LASER | aser Measurement  Corporation

DMI SR-2
W.F.Ranson,R.1Vachon,G.L.Hovis J.Nargiello,R.Fidnarick,R.Christ Jr.
Direct Measurements, inc, Atlanta, GA Northrop Grumman, Bethpage, NY
DMI SR-1 DMI SR-2 Nothrop
Grumman
DMI SR-1
7050 DMI
Timoshenko & Goodier 1951 “ Theory of Elasticity”



LASER | aser

Measurement ~ Corporation

10
[ 1
Saint-Vanant
a
DMI
[5,6,7,8]
Newman
Schwalbe Newman  Shannon[11]
Elber[3] 1970
DMI
Direct Measurements
DMI
DMI

[10]

H

(46 (2] 00 I g

Dawicke

7075-T7351

DMl

[°1

RN

Elber[2,3,4]Newman

2024-T35

DMl

1980



LASER | aser Measurement  Corporation

Ag , A€ b o
2 €°[3J]ZE%mabs',QNm

2024-T3
DMI
Ae . Aeg,
) 2

Log Strain
>
o™
R
N
m
A ha
N
zZ

Ag o2 %(m b
I I

Log 2N¢

DMI

[13]



Laser Measurement

Corporation

II|II *

a F

M fl
Yo

0 F

M o

X
DMl
DMl
oMl

omr

Fl*
l'|'l*il. D*
rlllll'.t'
N'.t'
;{*
FHr
A
D*
N* L
Fl-.t-
D*
Area of
Anamaly
N*

omr



LASER | aser Measurement  Corporation

DMI

DMI

DMI
DMI

DMl

DMI
DMI




LASER | aser Measurement  Corporation

65536 65536
uilD CBM

5

+ 10

1 1
- Hz
Immx 1mm 10mmx 10mm
DMI DMI



LASER | aser

Measurement ~ Corporation

DMI

DMI

DMI

oMl

DMI
DMI

2024-T3

oMl

% Strain

DMI

t=0.05

DMI

3/16

Effective Gage Length

DMI



LASER | aser Measurement  Corporation

Microstrain

3/16
DMI
1 30 700 4200
60% 700 10
700 DMI SR
5.
DMI
DMI
Timoshenko  Goodier[1] Chen  Han[12]
DMI
1
2000
1800 _ r
—a— DM Gage Headings
1600
1400 —+— Electrical Resistance Strain Gage
1200 f
1000 _/J
a0 df___ﬁ_,ﬂl-q\\_\
—
GO0 //,"‘—I—"'ﬂ_
400
200
0w ——ri e b — S S
1 10 100 1000 10000
Cycles
6.
oMl Northrop Grumman Bethpage
13DMI389  13DMI397
Hirox



LASER | aser Measurement  Corporation

13DM1389/SIPS S13-0389 ( 24)
Northrop
Grumman SIPS S13-0389
DMI
0.190
DMI 1 DMI
24
24 7. DMI
25
4 Vaamawreri
Northrop ﬂ. _12384 ‘II
Grumman
[ 5]
Hirox E:' 55555553.:2 —
— [Dapley
DMI ]ﬂr F Wosnmsed Suain
— . " Fatgm Diamange
24 Eintn Source | T shan Companasion | Daia Loggesg | Gage ko | Sectngs |
JENTEK Pab St ———
6500 6 7000 _ weond *-f }
6500 e e LT ]
9500 500 8. 6
DMI
6 6500
6 DMI
DMI 6
90°
8 7000 7500 8000 8500 9000 9500
9. DMI Vs. ( 24)



LASER | aser Measurement  Corporation

9 24 DMI

90°

24

11 10
DMI

9500

9500

24

DMI

DM . - - . .

11
24 11. DM ( 24)

9 9500

10



LASER | aser Measurement  Corporation

11

2 13DMI397/SHIPS S13-0397 28

Northrop Grumman Coupon SHIPS

$13-0397 DMI
28 0.oo7
0.005
0.190
0.003
Northrop Grumman 0.001
0001 i 2 3 4 d
-0.003
s = e
-0.005
12. VS. ( 28)
Hirox
DMI
28
15 12
24 13.
13 DMI
3 13DMI389 Hirox 24
14(a-g) Hirox 13DM1389 “ oo
JENTEK 6500 9500 500
9 24

11



LASER | aser Measurement  Corporation

DMI

il il
EDOL. 0% jprix

- Bl §EeLL

[T
o= 5-10 1357

| = B A

158, 000 piz
08 =14 3414

:ﬂl_'lil:ﬁ pin
008 -1 10

(e)S13-0389 H1 OB 8500 cycles 10K load (f)S13-0389 H1 OB 9000 cycles 10K load

e
VW.'ﬁ' G-14 14: 20

14. 1 S13-0389  Hirox ( 24) vs.

12



LASER | aser Measurement  Corporation

4 Hirox
15
0.2 Vel
=
=
(@]
g
ERN!
|
16 ©
4
0
G000 F00o0 000 Qoo 1 -1III4
Cycles
2
15. 'S
9
et Wl et
LER= Ty Tl b i
‘Ew’ | -2466.3 | T | o | | -247.1 =]
i | 26722 o | I -278.8 o |
E | 7774 = a0 824 e
B | 39882 rommsen | [EI | 1133.2 | © bt
D borms | Tampe s Comperasion | Dl Loggng | Gage bia | Lerwga | Dt Sombcw | g bty Ciommpmsiances | Dt Loy | Goige ks | Semtirn |
B ol Sonnce Clsert Sonnce Basirs Larce Tt Sovrcem
(I, o et ||| 1 C=] e | e [ ]
| =1 '- s | " |
H i | [ i M || e ML T
| Snsfamive | o Maiw | 1 - s |
[F] A W *.
16.
17. (a)9500 100,000
(b)9500
17 a.b 9500 2 17 a 10000
14 g 17 b

10000

a)Load 10,00001bs: 3988.2-2672.2 1316.0
b)Load 0 Ibs.: 1133.2-278.8 1412.0

13



Laser Measurement Corporation

+ I+

~

Wi poramd
10000 7 1412-1316 /1364 0.07
0ooLs
18
6500 9500 500
9
0.ani
14 a-g
s.an
DMI
0
ons 01 0.1s
18. VS.
[m 1 m ] m 1 m |
DMI 19(b)
| 1o [ 1111 0]
3
.
19 ¢ Ig g] :
+
[\ /B L
) M) |\
19.DMI

14



LASER | aser Measurement  Corporation

DMI
[14 25]

DMI

DMI
1930 1940 [26,27,28,29,30,31]

DMI

DMl

oMl

DMI Timoshenko  Goodier

15



LASER | aser Measurement  Corporation

[1] S. Timoshenko and J.N. Goodier, Theory of Elasticity” McGraw-Hill Book Company, Inc. New Y ork,
1951

[2] W. Elber, Fatigue Crack Propagation, Ph.D. Thesis, University of N.SW., Australia, 1968

[3] W. Elber, Fatigue Carck under Closure Cyclic Tension, Eng. Frac. Mech., 3,37-34 (1970)

[4] W. Elber,The Significance of fatigue crack Closure, Damage Tolerance in Aircraft Structures, ASTM
STP 748, 53-84(1981)

[5] J.C. Newman Jr., M. Jordan Haines, Verification of stressintensity factors for various middle-crack
tension test specimens, Eng. Frac. Mech., 72, 1113-11,(2005)

[6] Kiran Solanki, S.R.Daniewz, Jc. Newman Jr., Finite element analysis of plasticity-induced fatigue
crack closure: an overview, Eng. Frac. Mech., 71,149-171 (2004)

[7] SK. Ray, R Perez , A.F. Grandt Jr., Fatigue and Fracture of Engineering Materials and Structures, 10
(3),239-250,(1987)

[8] A.l. Rifani, A.F. Grandt,Jr., A FRACTURE MECHANICS ANALY SIS OF FATIGUE CRACK
GROWTH IN A COMPLEX CROSS SECTION, Engineering Failure Analysis, Vol 3., No. 4

249-265 (1996)

[9] D. S. Dawicke, A. F. Garndt Jr., and J.C. Newman Jr. THREEDIMENSIONAL CRACK CLOSURE
BEHAVIOR, Eng. Frac. Mech., Val. 36, No. 1, 11-121 (1990)

[10] J.C. Newman Jr., A. Brot, C. Matias, Crack-growth alculations in 7075-T7351 aluminum alloy under
various |load spectra using an improved crack-closure model, Eng. Frac. Mech..7, 2347-2363 (2004)

[11] Karl-Heniz Schwalbe, Jams C. Newman Jr, John L. Shannon Jr. , Fracture mechanics testing on
specimens with low constraintstandardisation activities within ISO and ASTM, Eng. Frac. Mech.

72 557-576 (2005)

[12]. W.F. Chen, D. J. Han, Plasticity for Structural Engineers, Gau Lih Book Co., Ltd.,1995.

[13]. V. Novozhilov, Foundations of the Non Linear Theory of Elasticity, Graylock Press, New Y ork,
1953.

[14] M. Carboni, Stain-gauge compliance measurements near the crack tip for crack closure evalution:
Applicablity and accuracy, Eng Frac. Mech ,to be published based on being accepted 19 April 2006
[15]. K.H.Schwalbe, Estimating the load line displacement of cracked laboratory specimens using the
engineering treatment, Eng Fract Mech, 45 (1993) (6), 751-758.

[16]. K.H.Schwalbe, B. Hayes, K. Baustain et al, Validation of the fracture mechanics test method EGF
P1-87d (ESIS P1-92). Fatigue Fract. Eng Mater Struc, pp1231-1284, 1993.

[17]. W. Mekky, P.S. Nicholson, The fracture toughness of Ni/Al203 laminates by digital image
correlation |: experimental crack opening displacement and R-curves, Eng Fract Mech, 73, (2006), (5),
571-582.

[18]. L.J. Fellows, D. Nowell, Measurement of crack closure after the application of an overload cycle,
using moire’ interferometry, Inter JFatig, 27, 2005, (10-12), 1453-1462,.

16



LASER | aser Measurement  Corporation

[19]. P. Hung, A. S. Voloshin, In-plane strain measurements by digital image correlation, J Braz Soc
Mech Sci. Engng, XXV,(2003), (3), 215-221.

[20]. D. Amodio, G.B. Broggiato, F. Campana, G. M. Newaz, Digital speckle correlation for strain
measurement by image analysis, Soc Exp Mech, 43 (2003) (4), 396-402.

[21]. M.A. Sutton, F. Ma, X. Deng, Development and application

of aCTOD based mixed mode fracture criterion, Int J Solids Struct 37 (2000), 3591-3618.

[22]. F. Hild, Measuring stress intensity factors with a camera: integrated digital image correlation
(I-DIC), Comptes Rendus Mechanique, 334, 2006 (1), 8-12.13 Copyright © 2007 by ASME

[23]. J.D. Helm, M.A. Sutton, S.R. McNeill, Deformations in wide, center-notched panels, part I:
three-dimensional shape and deformation measurements by computer vision, Optical Engineering, 42,
2003 (12), 1293-1305.

[24] J. Lemaitre, A Course Damage Mechanics, Springer —Verlag, 2nd Edition, Berlin, (1991)

[25]. M.A. Sutton, A.P. Reynolds, J. Yan, B. Yang, Microstructure and mixed mode /11 fracture of
AA2524-T351 base material and friction stir welds, Eng Fract Mech, 73, 2006 (4), 391-407.

[26] K. Sezawa and G Nishimura, Rept. Aeronaut. Research Inst.. Toyko Imp. Univ.,, vol. 6. no. 25,
(1931)

[27] J. N. Goodier, Trans. A.SM.E., vol.55, 39 (1933)

[28] L. H. Donnell, Theodore von Karman Anniversary Volume, Pasadena, 293, (1941)

[29] E. Thibodeau, L.A. Wood, J. Research Natl. Bur. Standards, vol. 20, 393, (1938)

[30] A.E. Green, Trans. Roy Soc( London), series A, vol. 103, 229

[31] E. Sternberg, M. Sadowsky, J. Applied Mechanics (Tans. A.S.M.E.), vol. 16,27, (1949)

17



