
"OQm s}UQD =Q `HQt K]U l} =D hrDNt \=kv |xrY=i ?ULQ@ VvD

Gwt CaQU Q@ Q=WDv= |x}w=R Q}F-=D "4"3
\@=wQ R= u=wD|t |rw] w |WQ@ G=wt= CaQU Q@ Q=WDv= |x} w=R Q}F-=D |xar=]t |=Q@
Qo = p=Ft u=wvax@ "OQm xO=iDU= 'OvW=@ xOW ?DQt |Oa@l} VvD ?ULQ@ xm 13
'6 '|rw] Gwt |=Q@ w xHQO 25 w 20 '15 'z QwLt =@ |WQ@ Gwt Q=WDv= |x} w=R
j@] Oqwi w s}v}twr; QO |WQ@ G=wt= CaQU C=Q}}eD Q=Owtv 'OW=@ xHQO 12 w 9

"OW Oy=wN 7 pmW j@] |rw] G=wt= |=Q@ w 6 pmW

"Q=WDv= |x}w=R Q}}eD QF= Q@ Oqwi w sw}v}twr; QO|WQ@ GwtCaQU C=Q}}eD "6 pmW

"Q=WDv= |x}w=R Q}}eD QF= Q@ Oqwi w sw}v}twr; |rw] Gwt CaQU C=Q}}eD "7 pmW

�0 = 2730 kg=m3 |r=oJ =@|tw}v}twr; sUH |=Q@ '�2 pmW� O@=} Q=WDv= sUH
VvD |=DU=Q QO |rw] Gwt CaQU '3 pmW Q=Owtv x@ xHwD =@ "CU= xOW sUQ
Gwt |=Q@ xm |r=L QO O@=}|t Vy=m VvQm =} VvD V}=Ri= QF= Q@ '|WWm |QwLt
4 pmW |=yQ=Owtv "O@=}|t V}=Ri= VvD |=DU=Q Q@ Owta C=yH QO xQWDvt |rw]
w Q=WDv= O=ODt= xm u}= x@ xDU@ '|WQ@ =} |[Qa G=wt= CaQU xm OvyO|t u=Wv
u}= "Ovvm|t Q}}eD 'OvW=@VvD O=ODt= Q@ j@]vt =} Owta =yu; |=Q@\}Lt C=QPCmQL
j@]vt Qo}Om} Q@ uQ=kD Crax@ =yOwt R= |[a@ CaQU xm OvyO|t u=Wv =yQ=Owtv

"CU= xOW |UQQ@ "4"3 VN@ QO G=wt= CaQU Q@ Q=WDv= |x} w=R Q}F-=D "OwW|t

|@Uv CaQU C=Q}}eD "3"3
'CwY=Qi G=wt= ltmx@ VvD |Q}oxR=Ov= VwQ QO xHwD OQwt |=yQDt=Q=B R= |m}
|x]@=Q j@=]t "CU= |QwLt VvQm =} VvD ?ULQ@ Gwt CaQU |@Uv C=Q}}eD

%R= CU= CQ=@a |@Uv CaQU 17

�Vij =
Vij � V 0

ij

V 0
ij

(17)

C@Uv 17 |x]@=Q R= xJv=vJ "CU= VvD uwO@ \}Lt QO Gwt CaQU V 0
ij u; QO xm

%CW=O s}y=wN OwW xDiQo jDWt (") VvQm x@
d�V11
d"

= a2 � 2a3�
2a1

= L11

d�V13
d"

= a5 � (a6 + a4) �
a5 � a4

= L13

d�V31
d"

= a4 � (a5 + a6)�
a5 � a4

= L31

d�V32
d"

= a6 � (a6 + 2a5 � a4)�
a5 � a4

= L32

d�V33
d"

= a3 � (a2 + a3)�
2a1

= L33 (18)

h} QaD CUw}B QO ai |=yC@=F w OvwW|t xO}t=v xD}U}DUq=wDUwm ; ?}=Q[ Lij
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a0 = �+ �

a1 = �+ 2�
a2 = 5�+ 10�+ 2l + 4m
a3 = �+ 2l
a4 = �+ 2�+m

a5 = �+ 4�+m

a6 = �+m� 1
2n

a7 = 2 (�+ �) + 2l +m

a8 = �m+ 1
2n+ 2l
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80



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

h RESIDUAL STRESS FIELD
ESTIMATION BY ULTRASONIC
WAVES
K. Naderan Tahan(corresponding author)
naderan k@scu.ac.ir
E. Delkhosh
ehsan.delkhosh@gmail.com
Dept. of Enginnering College of Mechanics,
Shahid Chamran University of Ahvaz

Sharif Mechanical Engineering Journal
Volume 29, Issue 2, Page 75-80, Original Article

c
 Sharif University of Technology

� Received 7 January 2012; received in revised form 7 April
2012; accepted 24 June 2012.

Abstract
In certain cases, the presence of residual stress reduces
the strength of parts, hence, its detection and estima-
tion is of great importance. Ultrasonic waves have the
potential to be employed in nondestructive tests to do
this task. The analysis is based on the acoustoelasticity
properties of the material that studies changes in wave
velocity when passing through a stressed medium. To
derive the equations of motion for a particle in a stressed
elastic solid, it is supposed that the displacement vector
consists of two parts: a static part, which may be devel-
oped by a residual or applied stress �eld, and a dynamic
part, which is produced due to wave propagation and
is considered a small amplitude harmonic motion. The
�nite displacement theory is employed to derive the gen-
eral form of the non linear equations of motion in three
dimensions for an incident wave at various angles, which
are made linear by the Taylor expansion method. Vari-
ous components of the wave velocity are computed from
linear equations as an eigenvalue problem. Relative ve-
locity changes versus one dimensional stress and strain
in an aluminum block, and the e�ect of wave incidence
angle on the propagation velocity are established and
plotted "It is shown that the speed of wave in a stressed
elastic solid depends not only on the material proper-
ties of the solid, but, also, on the wave incidence angle
and the propagation and particle displacement direction
relative to the stress direction. From the presented di-
agrams, it is revealed that if the direction of incidence

113

and propagation of the wave coincides with the direction
of normal stress, then, the velocity of the longitudinal
mode will decrease in tension and increase in compres-
sion. On the other hand, the velocity of shear wave will
increase in tension and decrease in compression. These
conclusions agree with the results in other references.
Comparing the slope of relative velocity diagrams in a
stressed body, we conclude that the velocity of longitudi-
nal waves that are incident along the normal stress com-
ponent, is greater than other wave modes, although the
magnitude of this change is very small for either modes;
say, about 0.6 percent for longitudinal waves at 70 MPa
tension in aluminum. Therefore, precise measurement
of the 
ight time of the wave is necessary.

Key Words: residual stress, ultrasonic wave, non de-
structive test, acoustoelasticity.


