. @ httpsi//nt a.gov/search.jsp?R=19750003987 2020-03-23T03:20:52+00:00Z

({NASA CB-13&657} NGNDESTBUCTIVE TESTS OF ¥75-12059

REGENERATIVE CHAMBERS, APPENDIX Final

Beport (Bell Aerospace Co.) 196 p

HC §7. CSCL 21H Unclas ’
G3/20 (2449

- NASA CR-134657
BAC Report No.8654-953005

FINAL REPORT
APPENDIX

NONDESTRUCTIVE TESTS OF
REGENERATIVE CHAMBE/&\

;\:\‘ﬂ L J f \

S _Z _ﬂ
G.A. MALONE g;;?a 3 ,m

: ;\‘.‘E\Q\ - e-nf

g 2% B
L. VECCHIES 3% T

v .:TJ- ‘;A l-- \\ {
R. WOOD "\_\ﬁ ~“ _'_v,f“."_.,.i-":

Prepared For
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

JUNE [974 |
CONTRACT NAS 3-16800

Bell Aerospace Company...... textron

POST OFFICE BOX ONE . BUFFALO. NEW YORK 14240



NOTICE

This report was prepared as an account of Government-sponsored work. Neither the United States,
nor the National Aeronautics and Space Administration (NASA), nor any person acting on behalf
of NASA:

A.) Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately-owned rights; or

B.) Assumes any liabilities with respect to the use of, or for damages resulting from the use
of, any information, apparatus, method or process disclosed in this report.

As used above, “person acting on behalf of NASA™ includes any employee or contractor of NASA,
or employee of such contractor, to the extent that such employee or contractor of NASA or em-
ployee of such contractor prepares, dissermninates, or provides access to any information pursuant to
his employment or contract with NASA, or his employment with such contractor.



t,

NASA CR-134657

Report No. 2. Government Accession No. ‘ 3. Recipient’s Qatamg Na.

4,

5. Report Date

Title and Subtitle
June 1974

Nondestruetive Tests of Regenerative Chambers - Appendlx B Performing Organization Code

8. Performing Organization Report No,

7. Author(s}
: ” - 5
G. A, Malones, L. Vecchies and R. Wocod BAC 8651 953000
- 10, Work Unit No.
9. Performing Organization Name and Address
Bell Aerospace Company 11, Contract or Grant No.
Divigsion of Textron ‘ ’
P.O. Box 1 NAS 3-16800
Buffalo, New York 14240 13. Type of Report and Period Covered

12,

Washingten, D.C. 20546

Sponsoring Agency Name and Address
Contractor Report

Naticnal Aeronautics and Space Administration 14. Sponsaring Agency Code

15.

Supplementary Notes

Project Manager, Rudolph A. Duscha, Chemical and Nuclear Rocket Procurement
Section, NASA Lewis Research Center, Cleveland, Chio

16.

Abstract

The cbjective of this program was to define the capablilities and limitations
of nondestructive evaluation methods to detect and locate bond deficiencies in
regeneratively cooled thrust chambers for rocket englines, Nondestructive
evaluatiion metheds used were those of demonstrated capability from previous weork
under Contract NAS 3-14376 (NASA Report CR-120980). :

Under this contract, flat test panels and .a cylinder were produced to
simulate regeneratively cooled thrust chamber walls. Planned defects with
various bond integrifies were produced in the panels to evaluate the sensitivity,
sccuracy, and limitations of nondestructive methods Lo define and locate bond
anomalies, Helography, accustic emission, and ultrascnic "C" scan were found
to yield sufficient data to discern bond quality when used in combination and
in selected sequences. PBonding technigques incliuded electroforming and brazing.
Materials of cconstruction included electroformed nickel bended to Nickel 20C
and OFHC copper, electroformed copper bended te OFHC copper, and 300 serles
stainless steel bragzed to OFHC copper. Variations in outer wall strength, wall
thickness, and defect size were evaluated for nondestructlve test response,

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

19, Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of Pages

Key Words (Suggested by Author(s)} 18. Distribution Statement

Nondestrucllive Tests Unclassified - Unlimited
Regenerative Chambers This is the second volume of a2 two
Metal Bond Integrity volume report. See Report No. NASA
CR-134456 for the first volume,

22. Price”

Unclagssified CUnclassified 143

“For sale by the Nationa! Technical Information Service, Springfield, Virginia 22151

NASA-C-1G8 (Rev. 6-71)




NASA CR-134657
BAC Report No. 8654953005

FINAL REPORT
APPENDIX
NONDESTRUCTIVE TESTS OF REGENERATIVE CHAMBERS

by

G. A. Malone
L. Vecchies
R. Wood

Prepared for
National Aeronautics and Space Administration

June 1974

Technical Management
NASA, Lewis Research Center
Cleveland, Chio

Chemical Propulsion Division

Rudolph A. Duscha

Bell Aerospace Company
P.O. Box 1
Buffalo, N. Y. 14240



CONTENTS

SECTTON A - TASK IT BOND STRENGTH VERIFICATION PANELS

Figure
No.
A-1

! I 1 :r?.
P D 003 O R T

U I |
O

g

T e I N
}

1
[
LW

A1k
A-15
A-16

ECTICN B - TASK III

Fipure
- No.

B-1

B2

Test

FPanel No,

N-08
N=07
N~20
N-05
C=07N
C-13N
C-14N
C~15N
C-02C
C-05C
€-10C
C-11C
B-03

B-Q7
B-10
B=-05

Test
FPanel No.

N-14

N-15
N-16

N-17

N-25
N=26
N-12
N-18
N=-22
N-273
N2l
N-10

N-Lly
Nelt5
N=27

N-28
N-lt3

Panel Description

EF Nickel
EF Nickel
EF Nickel
EF Nickel
EF Nickel
EF Nickel
EF Nickel
EF Nickel

on Nickel 200, Full Bond
on Nickel 200, Weak Bond
on Nickel 200, Weak Bond
on Nickel 200, Nonbond

on OFHC Copper, Full Bond
on OFHC Copper, Weak Bond
on OFHC Corpper, Weak Bond
on OFHC Copper, Nonbond

EF Copper on OFHC Copper, Full Bond

EF Copper on OFHC Copper, Weak Bond

EF Copper on OFHC Copper, Weak Bond

EF Copper on OFHC Copper, Nonbond

Brazed 304L S.5. on OFHC Copper,
Full Bond

Brared 304L S.S. on OFHC Copper,
Weak Bond

Brazed 304L S.S. on OFHC Copper,
Weak Bond

Brazed 304L S.S. on OFHC Copper,

Nonbond

STANDARD PANELS FOR EQUIPMENT CALIBRATICN

Panel Description

Ultrasenic

"ev Secan Thickness

Sensitivity- Nonbond

Ultrasonic

wen Sean Thickness

Sensitivity- Nonbond

Ultrasonic

"o" Sean Thickness

Sensitivity- Nonbond

Ultrasonic

Nonbond
Holography
Holography
Holography
Helography
Holography

"C" Scan Pressure Reqponse—

Stress Method= Nonbond
Stress Method- Nonbond
Bond Strength-~ Full Bond
Bond Strength- Weak Bond
Bond Strength-.Weak Bond-

Holography Flaw Size~ Nonbond

Holography Flaw Size- Nonbond

Acoustic Emission Bond Strength-
Full Bord

Acoustic Emission Bond Strength-
Weak Bond

Acoustic Emission Bond Strength-
Weak Bond

Acoustic Emission Nonbond Study
Acoustic Emission Nonbond Study

Acoustic E

mission Flaw Location

1

Pare

3

36
38
bo
L2

Ly
L6
I8
50
52
54
56
58
60
62

64
66
68



CONTENTS

SECTION ¢ - TASK IV NDE PANELS FOR EQUTPMENT LIMITATION STUDY

_ Electroformed Nickel Coverplates

Elocotroeformed Nickel Covearplates

Figure Test
No. Panel No,
C-1 N-11
c-2 N-20
Cc-3 N =730
Calt N=-738
C=5 N-31
Cub N=-32
Ca? N=-739
-5 N=-0O
CwmQ N=73
C=10 N3
c-11 Ne/L0
C~12 N-21
C-173 Nw36
Culls N=-37
C=15 Nl
C=-16 Na173
Ca17 N-1§
C-18 Nl 2
C-10 N-54
Cw20 N-57
C-21 N-58
1
C=22 ¢ -0D8N
C-23 C-28N
C=-24 C=-29N
=25 C=30N
C-2hA C-272N
C=27 C.-33N
0-28 C~=3LN
C-29 C-09N
C-=30 C-35N
C-31 C-36N
C=32 C~37N
C-33 C-06N
C=34 C~38N
C-35 C-39N
C-34 C-03N

Panel Description

Standard Flaw Area, Full Bond
Standard Flaw Areca, Weak Bond
Standard Flaw Area, Weak Bond
Standard Flaw Areca, Neonhond
Second Flaw Area, Weak Bond
Second Flaw Area, Weak Bond
Second Flaw Arzs, Nonbhoend

Coverplate
Coverplate
Coverplate
Caoverplate
Coverplate
Coverplate
Coverplate
Coverplate

Thickness, Full Bond
Thickneas, Wezlk Bond
Thickness, Weak Bord
Thicknesz, Nonbond
Strength, Full Bond
Strencth, Weak Bord
Strength, Weak Bond
Strength, Nonbond

Surface Flatness, Full Bond
Surface Flatness, Weak Bond
Surface Flatness, Nonbond
Land Width, Full Bond

Land Width

y Weak Rond

Land Width, Wonbond

Standard Flaw Area, Full Bond
Standard Flaw Area, Wealk Bond
Standard Flaw Arsa, Wealk Bond
Stendard Fiaw Araea, Nonhond
Second Flaw Aren, Wealk Rond
Second ¥Flaw Area, Weazal Rond
Second Flaw Area, Nonbond

Coverplate
Covernlate
Coverplate
Coverplate
Coverplate
Coverplate
Coverplate
Coverplate

Thickness, Full Bond
Thicknrness, Weak Bond
Thickness, Weak Bond
Thickness, Nonbond
Strength, Full Bond
Strength, Weak Bond
Strength, Weal Bond
Strength, Nonhond

on Nickel 200 Baseplates:

Page

70
72
7h
76
78
80
B2
84
36
Qg
STy
92
Qly
96
08
100
102
10k
106
108
110

on OFHC Copper Baseplateg:

[
e
o ON

— 3
™
N

2C
127
124
126
128
130
132
134
1736
138
140

Electreformed Copper Coverplates on OFHC Copper Baseplates:

Standard Flaw Area, Full Bond
Standard Flaw Area, Wealr Bond
Standard Flaw Area, Wealk Bond
Standard Flaw Arez, Nonbond
Second Flaw Area, Weak Bond
Second Flaw Area, Weak Bond
Second Flaw Area, Nonbond

C=37
C-38
€=-39
C-40
C-L1
C-l2
C-413

C-01C
C-16C
C-17C
C-18C
C-19C
C-20C
C=21C

2

142
144
146
148
150
152
154



CONTENTS

SECTION C - TASK IV NDE PANELS FOR EQUIPMENT LIMITATION STUDY
Figure Test

No, Panel No. Panel Description Page
Electroformed Copper Coverplates on OFHC Copper Baseplates:
C=Ihe C-04C Coverplate Thickness, Full Bond 156
C=lt5 G220 Coverplate Thickness, Weak Bond 158
C=lH C=273C Coverplate Thickness, Weak Bond 160
C=lt7 C-240C Coverplate Thickness, Nonbond 162
C-48 C-12C Coverplate Strength, Full Bond 164
C=49 C-250C Coverplate Strength, Weak Bond 166
G=50 C=26C Coverplate Strength, Weak Bond 168
C-591 C-27C Coverplate Strength, Nonbond ‘ 170
Stainless Steel Coverplates Brazed on OFHC Copper Baseplatea:
C=52 B-04 Standard Flaw Area, Full Bond 172
C-53 B-~18 Standard Flaw Area, Weak Bond 174
C-54 B-16 Standard Flaw Area, Weak Bond 176
C=55 B-08 Standard Flaw Area, Nonbond 178
C-56 B-20 Second Flaw Area, Weak Bond 180
C-57 R=17 Second Flaw Area, Weak Bond 182
C-58 R-09 Second Flaw Area, Nonbond 184
C-59 B-06 Coverplate Thickness, Full Bond 186
C-60 B-19 Coverplate Thickness, Weak Bond 188
C-hl B-15 Coverplate Thickness, Weak Bond 190
C=62 Ba11l Coverplate Thickness, Nonbond 192

REPRODUCIBILITY OF THE
CRIGINAL PAGE IS POOR



ELECTROFORMED PANEL NO, N-08

" BASEPLATE
Task II - Bond Strength MATERIAL: Nickel 200
Full Bond CENTER LAND FLATNESS VARIATION:
‘0,003 in, (0.0762 mm.)
0 THICKNESS s MM, INCHES
P Q) 63500 0.2500
. ©) 6.3525 0.2501
©) 6.2433 0.2458
@ 643500 - 0.2500
COVERPLATE
CD MATERIAL: Electroformed Nickel
THICKNESS: MM , INCHES
@) 1,4830 0.0584
@ 1.04453 0.0569
U U U ) 1., 5748 0.0620
0 & 0 temzz 0.0556
PRESSURE REQUIRED TQ FAIL BOND:
Land Widtn - 51750 mn. o 6,50 3 107 §/ng" (10,000 peL)

CENTER LAND DEFECT

No
Defect

METALLOGRAPHIC ANALYSIS:

Section showing unfailed full bond.
Magnification 50%, Note the presence
of two intentional plating steps in
the coverplate material next to the
bondline. The bonding rib edge at the
right hand side of the picture shows
evidonce of "edge bonding" whhiich often
sults in hirch acoustic emission

-counts. This can falsely idicate weak

bond when a full.bond is actually
present,

FIGURE A~
4
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Panel No, Na(O8

Summatlon x 101" | AE , .

T "T"'T Total count was '*
SN ,f, end of destruct- =
| dve tes‘t, =

1400

1200

1000

800

600

400 =

80 Db. gain and -
0. l MHZ fllter.

200 =

0 689 1378 2067 3756 3445 4134 4823 5512 6201 6890::104
0 (1000)(2000) (3000 (4000)(5000)(6000)(7000)(8000) (9000)(10, 000)

Pressure - NIM {PSI)

"HNDT | AE - UT

FLAW LOCA TOR
CENTER LAND

=
=
=
=
==
=
==
=
==
=
=
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ELECTROFORMED PANEL NO. N=07

BASEPLATE

Task II -« Bond Strength
Weak Bond

©

~\

v U Vv

®

Ixand Wid'th e 391750 MM

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:
0,007 in. (04,1778 mm,)

THICKNESS: MM, INCHES
©) 6.2433 0,24 58
0] 692433 024 58
©) 642306 02453
@ 6,2281 0, 2452

COVERPLATE

MATERIAL: Electroformed Nickel

THICKNESS: MM, INCHES
@) 1,364 0.0536

©) 1.3335  0.0525
©) 1,3462 0.0530
@ - 1.3614 0.,0536

PRESSURE REQUIRED TO FATIL, BOND:

(0,125 in.)

CENTER LAND DEFECT
A

31.750 mm,
(1 125 inb)

25,400 mm,
(1.00 in.)

4

ENNNANNNEN !

Bond failed at a pressure of
.69 x 107 N/m? (6,800 psi)

sl Failed weal hond,
{ Magnificaetion 50X,

(% Section of unfailed
¢ full bond adjacent
Y to planned weak

v bond area.

2% Magnification 50X.

FIQURE A-2
6



Panel No. N=07

Summation Xx 10"1
1600 "

A IR ERURE R N O AR
-ETotal count was
o 5,330 when leak
:.j;!.occurredo Panel '
et repaired and
;';".} failed at 6 800 o
T Pﬁi'" i . |l!i BRI IR

L l.,,_1 :"E‘:"

1400

1200

11000

800

600 - 4o SR e TR AR TRAY CRR BEIE )

400 Ebliiin

0 689 1378 2067 756 3445 4134 4823 5512 6201 6890 x 10°
0 (1000)(2000) (3000) (4000)(5000)(6000)(7000)(8000) (9000)(10, 000)

Pressure - N /M2 (PSI)

HNDT | AE . UT
FLAW LOCATOR
CENTER LAND




ELECTROFORMED PANEL NO, N-20

BASEPLATE
Task Il - Bond Sirength MATERIAL: Niclel 200
_ Weak Bond CENTER LAND FLATNESS VARIATION:
0.007 in. (0.,1778 mm,)
0 THICKNESS 3 MM, INCHES
| NG 6.,1976 042440
NN N i | ©) 6.1773 0.2432
©) 6.1773 0,2432
@ 6.1570 . 0.242h
COVERPLATE
C) C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@) 1.3132 0,057
@ 1.3614 0.0536
YRVRY ©)] 1.3792 0.0543
5 @ - 1.4376 0,0566
PRESSURE_REQUIRED _TO FATIL BOND:
. Bond failed at a ressure of
Land Width "'%5%322 o) 4.83 x 107 N/m% ( 5 000 ;sl)

CENTER LAND DEFECT MFTALLOGRAPHTF ANALYSIS:
"f“(\"HF T ; e Full bond arca, Motn
; initiation of bord
l tearing, Magnificetion
31,750 mm, - :
(1.25 in.) -
Ni
, © 200
w}_f%
| 1
25,400 mm.ij
(1,00 in, )
? §;4 . Section from weak bhond
_i“*f planned defect.
Magnification 50X,
v

FICURE A-3
8



Panel No., N-20

Summation x 10

1600 '_i'__‘_g';-

1400

1200

SR TR BE A BE N
R ERASE PRAES SRPEE BENE AR

T potal count was
41 7,630 when the . .
1 panel failled. ot

1000

800

600

400 il

200

i

0 689

0 (1000)(2000) (3000) {4000) (5000} (6000) (7000)E000) (900G(10, 000)

———— et - b -

i '.,4. o o

1378 2067 2756

3445 4134 4823 5512 6201

Pressure = N/M.2

{PSI)

04

HNDT

AE

FLAW LOCATOR
CENTER LAND

uT




ELECTROFORMED PANEL NO. N-05 "A"

Task II - Bond Strength
Nonbond
N N N
\/J J

Land Width - 3.,1750 mm,.

" BASEPLATE
MATERTAL: Nickel 200
CENTER LAND FLATNESS VARIATION:
0,006 in, (0.1524 mm,)
THICKNESS: MM, INCHES
©) 6.1722 0,2430
® 6.1239 0.2411
3 6.1544 0.,2423
@ 6.1468 10,2420
COVERPLATE .
MATERIAL: Electroformed Nickel
THICKNESS: MM. INCHES
@) 1,0973 0.0432
@ 1,1735 0.0462
(3 . 1.1357  0.0455
@ 1.1252 0.04L3
PRESSURE REQUIRED TO FAIL BOND:
Defect area hulged at a pressure
of 1,38 x 107 N/m% (2,000 psi).

CENTER LAND DEFECT.
) P : P} Yy
31.750 mm.
(1.25 in.)

A

1|

25,400 mm, b
(1.00 in, )}k

.

OF THE
REPRODUCIBILITY ’
ORIGINAL PAGE 13 POOR

el View of full

~%ﬁd bond area next
ﬁ}ﬁ* to the planned
: nonbond defect,
-~ .. & - :No failure is

= ~levident,
2 Yerr, .+ Magnification 50X,

4 Section from end

of planned nonbond
defect showing
separation of the
EF Nickel and
Nickel 200 surfaces.
Magnification 50X,

FIGURE A=4
10



REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR.

Panel No, N=05"A"

Summatxon (See Notes) AE
1600 . N I TEER SN TR EEE FEE FEH Eard R B
% BN BT f : Total count was f?ﬂ.
1400 ‘“”"“‘Cnrke ot 28,910 when thf —os
4 ﬁ°°““ts 1 nofbona wulgeds
1200 ot
1000
800 -
690 - o aoi
' Eoccurred her
400 R

0 689 1378l.206} 2756 3445 4134 4823 5512 6201 6890:{104

0 (1omm(zoom(300@(400@(5003(600@(700@@00@ (9000)(10, 000)
Pressure - N/M {PSI1)

HNDT | AE uT

Acoustic emission FLAW LOCATOR—

count was plotted with CENTER LAND
two multipliers to "
show the effect of the
narrow unplanned tack
bond along the left
side of the planned
nonbond, Curve A,
Curve B shows entire
count x 10~2 through
defect bulge and into
full bond failure
along the land
extremities,

11



ELECTROFORMED PANEL NO, C-O7N

BASEPLATE
Task 11 = Bond Strength MATERIAL: OFHC Copper
Full Bond CENTER LAND FLATNESS VARIATION:
- 0,004 in, (0,1016 mm, }
€) THICKNESSs - MM. INCHES
, ) 6.5735 0,2588
N | | 0) 6.5862 0.2593
©) . 6.620L 0.2610
) 6,5278 10,2570
, COVERPLATE
CD C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@) 1..4986 0.,0590
@ 1.5113 0.0595
U U . @), 1,4122 0,0556
& @  1.549 0.,0610
PRESSURE_REQUIRED TO FAIL BOND:
Land Width - 3.1750 mm Bond did ?ot fgil at a pressure of
¢ (6}125 in:) 6,90 x 107 N/mg (10,000 psi}

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

(‘\

EF  N1-»

No
Defect

».-«27.-1 L A e "

Section of center land showing full
bond after pressurization, No failure
was noted, Magnification 50X,

FIGURE A=5
12
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pane-li-‘I:Io.C-O'?N o
' Summation x 10~1
1600

T lrokal count was I
1 3,190 at the end ——:
of destructive

1400

1200

1000

800 -

80 Db. gain and
O 1 MHZ filter, =

600

400

3 1

200

o 689 1378 2067 756 3445 4134 4823 s 5512 6201 6390 x 102
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000){000) (900010, 000)

Pressure = N/NI2 {PSI)

HNDT LAE -UT

FLAW LOCATOR
CENTER LAND

e e
T e
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ELECTROFORMED PANEL NO, C=l

" BASEPLATE
Task II = Bond Strength MATERIAL: OFHC Copper
Weak Bond
. CENTER LAND FLATNESS VARIATION;
’ OQOO]. j.ﬂ. (00025“‘ mm.)
©) THICKNESS: MM, INCHES
A A @ 6.6294 0,2610
NN : ® 6.6218 0.,2607
© 6.6091 0,2602
) 6.6802  0,2630
O @ COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM . INCHES
© 1,3970 0.0550
@ 1.4021 00552
U U ), 1.3919 0.0548
® & - 1.356k 0.053%
PRESSURE REQUIRFED TO FAIL BOND;
i Bond failed at a pressure of
Land Width - 3,1750 mm, 2.76 x 107 N/m% (4,000 psi)
(0,125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

KN This panal was not metallurically scctiored,
The process used to produce the weak bond on

31,750 mm, this panel was not used in suhsequent panels,
(1.25 in,) . See results for panel C=14N, Figure A-7, for
the selected weak bond proce=ss,
%r‘;:
s
25.400 mm, 4‘/?
(1.00 in.):§
;:
¥ [

FIGURE A~6
T4



Panel No, C~173N

Summatmn X 10""1
1600 S R e P R S R N ""'"'il:.':: :.'.1f|:‘.:

e r-— -! W e R

g

Lot T Potal count was
17177 10,580 when T
e 'r‘:iz Overload occurr- | ..
ol ed, Panel fail- |"w
T[Ty ure followed, (R

1400

1200

1000

0 [T T

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890:cld
0 {1000) (2000 (3000) (4000)(5000)(6000) (7000)(8000) (9000)(10, 000)

Pressure - N/M {PSI)

AE UT
FLAW LOCATOR
CENTER LAND

HNDT

15



ELECTROFORMED PANEL NO, C~LG4R

Task 1I - Bond Strength
Weak Bond

o

MY

\J/

U
®

Land Width « 3.,1750 mm,

(0,125 in,)

" BASEPLATE
MATERIALs OFHC Copper
CENTER LAND FLATNESS VARIATION:
0,005 in, (0,1270 mm
THICKNESS: MM . INCHES
QD 65786 0.2590
C) 6.6294 0,2610
CD 6.5329 02572
@ 6.6802 - 0.2630
COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM . INCHES
C) 1.4173 0,0558
@ 1.3919  0,0548
C) 1.4148 06,0557
@ © 13614 0.,0536
PRESSURE REQUIRED TC FATT, BOND:
Bond failed a8t a pressure of
2.55 x 107 N/m% (3,700 psi)

CENTER LAND DEFECT
~

31,750 nmi
(1.25 in,)

25.400 mm,
(1.00 in,)

1

NN

OFHC
Cu

=~

METALLOGRAPHIC ANALYSIS:

_ Seection of baseplats
fg portion of planned
ﬁ%; weak bond, Minor
éﬁ metal disturbance
L .fﬁ indicates a wvery
e g%’i weak bond, Magniii-
j‘t" . cation 50X, Nickel
EgTi

VAR 'ig‘w; out of VlPW.

Section of bhaseplate
A portion of planned
g ull bond next to

D \E *tearlng was noted
:3“*3 - " in this region.
£y Magnification 200X,

ff]i; ;}1 Qﬁfﬂ/4%\ﬁ

- IGURE A&7
16



Panel No. C-14N
Summation x 101 AE

1600 -

1400

1200

Total count was
. 19,620 when the
i panel falled.

1 = j nlm L.. l ..L._. N r M

1000

800

600

400

200 —

0 689 1378 2067 2756 3445 4134

4823 5512 6201 6890 x 10

0 (1000)(2000) (3000) (4000) (5000)(6000)(7000)(8000) (9000)(10, 000)
Pressure - N/M {(PSI)

HNDT ' AR
- FLAW LOCATOR
CENTER LAND

17

UT




ELECTROFORMED PANEL NO, C=15N

BASEPLATE

Task IT - Bond Strength | MATERIAL: OFHC Copper
Non-bond CENTER LAND FLATNESS VARIATION:
0,003 in, (0,0762 mm,)

€) THICKNESS: MM, INCHES

_ | @ 6.6853 0,2632
1N | - @ 6. 6497 0,2618

- ©) . 6.,6802 042630

@ 6.6294 0.2610

@ ® COVERPLATE
' MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES .

@) 1:,4021 0,0552

- @ 1.5037 0.0592

VU U NG 1,3995 0,0551

) @ - t.ha27 0,0568.

PRESSURE_REQUIRED TO FATL BOND: -

- _ Bond fajled at ,2 pressure of
Land Width - 3,1750 mm, 2.76 x 107 N/h. (4,000 psi).
(0,125 in.) Bulging started at approximately
2,07 x 107 N/m2 (3,000 psi).

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

Sectiorn of baseplate
in planncd nonbond
area. Coverplate

2 1s bulged out of view,
w Magnification S0X,

31,750 mm,
(1.25 in.)

25,400 mm,
(1,00 in.) -

Section of bazseplate
in planned full bond
region next to the
nonbond, Failure of
nonbond propagated

~ into this region,

» Magnification 50X,

»

FIGURE A-8
18
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Panel No,

C-1 5N

Summation x 10
1600 °

600

400

-1

B X : S BAE
R : N T

e e b e e

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x1
0 (1000)(2000) (3000) (4000) (5000) (6000)(7000)(8000} (9000)(10, 000)

Pressure - N/M (PSI)

1 R St FFE HE R B V) EES O

“Potal count was i
' 13,840 when the _.

e panel falled. i

C

4

HNDT

AE

FLAW LOCATOR
CENTER LAND

3
!
.;.I
i
A
i

Lawm &

T
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ELECTROFORMED

PANEL NO, C-02C

BASEPLATE

Task II1 « Bond Strength
Full Bond

©)

\/
Land Width - 3,1750 mm,
(0.125 in,}

MATERIAL: OFHC Copper

CENTER LAND FLATNESS VARIATION:
0.002 in, (0.0508 mm,)

THICKNESS: MM, INCHES
0] 6.7259 0.2648
©) 6,7310 0,2650
©) 6.7310 0.,2650
@ 6.7310" 10,2650
COVERPLATE

MATERIAL: Electroforhed Copper

THICKNESS: MM, INCHFS
@ 1.3157 0,0518
@ 1.3284 0.,0523
©) 1:295k 0.0510
® 14,3284 04,0523

PRESSURE REQUIRED TO FAIL BOND:

CENTER LAND DEFECT

N ercu 070

OFHC -
Cu L7
EF Cu .
No bW
Defect {ﬁ

Bond failed at a pressure of
6438 x 107 N/m%2 (9,250 psi)

METALLCGRAPHIC ANALYSIS:

Section showingz
unfajiled full
bond after test.

Magnification 50X,

iSection of failed
ull bond after

estructive test,
Magnification 50X,

i S Nalh i)
£ oy, [0S

FIGURE A=G

20



Panel No, C=02C

1600

Summatlon x 10

S S DR l

o

7,

5 f’Total count was ;fﬁé

R panel failed.

060 when the

600

400

80 Db gain and
O 1 MHZ fllter. o

200

e W

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10%
0 {1000) (2000 (3000} (4000)(5000)(6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M

(PSI)

- HNDT

AE
FLAW LOCATOR
CENTER LAND

21




ELECTROFORMED

PANEL NO, C=05C

BASEPLATE

Task II « Bond Strength
Wealk Bond

©)

®

JE—

b
‘-

{
31.750 mm,
(1 .25 in.)

25.400 mn,
(1.00 in. )

4

ANV

MATERIAL: OFHC Copper
CENTER LAND FLATNESS VARIATION:

0,004 in, (0,1016 mm,)
THICKNESS: MM . TNCHES
) 64262 0.2530
® 6. 4745 0.2549
©) 6.4719 0 2548
@ 6.11186 0.2527
COVERPLATE .
MATERIAL; Electroformed Copper
THICKNESS: M., INCHES
©) 1.2929 0.0509
@ 1.2268 0,0483
©) 1.2421 0. 0489
@ 1..2827 0.0505

PRESSURE REQUIRED TQ FATIL BOND:
Bond failed at a pressure of
1.86 x 107 N/m2 (2,700 psi)

METALLOGRAPHIC ANALYSIS:

Section shewin-
unfailed full hond,
Magnification 5CX.

¥
.
L

Section of weak
bond aTter failure,
Magnification 50X,

FIGURE A-10
22



panel No. C=05C - | T
Summatxon x 10"'1 L CAE - A
1600 ' 7 T ';:.:;'i::’f_:;‘(:!f:':ii' SN LR EEIT
;.-'__"‘:‘.‘::l;'iil;L.;le.;:l....i. b

"Total count was

141 880 when the
panel falled.

1400

1200

1000

800

600

400

L RN P
P

!

1—

80 Db. gain and =
e 0.1 MHZ filter. 1
‘ i EE e e
689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10t

(1000) (2000) {3000) (4000) (5000) (6000) (?000)(8000) (9000)(10, 000)
Pressure = N/M {PS])

HNDT AE . UT

FLAW LOCATOR
CENTER LAND

=
=
L~

b

-

23



ELECTROFORMED PANEL NO, C-10C

BASEPLATE
Task II = Bond Strength MATERIAL: OFHC Copper
) Weak Bond CENTER LAND FLATNESS VARTIATION:
0,003 in, (0,0762 mm,)
C) THICKNESS: BM , TNCHES
{ _ . Q) 6.5735 0,2588
18 0) 6.5735 0.2568
C) &,6269 0.2609
@ 6. 5303 0.2571
() C) COVERPLATE
MATERIAL; Electroformed Copper
THICKNESS: MM . INCHES
© 1.2852 0,0506
@ 143157 0,0518
U U Y ©) 12700 0.0500
& i (p -+ 1.3589 0,0535
PRESSURE REQUIRED TO FAIYL POND:
. Widtl 3,170 Bond faliled at a pressure of
sand Width - 3,1750 mm. 107 2 (c nai
(60125 in.) _3.80 x 107 N/m% (5,500 psi)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
TN BF Cueewrsmmmemny st peramyn oot Bl hond ares of
2 - ; lond showing no

, bond failure,

. ar )
31,750 g  Magnification 50X,

(1.25 ind)

i
| /J :
T

7 ;
Fh OFHC
25,400 mm 2\ - G s
(1.00 in.)} e .
i 2‘ LTF -Cul . Sertion of weak bond
R planned defact. Bond

Tailurse occurred,
Marnification 50X.

R R

LR
A O e A

Qé?’ FIGURE A=11
&5 |
a5 . 2l




Panel No, C=10C
Summation x 101  AE . T

1600 : : e T T T T T T T
.._,r‘»a}l:a;:l;:.a‘\*iil b g

i1 Total count was i

WLl 4,780 when the
L panel failed.

800
600
400
X 200 - 80 Db gain and 4
' 0,1 MHZ filter g
o iEEp R EE e e
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890:{104
0 (1000){2000) {(3000) {4000) (5000 (6000)(7000)(8000) (9000){10, 000) -
Pressure - N/M {PS5I)
HNDT AE uT
FLAW LOCATOR
GCENTER LAND
i
o _ 25




ELECTROFORMED PANEL NO, C-11C
BASEPLATE
Tavk II - Bond Strength MATERIAL: OFHC Copver
. Non-bond CENTER LAND FLATNESS VARIATION:
0,003 in, (0,0762 mm,)
©) PTHICKNESS: MM. INCHES
) 6.5380 0.257h
1NN 0) 66040 0.2600
®) 6,5811 0.2501
@) 6.5913 0.2595
0 @ COVERPLATE |
- MATERIAL: Electroformed Cppper
THICKNESS: MM . INCHES
@D 1.3233 0. 0521
@ 1.2776 0.0503
LU ®) 1.2624 0.,0497
3 _ ) 1.,2675 0.0499
PRESSURE _REQUIRED TC FAIL BOND:
Bond failed at a pressurc of
and Width - 3.,1750 mm, 1.04 x 107 N/m% (1,500 psi)
\ (0.125 in.) /w5 {1,500 p
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
e~ ST 7 e B
S EF '('-"’; ‘_-;FHH hond rrop

-3

i
31.750 mm,
(1.25 in,)

25,00 mm,
(1.00 in.)

|

o

. v, s
i > RE: KA S PRI
e e Yen o f D ke e ST e

“tu

FICURE A-12
26

showing no failure
after test.
Mrgnification 50X,

5 Planned nonhond
4 which separated as

expected during
pressurization,
Marnification 50X,
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BRAZED PANEL KO, B-03

BF?“PLATb

Task I1 = Bond Sitrength
Full Bond

[

oL@

Area of -
Failure <

/

/

U
———-—-J

©

Land Width - 3.,1750 mm,
t {09125 inu)

&
e

MATVRIAL‘ OFHC Coprer

THICKNESS: - MM, INCHES
D  6.5735 0,2588

@ 6.5405 0,2575

@G 6.5913 0.2595

0 6.5126 0.2564

COVERPLATE

MATERIAL: “0LL Shedrlece Sieed

THICKNESS: MV, INCHES
1.2243 0,0482

2 1.2268 0.0183

3 1,2268 0,0483
1.2243 0.0482

PRESSURE REQUIRED T0 FAIL BOND:

Panel failed a1 a nressure of
2.76 x 107 N/m% (4,000 psi).

CENTER LAND DEFECT METALLOGRAFPHIC ANALYSIS:

=

04T,
SS

Full bend showing

no failure,
amall volds in the

W

No
Defect

Ff,.
N LAY
. T 1 &
‘%;3&
OFHC - = 2 i
Cu A

K"h “I.l f;’rr -"~ o
- ,-- B At R
Y, T e
"‘1“\ {‘Q) -t ."-‘ o ;!'rxv - x
N Rl ML, o

-k
\;‘/,..
%
/

o

‘, : '(:"';,'»‘ f’”{“é{;;_ e l v
- e AL Sy O
o S
5

i

o Lo AT
I T

FIGURE A-13
28

Note

braze layer
Magnification 50X,

" Bond failure secticn
illustrates separat-
ion occurred through
the braze alloy.

> Magnification 50X,
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Panel No, B=03 N

Summatxon x :LO"'1 ) oA s
L N Tt R T T
gl

1400 - S -
ST Sy I braze bond

il failed,
1200 —~ o el S

1000

800

600

~ 400

80 Db. gain and X
0.1 MHZ filter.

200

R R I e b .
DGt L e N e L]

0 689 1378 2067 2756 3445 4134 4823 5512 6201 68903{10
(1000) (2000) (3000Q) (4000) (5000) (6000) (?000)(8000) {9000)(10, 000)

Pressure = N/M {PSI)

HUNDT (Before AE) ' AE

FLAW LOCATOR
CENTER LAND

Press. 6.0 x 107 N/WZ T29
- (100 PSI)




BRAZED PANEL NO, B-07

BASEPLATE

Pagk II -~ Bond Strength KATERIAL: OFHC Copper
Weak Bond . :
THICKNESS: - MM, INCHES
)] 66497 0,2618
@) 6.6599 0.2627
3) 6,6650 0.2624
10, 6.6878 0.2633
COVERFPLATE '
/O ERTAL: 304L Stainless Steel
THICKNESS: N, INCHES
(;) 1,2217 0, 0L81
o 1.2217 0.,0481
(@} PRESSURE REQUIRED TO FAIL BOND:
- Bond failgd at?a pressure of
. oo . 3!!6..6 x 10 N/Tﬂs {5;300 pSi).
Land Width - 361750 WT° Coverplate actually buckled
(0.125 in.) without bond failurc.,
CENTER TAND DEFLCT METALLOGRAPHIC ANALYSIS:
—— 7
T Thic pavel wan not acetionsd for motallursieosl
examination., The proce=ss used to produce the
31,750 mm weak bond actually resulted in a full braze
(1 5% in 3 bond, See Panel B-10, Fipure A-15, for resultrs
CeTe s of the process salected,
/
/
25,400 mm, V)
(1.00 in.):?
| Y THE
RR7 Rm"RODUCIBILIgYISOgOOR
ORIGINAL PAG
.

FICURE A-14
30



| Panel No. B=07

Summati:)n x 1
1600 °

sl L R R T el i i,.vm
| 9,620 when the
S weak braze bond |
| failed. ok

1400 i

1200

1000

800

600

400

R ) il ol Sl Gl ‘S Wi S KR T B oo g L L B

0 689 1378 2067 756 3445 4134 4823 5512 6201 6890 x 1¢*
0 (1000)(2000) (3000) (4000) (5000) (6000) (700C)E000) (9000)(10, 000)

Pressure = N/l\.ﬂ[2 {P5I)

HNDT AE UT
| - FLAW LOCATOR
CENTER LAND

— | 3



BRAZED PANEL NO, B-10

BASEPLATE

Task II = Bond Strength
Weak Bond

COVERPLATE

THICKNESS:

(L)
(2)
©
()

MATERIAL: OFHC Copper
THICKNESS: -

MM, INCHES
6.5532 - 0.2580
6.,5227 0,2568
6.6675 0.2625
16,6192 0.2606

MATERTAL: 3041 Stainless Steel

MM INCHES
1.2243 C,0482
1.2268 0.,0483
1,2268 0.0483
1.2268 0,0483

" PRESSURE _REQUIRED TO FATL BOND:

31,750 mm,
(1.25 in,)

25,400 mm,
(1.00 in.)

L

o

NNNNRNNNY

Bond failed at a pressure of
1,28 x 107 N/m2 (1,850 psi).

METALLOGRAPHIC ANALYSIS:

Sectlon showing
full bond adjacent

- to the planned

weak bond.

Ni Magnification 50X.

. Section from the

i planned weak bond
i area showing regions
{ of poor braze wetting

of the Stainless
coverplate,

Y™ Magnification 50X,

FIGURE A-15
32



anel No.

B-10

1400

1200

1000
800
600

400

200

1600 "=

Summation x 107} AE

689 1378 2067 2756 3445 4134

4823 5512 6201 6890x104

(1000) (2000) (3000) (4000) {5000) (6000) (7000)8000) (90001, 000)
Pressure - N/M (PSI)

"HNDT (Before AE) . AE

FLAW LOCATOR
CENTER LAND

Press,- 20,7 x 10° N/m‘ﬂ .33
(300 PSI)

uT




BRAZED PANEL NO, B«05

BASEPLATE

Task II - Bond Strength MATERIAL: OFHC Copper
Non<hond ,
- THICKNESS: - MM, INCHES
@O  6.6523 0.2619
(:) 6.7183 0,2645
©) 6.,6396 0.2614
@  s.6777 0.2629
COVERPLATE
MATERIAL: 304 Stainless Steel
(:) ' (j) THICKNESS: MV . INCHES
1.2268 0,0483
2 1.2268 0.0483
3) 1.22473 0,0482
U A ‘ 1.2268 0,0483
| (j) PRESSURE REQUIRED TO FATL ROND:
‘ : Panel failed at a pressure of
Land Width = 3.,1750 mm., 0,83 x 107 N/m% (1,200 psi).
{0,125 in.)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

M ‘ - )
04T, . o Section from full
S5 . . : bond adjacent to

31.750 mm S ‘ - ! the planned non-

(1.25 in, ﬁ// ';;'"f‘.m3Q§féﬁfﬁ*ﬁﬂw*ﬁu bond. Some braze
‘ ) f . \

failure was init-
& N4 Magnification 50X,
25,1000 mm,

iated.
(1,00 in.)

L

e W

" Illustration of

* separation which
occurred in the
planned nonbond,
Magnification 50X,

; v ) .w%x’ia:f:\‘ﬁ
FIGURE A=16
34




 Panel No. B~05

Sununanon X 10
1600 : Sy

TR T T T
el oy N B RE TRRE LA T Y
Gk J.I.lll. "l ::..11..:..|'1;.L‘,‘,,,

i

5Tota1 count was.

};[”220 when braze ‘ﬁﬁ
"Trstarted to fall. ‘

i :

0

E*’;;-, ls_,_;__f_*{" ¥ iagicee GHl it il il et
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x10
0 (1000) (2000) (3000) {4000) (5000 (6000)(7000)(8000] (900010, 000)

4

Pressure - N/M (PSI)

HNDT (Before AE)

Press. 3.45 x 102 N/M<
(50 PSI)

"'FLAW LOCATOR

AE UT

CENTER LAND
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ELECTROFORMED

PANEL NO, N-14

BASEPLATE

Task IIT

- Uliragonic

llCll

Sean - Nonbond

©

A A

Land Width -

y
®

3.1750 mm,
(0,125 in,)

MATERIAL: Nickel 200

CENTIER LAND FLATNESS VARIATION;
0,003 in (0.0762 mm,)

THICKNESS: MM, TNCHES
€ 6.2789 0.2472
@ 6.2763 G271
() - 6.2738 02470
() 6,271 7 0,269

COViERPLATE

MATERIAL: Electroformed Nickel

THICKNESS: M, INCHES
©); 0.4978 0.0196
@ 0. 5055 0.0199
©) 0.5105 0.0201
) 0.5359 0.0211

CENTER TLAND DEFECT

12,700 mm!

(0,50 in,)

4

12,700 mm.
(0450 inl%
12,700 mm’

(0.50 in,)

A

12.700 mmy
(0.50 ih.%

12,700 mmt
(C.50 inli_
12¢?OO Mt ¢
(0,50 in.)

12,700 m*&

me

(0.5O.in:i_

=

1]

1]

Slet 3,1406
Space 33,2004
Slot 3.1750
Slot 1,62586

Space
Slot
Slct

Space
Slot
Slot

Space
Slot

1,6256
1.6510
0,7620
00,8890
0.7620
0,1016
C.1524
0.,1016

Slot 0,2032

Space
Slot
Slot

Space
Slat

0.7112
00,2032
0.3810
.',O . 3302
" 04064

mmMe

mm.

mm .
mm,
me
mm,
mm,
mme,
mm,
mm.,
mn.
mm.,
MM »
mm,
mma.
M«
mm,
mm,

(0,174 1

METALLOGRAPHIC ANALYSIS: Not Anplicable

(0,126
(0,125 1
(0,064 i

{0,064 i
{0,065 i
(0,030 i
(0,035 i
(0.030 i
(0,004 3
(0,006
(0,004 3
(0,008
(0,028
(0,008
(0,015 i
(0,013 i
(0,016 i

FIGURE Bl
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All

slotas were

produced by electric
discharge machining
to a depth of

002514— mm,

(0,010 in.}



ULTRASONIC. "¢" SCAN STANDARD

PANEL N-14, COVERPLIATE THICKNESS 0.5080 mm. (0.020 in.)

THRU-TRANSMISSION METHCD

REFLECTOR METHOD

. PULSE ECHO METHOD

PULSE ECHO METHOD

50 W Pulser Re-

ceiver
2C MHZ

10 N Pulser Receiver

10 N Pulser Receilver

Receiver

HRL Pulser

20 MHZ Medium

10 MHZ Medium

10 MHZ Medium

Medium
rFocused Transducer

Focused Transducer

Focused Transducers

Focused Transducer

M R A,

W%WOUGOEFE OF THE
ORIGINAL PAGE Hm POOR

Fa..
Lt
.".m,‘. .

5%
R R e

i % Bk b

R AR

i b B RS I D T _:ﬁxi, o

_gﬁgﬁkﬁ.

“§333¢¢§;§$%&ﬁf_ Ay
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ELECTROFORMED

PANEL NO, N-15

BASEPLATE

Task 111 « Dltrasonic

"Cll

Scan - nonbond

€

N M

Land Width

U
®

-

3,1750 mm,
(0.125 in.)

CENTER TAND DEFECT
o
12,700 mo,
(0,50 ing) s Slot
~-—1"1 Space
12.700 mm, b Slot
(0,50 in.)L S1lot
'_uﬁ' Space
12,700 mm, I']  Slot
(0.50 in,) Slot
-§—-[i] Space
12,700 mm, Slot
(0.50 in,) Slot
_}_ -l Space
12,700 mm, Slot
(0450 iny) Slot
—¥—{d Space
12,700 mm, 5]ot
(0.50 in,) Slot
~Y--fz3 Space
12,700 mm, 5% a1

(0,50 in.)
i 2

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:

0.007 in,
THICKNESS:

@
@
©)
®

COVERPLATE

(0.,1778 mm., )

MW, INCHES
6.,2789 0.2h72
6.2759 0,2472

6.72611 0.246%5
6.2611 0,20675

MATERIAL: Electroformed Nickel

THICKNESS:

®

@O

MM ., INCHES
1.01858 0,0401
1.0084 0.0397
1.0135 0.0399
0,9728 0,0383

METATLOGRAPHIC ANALYSIS: Not Anplicable

3.1750
3.2004
3.1496
1.6256
1.5748
1.6256
0.7874
0,8128
0,7874
0,1016
0.152)
0.,1016
0,2286
0.3302
0.2032
0. 4064
0.3810
00,4064

MM .
mm .
mm,
MM .
mm,

(0,125 1
(0,126
(0,124
(0,064 3

(0,062
(0,064
(0.031
(0,032
(0,031 i
(0,004 i
{0,006
(0,004
(0,009 i
(0,013 i
(0,008 3
(0.016
(0,015 1
(0.016 1

mm.,
MM «
mm .
mm,
mm .,
mm,
mnm.,
mme,
mm,
mm,
mmm,
HI
{1

FIGURE B=2
38

All slots were
produced by electric
discharge machining
to a depth of

0.254 mm, (0,010 in,)



ULTRASCNIC

"C" SCAN STANDARD

PANEL N-15, COVERPLATE.THICKNESS 1.0160 mm. (0.040 in.)

THRU-TRANSMISSTON METHCD

REFLECTOR METHOD

PULSE ECHO METHOD

10 N Pulser Recelver

10 N Pulser Receiver

PULSE ECHO METHOD

HRL Pulger Receilver

50 W Pulser Re-

celiver

20 MHZ Medium

10 MHZ Medium

10 MHZ Medium

20 MHZ Medium

Focused Transducer

Focused Transducer Focused Transducers

Focused Transducer

! %@ﬁ%&
_ﬁﬁg%;m
[—

%ﬁ W ﬁ

39
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ELECTROFORMED PANEI, NO. N-16
BASEPLATE
Tank TT1T - Ultrazsonic "C" MATERIAL: Nickel 200
. Scan - Nonbond CENTER LAND FLATNESS VARIATTION:
0,004 in, (0.1016 mm.)
() THICKNESS: MM, INCHRES
) 6.2890 042176
M .
NN N ©) 6.2611 0.2465
©) 6. 248k 0. 2060
C) 6.7 640 0, 2047
) ® COVRERPLATE
MATERIAL: Electroformed Nicke)
THICKNESS: MM , INCHES
D 1.4529 0.0572
@ 1, 4884 0.0586
YRVRY: ©) 1.5L69 0.0609
@ @ 1.4910 0.0587
Lahd Width - 3.1750 mm.

: (0,125 in.)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS: Not Applicable

.!‘...A-h
12700 ey,

(0,50 dn.) ko Slot 3,1495 e, (0.124 in,)

4—1.] Space 3.2000 mm. (0.126 in.)
12,700 mm, fu lot 3.1750 mm, (0,125 in., )
(0.50 in.) LJ Slot 1.6256 mm, (0,064 in,)

Y- Bpaen 1,6256 mm, (0.064 in, ) A1l slots were
12.?00‘mm; 1 Slot 11,6256 mm. (0,064 in.) produced by electric
(0,50 Jn.) | Slct 0,7620 1mm, (0,030 in,) dischargse machining

J--[5] Space 0.8636 mm. (0,034 in,) to a depth of
12,700 nm, Stot 0,7620 mm. (0.030 in,) 0.254 mm, (0.010 in,)
(0,50 in,) Stot 00,1016 mm, (0,004 in,)

¥—[=1 Space 0,152 mm, (0,006 in.)

12.700 mm. Slet 00,1014 mm, (0,004 in.)
{0.50 in.g Slot 0,1778 mm, (0.007 in.)
-Y- Spece 0,1778 mm, (0,007 in.)
12,700 nm, Slot 0,2032 mm, (0.C08 in.)
(0.50 ln.) 5lot 0,3810 mm, (0,015 in.)
~Y~a1 Space 0,.3302 mm, (0,013 in,)

12,700 mm, SYot 0,406 mm, (0,016 in,) -

(0,50 in.)
Y

FIGURE B=-3

4O



T

ULTRASONIC "C" SCAN STANDARD

PANEL N-16, COVERPLATE THICKNESS 1.5240 mm, (0.060 in,)

PULSED ECHO METHOD PULSE ECHO METHOD THRU-TRANSMISSTION METHOD

50 W Pulser Re- HRL Pulser Receiver 10 N Pulser Receiver
ceiver - - '

20 MHZ Medium 20 MHZ Medium 10 MHZ Medium
Focused Transducer Focused Transducer  Focused Transducers

%ﬁ@ .3
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SR
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REFLECTOR METHOD

10 N Pulser Receiver

10 MHZ Medium
Focused Transducer
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ELECTROFORMED PANEIL NOQ, N-17

: BASEPLATE
Pask 11T - Wtrasonic "C" MATERIAL: Nickel 200
_Sean Pressure Response - CENTER LAND FLATNESS VARIATION;
Nonbond 0,008 in, (0.20732 nm,)
©) THICKNESS: MM, INCHES
. D 6, 2499 0. 2459
- .
10 N ©) 6.2357 0,255
3 6.1900 0, 2477
@ 6.2230 02050
C) () COVERPLATE
MATERTAL: Electroformed Nickel
THICKNESS: MM , INCHES
@ 0.5517 0,0217
@ 0.5232 0.0206
U U U ) 0.5791 0,0228
® ® 0.5385 0.0212
Land Width - 3.1750 nm,
(0,125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSTIE: Not AppWinah]“'
) ALY o the helew plerred deofreta nre 3n dntisnde
12.EUG_MHO covtact with the olectrolforred coverplote,
(.50 iny) | 2 areas 1.,5748 mm, long x 1.2700 rn, widc
- (0.062 in,) (0,050 in,)

12,700 mm,
(0.50 In,)

__l)“__.. el
12.705 mm,
(0.50 ing)

Area 1.5748 mni, long ¥ 4+ land width

(0,062 in.)

V4 Area 2.1750 mm, long x I land width
N 0.125 in,

12,700 mo, (0,125 in.)

(6,50 JntJ i Area 6.3500 mm,. long x 3 land width
o b (0.250 in,)

12,700 mm,
(0.50 jﬂt) 1
N (

12,700 mm,
(0,50 j“y) A Areca 3
(

Area 41,5748 mm, lerng x land width

0,062 in,)

1750 pm, long x lznd width

12,700 m. 125 in,)

(0.50 in, )}
R,

I"IGURE B-4
12



ULTRASONIC PRESSURE STUDY - PANEL N-17

COVERPLATE THICKNESS 0.5334 mm. (0.021 in.)

PULSE ECHC METHOD

2.07 MN/m.2 11 MN/m.2 3,11 MN/m.°

3.
(300 PSI) (450 PSI) . (L50 PST)

Low Gain Low'Gain

Only the long defect (with respect to land edge) showed response to pressure.



ELECTROFORMED PANEL NO,

N~25

BASEPLATE

Task 111 -~ Helography Stress

Methnd - Nonmbond

©)

M)

J W

®

land Width

g 3.1?50 mmn
(0.12

5 in, )

)
-

MATERIAL: Nickel 200

CENTER LAND FPLATNESS VARTATTIONG
0,003 in, (C.0762 mm,)

CENTER LAND DEFECT
TETM

15700 o,

(0,50 Ana) |1 gy g

12,700 mn’

(0.50 3na) | gy0s

12.700 mmg

(0050 902 4 | Hore

12,700 mm,

(0050 an2 | | g1
‘?fj‘ b “lot

12.70(} Tm’:‘]l

(0.50 in, tot
L st

%2.?00 mm§

0.50 in,
i f Slot

12,700 mm, ”
ERY

0, 7874
(0,031

THICKNESS: MM, TNCHES
) £.2509 0,2461
() 6.2506 0.2061
() 16,1976 0. 200
O 6.2505 0. 2hE]

COVIERPLATE _

MATERIAL: Electroformed Nickel

THICKNESS MM . INCHES
©) 1,020L90 0.0561
() 1,4732 0.0580
G 1.5189 0. 0568
Q) 1.5418 0, 0607

METALLOGRAPHIC ANALYSIS: Not Applicabile

mm, long
in,)

FIGURE B-5

Ly

mm. lorg x % land wid<h

in.)

mm., long ¥ & land width
> in, )

M, léng : 1,5748 mm,

in.) (0,062 in.)

rm, Jong x land width

in,)

mm, lorng x land width

in.)

¢ land width -

ir larnd center

A1l slotz were
produced by -
electric dis-~
charge machin-
ing to a depth
of 0.254% mm,
(0.010 in.)



TASK IIT - HOLOGRAPHIC STANDARD PRESSURE STUDY: N-25
. 059" ELECTROFORM NICKEL COVERPLATE

8.62x105 N/M2 12.0?x105 N/M2
(125 PSI) (175 PSI)

15.5x105 N/M2 31.0x10° W/M°
(225 PSI) (450 PSTI)



ELECTROFORMED PANEL NO, N-26

BASEPLATE
Tuask ITI - Holography Stress | MATERTAL: Nickel 200
. Method = Nonbond CENTER LAND FLATNESS VARIATTION:
0,003 in, (0,0762 mm, )
€) THICKNESS: MM, INCHES
: @ 6.1773 04 2132
AN -
1141 N - © 6.1722 0,2430
©) 6.1671 0.2028
O 6.1773 G.25732
Q) ® COVERPLATE
- MATERIAL: Flectroformed Nickel
THICKNESS: MM, INCHES
@) 0, 5080 0.,C200
@ 0.5385 0.,0212
U U U ©) 0. 5080 0,0200
® ) 0.5334 0,0210
Land Width - 3,1750 mm,
' (0.125 in.
CENTER TLAND DEFECT METALLOGRAPHIC ANALYSIS: Not Applicabhle
12700 m%&(ﬂ SYet 07870 rme dovg x4 lond width
(0,50 in,) (0.031 in,)
12,700 mm,
(0,50 in.)| | Stot 1.5748 mm, long x ¥ land width
f— | = (0,062 in.)
12,700 mnm.
(0,50 1n£) o Hole 3.1750 mm, long x 1,5748 mm, in land center
~X— i (0,125 in,) (0,062 in,)
12.700 mm, A1
(0,50 in,) Slot 0.7874 mm. long x land width 1.3S]S§sbwere
Y e (0,031 in.) produce ¥
12.700 mh, * d electric dis-
(0,50 in,) charpe machin-

Slot 1.5748 mm. long x land width 5 o 30 0 0th

.062 in,} of 0.254 mm,

12,700 min, EIREEE IR
Ao
(0,50 lnf)E§ Slot 3.1750 mm, long x land width -0 el

e
H
=)
S
N

5 . ) qq .
12.700 mi. o {0125 in,)
(0.50 in,)
RN

FI1GURE B-6
L6



TASK III - HOLOGRAPHIC STANDARD PRESSURE STUDY: N-26
.020" ELECTROFORM NICKEL COVERPLATE

=5 i
I) 17.25x10° W/M™
(250 PSI)

31.0%102 W7
(450 PSI)




ELECTROFORMED

PANEL NO, N=12

BASEPLATE

Task I1T - Holeography Bond
Strength - Full
Bond

©)

ATEANES

®

Tand Width - 3,1750 mm,

(0,175 in.)

CENTER LAND DEFECT

a

No
Defect

MATERIAL: Nickel 200
CENTER LAND FLATNESS VARIATION:

0,001 in, (00,0254 mm,)
THICKNESS MM, INCHES
©) 6.2408 042157
() 6.2306 00,2457
©); 6,21 50 0, 2007
(D 22730 0, 2050

COVERPLATE
MATERIAL: ElectroTermed Nickel

THICKNESS: MM, INCHES
©) 1,4808 0.0583
@ 14402 0.0567
©) 1.4681 0.,0578
Q) 1 ,L4681 0.0578

METALLOGRAPHIC ANALYSIS: Not Apnlicehle

FIGURE Ba7

48



BILITY OF THE
AGE IS POOR__,

ORIGINAL P

“REPRODUC

TASK IIT - HOLOGRAPHY BOND STRENGTH STUDY
N-12 Full

N-12 Full

31.0x10° W/A° £3.8x10° N/M°
(450 PSI) (925 PSI)

N-18 Weak

1 N-18 Weak

37.9x105 N/M2 96.6%102 /M2
(550 PSI) o (1400 PSI)



ELECTROFORMED

PANEL NO, N-18

BASEPLATE

Tack IIT - Holography Bond
Strenpth - Weak
Bond

©

Y O

\/
Land Width = 3.1750 mm.
(0,125 1in,)

CENTER LAND DEFECT
T

25,400 mmi
(1,00 in,)

l Nefect -

12.700 mme
(0,50 in.l

avmy

3
(
Defect 6
(

12,700 mm?

MATERIAL:

Nickel 200

CENTER LAND FLATNESS

THICKNESS 3
©
@
€
®

COVERPLATE

VARIATION:
0,003 in, (0.0762 mm, )

MM . INCHTES
6.2713 0, 2460
6.2636 0.2066
6.2916 0Py
6. ohs 0, 2IED

MATERIAL: Electroformed Nickel

THICKNESS:

®O®O

)

(0.50 in,) Datect 3.1
b (0,125 in,)
12,700 mm? °
(0.50 in.l — Defect 6,3500 mm
4 (0,250 in,)
25 00 mm!
(1,00 in.) e
i

FTIGURLE B=8

50

MM TNCHES
1,4910 0.0587
1,910 0.0587
1.4884 0,0586
1.4859 0.0585

1750 mr, wide x & land width
A25 ing

500 mm., wide x % land width
250 in,)
?
1

50 mm, wide x land width

. wide x Jand width

METATLLOGRAFHIC ANALYSTS: Not Applicable



REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

TASK III - HOLOGRAPHIC STANDARD PRESSURE STUDY: N-18
. 059" ELECTROFORM NICKEL COVERPLATE

12.1x10° /" 15.5%10°2 N/M°
(175 PST) (205 PST)

19,0x105 N/M° 50,0x100 N/M°
(275 PSI) [foh PST)



aENATEa

J U W

Tand Width

®

- 32,1750 mm,

Na-22

Nickel 200

CENTER LAND FLATNESS VARIATION:

ELECTROFORMED PANEL NO,
BASEPLATE
Tauslk ITT - Holography Bond MATERIAL:
Strength - Weal
Bond 0,003 in,
©) THICKNESS:

@
@
©)
®

COVERPLATE
MATERIAL;

THICKNESS:

@

Cl®®

(0,0762 mm, )

MM, INCHES
6.1773 00,2032
6.1798 0.24733
6.1 570 0, 2020
6.1925 (O, 238

Electroformed Nickel

MM, INCHES
1,3233 0.0521
1.3335 0.0525
1.4200 0.05673
1.3589 0.0535

(0.125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
e

25,000 mn,

(1,00 in. )}
1 Defeet 33,1750 mm. dong x 3 land width
-4~1E (0,125 ir.)

12,700 mm,

(0,50 in,,) {,{ Defect 6,.3500 mm, long % 3 land width
- L (0.250 in.)

],.?OO mm, |7

(0.50 in, J || befect %.1750 mm,)lnng ¥ land width
el I 0.125 in.

12,700 mm, | ] 7

(0.50 in, ) -l Defeet 6.3500 mm. long x land width
-+ | (0.250 in.,}
l

25,400 mm,

(1.00 in.)
YU

FIGURE B-9
he

Mot Apnlicable



TASK III - HOLOGRAPHY BOND STRENGTH STUDY N-22

fe o) =
17.25x10° N/M® ol . 2x10° N/M°
(250 PSI) (350 PSI)

96.6x102 N/MZ
(1400 PSIT)



ELECTROFORMED PANEL NO, N=23

BASEPTATE
Task 111 - Holography Flaw { MATERIAL: Nickel 200
) Size = Nonbond CENTER LAND FLATNESS VARIATION:
L0004 "in, (0.1016 mm,
€) THICKNESS: - MM . TNCHES
v . ) 6.3348 0, 24.G1L
10N @ 6.3348 0.2h0l
©) 6.3017 0,2081
C) 6.3576 0, 7R07
o COVERPLATE
@ MATERIAL: Electroformed Nickel
THICKNESS MM, INCHFS
dD 1.,40153 0.,0569
© 1.,4072 0,055k
U U Y ©) 1.4656  0.,0577
o) _ @ - 1.3792 0,0543
Land Width - 3.1750 mm,
(0.125 in.)
CENTER TLAND DEF£CT METALLOGRAPHIC ANALYSIS: Not Applicabhle
TN

31,750 mm,
(1.25 in.)

25,000 mm, Plarned Fflaw

(1.00 in,) [{} % land wide

E Ll (Preduced by electric
_L discharge machining
1 to a depth of 0.2540
mm, or 0,010 in.)

FIGURT B-10
Sk



TASK IIT HOLOGRAPHY FLAW SIZE STUDY N-23

¢
Pl
i ]

e

i D 2 R .
10.4%x107 N/M 17.25x10° N/M
(150 PST) (250 PST)

i

2l 2x10° N/I‘~'12 31.0x10° N/ME
(350 PsT) 5 (150 PST)



ELECTROFORMED PANEL NO, N-2i4

| BASEPLATE
Task 'Ll = Holegraphy Flaw MATERIAL: Nickel 200
Slze - Nonbond CENTER LAND PLATNESS VARIATION:
0.001 in, (00,0254 mm,)
€) THICKNESS: MM INCHES
P D 6.2281 0.2052
11 0 | © 6,2078 O, 2hlthy
© 6.2103 0. 2ll5
Q 6.1925 Qa, 2838
Q) ® COVERPLATE
MATERIAL: UbLlectroformed Nickel
THICKNESS: MN INCHES
@ 1.,4021 0.0552
® 1.4173 0.0558
SRS ©) 1.4351 0.0565
0 Q) 1.4351 0.0565
Land Width - 3,1750 mm,
(0,125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS: Not Annlicable

I

28,1000 mrn
(1.50 in,)

o]

o

Planned flaw % land wide
|4 (produced by electriec discharge
12,700 mm, ‘machining 4o a depth of
(0.50 in:i 0.2540 mm, or 0,010 in,)

-]

FIGURE B-11
56



N-24

STUDY
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e
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I
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ELECTROFORMED PANEL NO, N-10

BASEPLATE
Task III - Acoustic Emission MATERIAL: Nickel 200
R Bond Strength - CENTER LAND FLATNESS VARIATION;
Full Bond 0.003 in., (0,0762 mm,)
©) THICKNESS: MM, INCHES
P, @ 6., 3449 0.2498
A1 N ® 6.3475 0.2499
3 16,2586 0.2464
@ 6.3271 0,240
0 ® COVERPLATE _
MATERIAL: Electroformed Nickel
THICKNESS: MM , INCHRS
©) 1.4656 0.0577
@ 1.4061 0,0589
U U U ©) 1.5265 0.0601
@ @ 1.4783 0,0582
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS: Not Applicable
~
No
Defect
W,

FIGURE B-12

58



Panel No, N-10

Summatxon % 10 -1 AE

1600 ° ey £ e e e e e e A
] iE]':.‘;i;li'_I;,T.I]:;;S]SE:51'.‘: SR

‘Total count was [ 07T

225, 310 at 68,9

MN/m. (10,000
PSI).

1400

i,f*f—t-}'"*"—“i,"‘*

1200

1000

800

600

400

200

0 ! R
0 ‘ 689 1378 2067 2756 3445 4134: 4823 5512 6201 6890 X 10
0 (1000) (2000 (3000) (4000)(5000)(6000)(7000)(8000) (9000)(10, 000)
Pressure - N/M (PS1) - - |
HNDT AE uT

FLAW LOCATOCR
CENTER LAND




FEIECTROFORMED PANEL NO,
BASEPLATE
Paak T11 = Accuntic Emisciond MATERIAL:

Pond Strength -
Weal Bord

©

N\

U

®

Tand Width - 33,1750 mm,
(0,125 in,)

CENTER LAND DEFECT
T M

31,750 mm,
(1.25 in,)

]
25,400 mm,
(1.00 jhu}

i
L.

RSN

AN

Weall hond width

iz & land width

N-44

Nickel

200

CENTER LAND FLATNESS VARIATION:

0.0005 in,

THICKNE

5

V2]

EEEV

COVERPLATE
MATERIAL:
THICKNESS:

@O

FIGURE B-173

60

(0,0127 mm, )

MM, INCHES
6. 3100 0, 2086
6.3170 Q.2h87
663207 0, 2hop
6,3206 COL ol

Elecctroformed Nickel

MM, INCHES
1.4859 0.0585
1.,4707 0.0579
1.,4681 0.,0578
© 1,4681 0.0578

METALLOGRAPHIC ANALYSIS: Not Applieshle



 Panel No, N-44

Summation x 10 l

AR

1

S B
Uil Petal

R ER R R R R B
!"_

‘Gount was

101,115,010 when the
. .panel failed at
i 58,6 MN/m,2

121 (8,500 psi)

RN Bl ToRRR RS Phods kbbid peeed FRhul N>

[N BRRER I

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000)B000) (900010, 000)

Pressure - I’»l'/l\JIz {(PSI)

AE
FLAW LOCATOR
CENTER LAND

HNDT uT

NI BLLL LI ]

=
=

L=
=
=
=
‘
==
=
——

TSN

== -
=
=
=
4 T:
=
—— .
=
=%
=2

.y

61



ELECTROFORMED PANEL NO, N-s

- Weak Bond

€

M MY

Lahd Width ~ 3
- (

Task I11 -~ Acoustic Emission ;
Bond Strength -

BASEPLATE

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:

0.,0015 in, (0,038t mm.)

THICKNESS: MM, TNCHES
©) 6.2738 0.2470
©) 6.2763 0.2071
€ 6.2636 0, 2466
Q) 6.2767 0, 2071

COVERPLATE

MATERIAL: Electroforrmed Nickel

THICKNESS: MM, TNCHES
D 0.8509 0.0335
@ 0.8484 0.0334
©) 0.8204 0.0323
@& - o0.8712 0,0343

CENTER LAND DEFECT
TN

31,750 mm,
(1.25 in.)

S~

25,400 mm,
(1.00 in,)

OO AN

METALLOGRAPHIC ANALYSTS: Not Applicable

Weak bond width
is ¥ land width

FIGURE B-14
62



Panel No, N-45

Summatxon x 10 -1 AE .
1600 - o RO PO EERESFEE [ 133 EE ) B ) Y R S IO TR
: "‘Total count was IUigeT
114,820 when the & '™
1400 panel failed at
166 2 MN/m,2

1200

(9 600 psi) B BN

1000

800

600

400

- 200

0 L. PR S-SR RPN, SIS S Hp N . Sty Rttt - el
) 682 1378 2067 2756 3445 4134 4823 5512 6201 68903{104
0 (1000)(2000) (3000 (4000)(5000)(6000)(7000)(8000) (9000)(10, 000)
Pressure - N/M (PSI)
HNDT | AE UT
FLAW LOCATOR
CENTER LAND

Press, 20,7 x 105 N/M2 63 ‘.
" (300 PSI) - :



ELECTROFORMED PANEL NO, N-27

(D 6,35%20

@ COVIiRDLATE
MATERIAL: Eleoectroformead
THICENESS: MM,

BASEPTATE
ol T1T -« Acrustic Emlssion MATERIAL: MNickeld 200 .
) Nonbond Study i CENTER LAND FLATNESS VARIATION:
' 0,002 in. (0,0508 mm, )
THICKNESS : MM, TNCHES
€ 6.3551 0,2502
1.0 N ' ©) 6.3h75 0.2199
' @ 6. 3000 0O, iah

0, 2050

Mickel
INCHES

1.3462
1.2G54

®

1,341

| @
(WA VRN @ 1,'3396
. O

CEMNTER LAND

12,700 .
(0,50 in,)
ﬁé'
19,080 m%.
(0,75 in. )
Ry

0,0530
0,0510
0.0527

n,0527

DEFECT METALLOGRAPHIC ANALYSIS: ot Apnlicable

I -

'REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

1

flonned flaw 4 land wide

N (produced hy cleectric discharge
1 omneniniaz te a depth of
U 0.2540 mm, o 0,010 in,)

FIGUREE Bw15
&1



___?a.nel No.

N-27

Summation x 10”

RV MM IR
i : H |

T et EH e P ] IR S IR

Hinb it o Total count was
-7 900 at 68,9 iy

['MN/m& (10,000 i

- PST).

PR B AN T S N R I

1000

800

600 —

400

200

0 689

B S b
1378 2067 2756 3445 4134 4823 5512 6201

AT e

6890 x 1¢*

0 (1000)(2000) (3000) (4000) (5000) (6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M {PSI)

HNDT

AE
FLAW LOCATOR
CENTER LAND

65




ELECTROFORMED PANEL NO, N-28 "A"

BASEPIATE
Task IIT - Acoustice Emission | MATERIAL: Nickel 200
. Nonbond Study CENTER LAND FLATNESS VARIATION:
0,001 in, (0.0254 mm.)
() " PHICKNESS: MM . INCHES
P N @ 6.0503 0.2382
1N ® 6.0579 0.2385
©)] 6.1163 0.2408
O] 61239 0.2b11
& ® COVERPLATE -
: MA?ERIAL; Electroformed Nickel
THICKNESS MM . INCHES
D 1,0643 0.0419
() 1.0719 0.0422
v U v ©) 0.9861  0,0389
B ) 1.0084 0,0397
Land Width - 3,1750 mm,
(0,125 in,)
CENTER LAND DEFECT. METALLOGRAPHIC ANALYSIS: Not Applicable
TN
25,400 mm,
(1,00 in.)

Planned flaw 6.3500 mm, long x 4 land width
E (0.25 in,)

4 (Produced by electric discharge machining
to a depth of 0.2540 mm., or 0,010 in. )

FIGURE B-16
66



Panel No.

N-28A

Summatx on x 1 0

1600 °
1400

1200

1000
800
600

400

200

RS
Lpferenjine
D,
HA

.i1'22
TMN/m%
l*PSI)

s

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 1
0 (1000)(2000) (3000) (4000)(50(1))(6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M {PSI)

ot

HNDT

AE

FLAW LOCATOR
CENTER LAND

UT.




ELECTROFORMED PANEL NO. N—4t3

Task 111 - Acoustic Emission
Flaw Location -

' BASEPLATE
MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION;

Weak Bond 0.006 in, (0.1524% mm, )
©) THICKNESS: MM, INCHES
©) 6,2281 0,2452
10N 0) 6.2560 0.2463
©) 6.2484 0.2460
® 6.2484 0.2460
) ® COVERPLATE
MATERIAL: Electroformed Niékel
THICKNESS:" MM, INCHES
) 1+, 2040 0.0474
@ 1.2217 0.0481
J U U ©), 13056 0 0514
' 0 @ 1.3132 0.0517
Land Width - 3,1750 mm,
(0.125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS: Not Applicable
P -
38.100 mm,-
(1.50 in.)

(0.50 in_L)

12.700 mh, E % width of 1land.

Weak bond defect is

FIGURE B-17

68



N-43

Panel No.

Summation x 10

AE

iR e

R EE PR SRS :
L Total count was

_. 8, 360 at 68,9
TTMN/m% (10,000

1000

ol Ll am e — -
T , ;

600

400

200

0 689 137

1600 " 4 b
i.::fl_:'i:!%'::
o P i i

1400 :_ ‘[Il": ]
S TN

1200 -2 0= o

800 EE USRI S At S M R B

8 2067 2756 3445 4134
0 (1000)(2000) (3000) (4000) (5000) (6000} (7000)(8000)

|

T
.
i

6201 6890 x 10
(9000)(10, 000)

_L

4823 5512

Pressure - N/MZ (PS1)

HNDT

AE - |
FLAW LOCATOR
CENTER LAND

uT




ELECTROFORMED PANEL NO, N-11 “A"

BASEPLATE
Task IV - Standard Flaw Area MATERIAL: Nickel 200
. Full Bond - CENTER LAND FLATNESS VARIATION:
' 0,0015 in, (0,038%1 mm,)
@ THICKNESS: MM, INCHES
' ' . CD 6.1976 0.2440
0.1 N ® 6,1620 0.2426
©) 6,2179 0.2448
@ b,1646 0.2h27
@ @ COVERPLATE
MATERIAL; Electroformed Nickel
THICKNESS; MM . INCHES
Bong | ©, 0,9957 0.0392
Failure @ 1.0058 0.0396
Area:tttzﬁaﬁﬂb g C) 0.9525 00,0375
B ®  1.0033 0,0395
FRESSURE REQUIRED TQ FATI, BOND:
. : Bonds failed at a pressure of
d W d - - [ ]
Land Width %011?2(; in.) 6,9 x 107 N/mZ (10,000 psi),
T Failure occurred at ends of Lands
1 and 2.
CENTER LAND DEFECT METALLOGRAPHIC AWALYSIS
(N EF Nil i ‘Section from lower
end of first land
showing edge bond
. separation,.
Magnification 50X,
Ni
No 200
Defect

2l Section from lower

: end of second land

¥ showing bond intact,
wi Failure appears to

* be starting.

-~ Magnification 50X,

200

g 5

FIGURE C~1
70



Panel No. N-11A i

Summation x 10 . AE
1600 ) Y

S 4 ‘____,_
1400 _'..'_.i_..__

SRR TEEOE COCEY VNS KRESY COO R |!|ij|T )
— i Total count was Ea
Destructive_Test i . 70,000 when 'l:he —

3} O I N R panel failed, '+ _ .
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800
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ok tabmiririall e alet ! e
M ! N R T
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- . . — - N
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il i
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200 =

; .

0 689 1378 2067 2?56 3445 4'134 4823 5512 6201 689ox104
0 (1000) ({2000 (3000) (4000) (5000) (6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M (PSI)

HNDT (After AE) AE uT
| FLAW LOGATOR
CENTER LAND

Press, - 20,7 x 105 N/M2 .
(300 PSI) - 71 '




ELECTROFORMED PANEL NO, N.29

| BASEPLATE A
Task IV - Standard Flaw Ares MATERIALs Nickel 200
Weak Bond " CENTER LAND FLATNESS VARTATION:
‘0,0015 in. (0.0381 mm.)

©) THICKNESS: ~ __ MM, INCHES

PN B €)) 63119 0.2485

410 1 @ 643144 0.2486

' C@\ . 6.,3068 04,2483

@ 6.2738 0.2470

0 @ COVERPLATE :
MATERIAL: Electroformed Nickel

THICKNESS MM, INCHES

@ 0,9855 0.0388

@ 0.9576 0,0377

U U U | ©) 0.9525 0.0375

B @ - 1.0008 0,0394

PRESSURE REQUIRED TO FATL BOND:
) Panel exhibited slight bulging at
Lard Width = 3.1750 mm,
ard Wi (6:125 o) 6:90 x 107 N/m? (10,000 psi),
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

() &r Nij oo ;,Section of the

ﬁ*JNo failure,
- Magnification
,:gsox.

The planned
weak bond fail-
{ed as shown.,
Weak bond was

6.350 mm,
(0.25 il’l.)

4

% stronger than
7 g
7. = r expected,
1:¥ 7. _~ Magnification
"25.400 mn, v{SOX.
(1.00 in,)

AU

FIGURE Cw2

REPRODUCIBILITY OF THR . . 72
(HHEHNAH;IUU}E]S POOR. |



Panel No., N-29

Summat;on x 1 0
1600 ° '

S 5 O RS M

1 Total count was i
7,020 when the

panel falled.

1400

1200

= r"“'""_“'f. :

1000

800

600

) lu‘l--"ulﬂuhnui
T .

400

200

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 {1000) (2000 (3000) (4000) (5000) (6000) {7000)(000) (9000)(10, 000)

Pressure - N/I\/I2 {PSI)

HNDT (After AE) AE UT
FLAW LOCATOR

CENTER LAND

Press, =~ 13.8}:_105 N/M2 : 73 P
(200 PSI) - : '



ELECTROFORMED PANEL NO, N =30

BASEPLATE

Task IV - Standard Flaw Area
. Weak Bond
sals
v U v
Land Width - 3,1750 mm,
(0,125 in.)

MATERTAL: Nickel 200

CENTER LAND FLATNESS VARIATION;
0,006 in. (0.1524 mm,)

THICKNESS: MM, INCHES
@ 642662 0.2467
@ 6.2687 0,2468
©) £.2738 0.2470
@  6.2636 0.2466
COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, _INCHES
©) 0.9957 0.0392
@ 0.9677 0.0381
©) 0. 9474 0.0373
®» - 0.9601 0,0378

PRESSURE REQUIRED TO FAIL BOND:

Bond failed at a pressure of
6,90 x 107 N/m% (10,000 psi).

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
p
Area of slight visable
bulge after pressuriz-
is 2 land failed. Magnification
width 50X,

12,700 mo, |}
(0,50 in,)

[y

25,400 mm,
{1.00 in,)

4L

Section showing full
ﬁﬂa : bond unfailed.
,k}ﬂi Magnification 50X.

FIGURE €-3
74



Panel No, N-30

Summation x 1071 AE

1600 .| T R ) TV ] i G B M

o Potal count was o
m=2” 11,010 when the &
1..i: panel failed. aae

1400

Y R 2N e s
M Y R ER R Bt s Gkl
| IR

1200

1000

800

600

s00 Lol SRR

L ::::.1";‘,," ) o

Pty
h;__q.Lr_,_*....-

‘m- JN R 4
- - ~ g =g ] e

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10*
0 (1000)(2000) (3000) (4000) (5000} (6000) (7000)§00Q) (9000)(10, 600)

Pressure - N/IM2 (PS1)

HNDT (Before AE) | AE UT
| FLAW LOCATOR
CENTER LAND

press, - 20,7 x 10° N/M “ 75 )
(300 PSI) ,



ELECTROFORMED PANEL NO, N=38

BASEPLATE
Task IV = Standard Flaw Area MATERIAL:s Nickel 200
_+  Non-bond CENTER LAND FLATNESS VARIATION:
0,001 in, (0.0254 mm,)
©) THICKNESS: - __ MM, INCHES
I | 1 @ 642814 0.2473
. ) ® 6.2738 0.2470
€) 6.2763 0.2471
O] - 6.2713 0,2469
o @ COVERPLATE
MATERTAL: Electroformed Nickel
THICKNESS: MM, INCHES
) 0,9220 0.0363
@ 0.9195 0,0362
VARVARY ©) 0.9398 0.0370
o) ® - 0.9550 0.0376
PRESSURE REQUIRED TO WAIL BOND:
. Bond failed at a pressure of
Land Width = 0 .
? 25 rl“rn" ) 3.93 x 1o$ N/mZ (5,700 psi)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
Vel
25 400 mm,
(1.00 in.)
{
v ]
N,
6.350 mm,
(0.25 in.)

Section showing lower end of planned
nonbond, Note failure of tack-bond
intentionally produced at the termination
of the defect. This held the nonbond in
place for subseguent electroforming.
Magnification 50X,

FIGURE C-4
76



Panel No, N-38
Summation x 101 AE

1600 ° SR TURRE B RSN SUTS F TRRS M N B T T E T e R
','.;"_If -lli___ BESIEE ’L AEEN IS ] 4 il i“ :;:..“E'.::a{';.;:!

SR SR SRR AT IR SR PRt N Total coun‘t was (T

1400 =5t bl i piop—f 11,560 when the —

o panel falled.

1200

Destructive Test

1000

800

smasasusReeetd SO BTEEE N -

600

400,

:___i .
; .
&

[ SN SN M S

Eﬁtnl

o 689 1378 2067 756 3445 4134 4823 5512 6201 6890 x 10°

0 (1000){2000) (3000) (4000) (5000) (6000} (7000)@000) (900010, 000)
Pressure - N/I\/I2 (PSI)

HNDT (After AE) | AE UT
FLAW LOCATOR
CENTER LAND

- 77

Press. - 13.8 x 10° N/MZ

(220 PSI)




ELECTROFORMED PANEL NO, N=31

BASEPLATE |
Task IV - Second Flaw Area MATERIAL: Nickel 200
Weak Bond CENTER LAND FLATNESS VARIATION:
- ' 0,004 in, (0,1016 mm,)
0 | THICKNESS: MM, INCHES
1 © 6.3500 . 0.2500
NN ©) 6.3373 0.2495
©) 6.3627 0.2505
@ - 6.2788 0.2872
COVERPLATE
<) C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@D  o.9474 0.0373
@ 1.0008 0,0394
1R ©) 0,9881 0,0389
0 ® - 1.0693 0.0421
PRESSURE REQUIRED TO_FAIL BOND:
ranaWioth - 3750 m. | DO falld ste pressure of

CENTER LAND DEFECT METALLOQRAPHIC ANALYSIS:

T(‘

25,400 mm,
(1,00 in,)

12.700 mm.
(0.50 in.)

r

Full bhond scction.
Note tack~-bonding
on land edge.
Failure appeared
to start in EF HNi.
Magnification 50X,

EF N3

Weak bond section,
Bond failure was
initiated at edge
of land.
Magnification 50X,

FIGURE C-5
78



Panel No, N-31

Summation x 10~ _
1600~ - L TET T

1400

1200

1000

800

600

400 -

200

B PR TR R R I
-1 Total count was
i 2,080 when the
- panel failed, :

o 689 1378 3067 2756 3445 4134
0 (1000)(2000) (3000) (4000)(50(1))(6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M

4823 5512 6201 6890x104

{PSI)

HNDT (After AE)

Press.

20,

7% 10°
(300 PSI)

N/ME

AE
FLAW LOCATOR
CENTER LAND

79

uT




ELECTROFORMED PANEL NO, N-32

BASEPLATE .
Task IV - Second Flaw Area MATERIAL: Nickel 200
Weak Bond . CENTER LAND FLATNESS VARIATION:
- - 0,0015 in: (00381 mm.)
€, THICKNESS s MM, INCHES
‘ € 6.3830 0,2513
N N N : :
. @ 63932 0,2517
® . 6.3754 0.2510
@ 6.3271 0.2491
o) ) COVERPLATE | :
MATERIAL; Electroformed Nickel
THICKNESS : MM INCHES
©) 09754 0,0384
@ 0.9550 0.0376
U U U €) 0.9576 0.0377
B O] 0.9982 0.0393
PRESSURE REQUIRED TO FAIL BOND;:
\ Panel w1thstood a pressure of
Land Width - % 730 S ey 6.9 x 107 N/m? (10,000 psi).
Channel buckling was initiated.

CENTER LAND DEFECT
r\

25.400 mm,
(1.00 in,)

25.‘-’*00 mm .,
(1.00 in.)

Flaw width
is % land
" width

METALLOGRAPHIC ANALYSIS:

EF Ni% RPull boyd section,
; Some failure was

J4 initiated at land

» edge, Magnification

50X,

Q% Planned defect area.
No bond failure is
’ﬁ indicated, Some
intermittent failure
iy may have occurred,

i Magnification 50X.

' S, : . y Le
. o A ] '.l',
Ni IS N L Qf.
, 200 AV T

FIGURE C=6
‘ 80O



| Panel No. N-32

Summation x 1 o'
1600 °

R
= jff':?! Total count was

1 3,220 when the !
' destructive test

1400

1200

1000

800

B el R b e

0 689 1378 5067 2756 3445 4134 4823 5512 6201 6890 x 10*
0 (1000)(2000) (3000 (4000)(50(1))(6000) (7000)8000) (9000}(10, 000)

Pressure - N /M2 (PSI)

UNDT (After AE) o AE UT
, FLAW LOCATOR
CENTER LAND

Press, 20,7 x 105 N/Md - 81 ‘ s
(300 PSI.) : ) :




ELECTROF ORMED

PANEL NO, N-39

BASEPLATE

Task IV - Second Flaw Area
Non-bond

(€,

a

-

\J
Land Width - 3,1750 mm,
(0.125 in,)

CENTER LAND DEFECT

-ff_r\‘EF
)

12,700 mm.
(0.50 in, )
¥

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:
0,003 in., (0,0762 mm,)

THICKNESS: MM, INCHES
@ 6,2788 0.2472

©) 6.2713 0.2469

©) 6.2662 0,2467

@ 6.2636 0.2466

COVERPLATE

MATERIAL: Electroformed Nickel
THICKNESS MM, INCHES
@ 0.8534 0.0336

Q) 0.8865 0.0349

©) 0%9957 0,0392

@ 0,975k ' 0.0384

PRESSURE REQUIRED TO FAIL ROND:

Bond failed at_a pressure of
1.66 x 107 N/m¢ (2,400 psi)

METALLOGRAPHIC ANALYSIS:

K-.‘.‘.-\ -

'jl

i Full bond section.

¥ No failure is noted.
¢ Magnification 50X,

&% Nonbond planned
defect. Layer above
ynonbond is initial
*electrodeposit

which was followed by
L@LW a plating stop.
\‘Mavn3f1cat1on 50X,

Ni ! B
. 4 sy ~ . Someweryweak bonding
200 b = N, " ¢« %is indicated by the
L slight metal disturb-
ance, -
FIGURE C=7

82



Panel No. N-39
Summation x 1070 -« AE ., - S
1600 © b pi e ST ’ LR EEE T RN SR M N

|
Total count was Fﬁﬁ

out of scale

- when the panel
destructive te stu 5-

/| was completed.

1400

o ‘_ﬂ".:.}:'r'x I

1200
1000
800
600 il g
PR N PR
400 P B - PR e
200
0 LR . E S e P e et SRS e
639 1378 2067 2756 3445 4134 4823 5512 6201 6890:-:10‘4
0 {1000)(2000) (3000) (4000) (5000 (6000)(7000)(8000) (9000)(10, 000)
Pressure - N/M' {PS1})
HNDT (Before AE) - AE . uT
. FLAW LOCATOR
CENTER LAND

ik
. A
1 K
+ B
’ . ‘.-
s _
5 i - =
Press., - 5.2 x 107 N/M~. . .- 83

(75 PSI)



ELECTROF ORMED

'PAﬁEL No.,_-og “A"

BASEPLATE - ;

Task IV - Coverplate Thick=-
ness - Full Bond

(€

A O A

U
®

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:
0,002 in, (0.0508 mm, )

THICKNESS: MM, INCHES
@ 6.0655 0,2388
©) 6.1087 0,2405
46 6.,0630 0,2387
@  6.0909 0.2398
COVERPLATE
MATERIAL; Electroformed Nickel
THICKNESS: MM, INCHES
D 0.7595 0,0299
@ 0.7087 0.0279
©) 0.7036 0.0277
(:) -+ 0.6502 0.0256

PRESSURE REQUIRED TO_FAIL BOND:
Panel fal%ed at a pressure of

Land Width - 3,1750 mm, 5,31 x 10 N/ma (7,700 psi).
. (04125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

~

No
Defect

ure occurred, Panel
failed by rupture of
the coverplate. photo to the left,
Magnification 350X, Magnification 50X, The
failure propagated aleng

Section showing full " Section @hOWlng cover-
bond area. No bond fail- plate failure in the

area of Land 3 and next

a plating restart,

FIGURE C=8

84

to the area shown in the



Eahel No. N-9"A'

Summationx 1 0"1

1600 . (0 4TSRS T T e o e L e s e -
R RO e R B B AN
EERIVEE IO N IS s B ! Potal count was ]

1400 La—iidio ' 1 off scale due tof:m
R i coverplate G

..........

lamination,
RN

0 689 1378 20

67

-

Gaiae— Lol

2756 3

445 4134 4823 5512 6201
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000)BO0C) (9000)(10, 000)

Pressure = N/N[2 (PSI)

" HNDT

(Before AE)

Press, 13,8 x 10? N/M?

© (200 PSI)

AE

FLAW LOCATOR

CENTER LAND

85

UT

6890 x 10*




ELECTROFORMED PANEL NO, N-33

‘ BASEPLATE
Task IV = Coverplate Thick- MATERIAL: Nickel 200
ness - Weak Bond CENTER LAND FLATNESS VARIATION:
) | 0,004 in, (0.1016 mm,)
) THICKNESS: - MM, INCHES
R - @ 6.2535 0.2462
1-N 1 ©) 6.2840 0,247k
CD 6.2788 0.2472
@ 6.2788 0,2472
@ @ COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@ 0.7493 0,0295
@ 0.6960 0.0274
U U U G 0.6629 .  0,0261
® @® - 0.7061 0.0278
PRESSURE REQUIRED TO FAIL BOND:
] Bond failureé ocecurred 4t -d pressure
Land Width - 3,1750 mm , of b562 . x 107 N/h? (6,700 psi)s
(0,125 in.) Bond failure was intermittent,
CENTER LAND DEFECT . METALLOGRAFPHIC ANALYSIS:
p | * ve J R Rkt I % T .
g EF Nig R S @gﬁgkgt Section of full
25,400 mm, ok Yl ;aﬁ"‘lﬁﬁ 3 bond adjacent to the
{(1.00 in,) /”' i A ,7~1_%ﬁ§[¥ﬁ:_? planned weak bond,
: RN GENE Magnification 50X.
‘L‘ f 7. / N/ :
A
7
12,700 mm, [/
(0.50 in. 7
N /i
% Section of the
f"”#jplanned weak bond
Fll showing regions of
el partial failure,
v Magnification 50X,
W,

 FIGURE C-9
86



Panel No. N-33

Summation x 10"

—

-“area.failed.

1 “lioff scale when
7j:the panel weak

1600 T T T T e e L L
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0
0
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AE UT

FLAW LOCATOR
CENTER LAND

.



ELECTROFORMED PANEL NO, N=34 "a®

BASEPLATE

Task IV - Coverplate Thick- MATERIAL: Nickel 200
ness - Weak Bgnd CENTER LAND FLATNESS VARIATION,
‘ ' 0.002 in, (0,0508 mm,)
©) THICKNESS: MM, INCHES
) . @D  6.1265 0.,2412
1N N @  6.1925 0.2438
€) 6,1798 0.2433
@ 6.1900 0.2437
COVERPLATE
<) C) MATERIAL; Electroformed Nickel
THICKNESS: MM, INCHES
© 0.7569 0.0298
@ 0, 7188 0, 0283
J U U €©) 07,6502 0. 0256
0 @& - 0.7010 0,0276
PRESSURE REQUIRED TO FAIL BOND:
. Bond failed at _a pressure of
Land Width - 3,1750 mm. 2.42 x 107 N/mg (3,500 psi).
(0,125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

25,400
(1.00 1

12,700
(0.50 1

"T_“

mm
n,)

mi
o)

a

EF Nikf { Section showing

%d rlanned weak bond
#d failure, Bond was
gquite weak as
evident froem the
lack of signifi-

- cant metal disturb-
_ ance, Magnification

50X,

#¥! Planned full bond

region near the

¥ weak bond above,

..~ No failure evident,
~DN Magnification 50X,

FIGURE C=-10
88



_Panél No. N=341"'A!

1600 '+

Summation x 10~

T

1400

1200

. 60,

'::,l"!ii
biad

K . Total count wag ;"

"*aé panel falled.

3 S EEE :‘::; RN 1-""r:"
lh. Il |[ ]] '....g!;_:.‘_:'z:_ .

000 when the

1000

800

600

400

200

ﬂ T

P I T

i

1
3
1
b

Press, 6.9 x 103 N/M2
(100 PSI)

0 689 1378 3067 2756 3445 4134 4823 5512 6201 6890 x 102
0 (1000)(2000) (3000) (4000)(5000)(6000)(7000)(8000) (900010, 000)
Pressure = N/M (PSI)
HNDT (Before AE) AE UT
_ FLAW LOCATOR
,c;;\,(mﬁ:-/{”’ CENTER LAND




ELECTR OF ORMED

PANEL NO., NaLO "aA"®

BASEPLATE

Task IV - Coverplate Thick-
ness - Non-bond

©

N N N

\J/
Land Width - 2,1750 mm,
(0.125 in,)

CENTER LAND DEFECT

25,400 mm,
(1,00 in, )

12,700 ;%T i

(0.50 in .) i*

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:
085 in, (0.2159 mm,)

| THICKNESS: oM, INCHES
€)) 529665 042349
®  5.9639 0.2348
(3 . 6.0884 0.2397
@ 6,0401 0.2378

COVERPLATE

-MATERIAL:; Electroformed Nickel

THICKNESS: MM, INCHES
@) 0,7518 0, 0296
@ © 057341 0750289
©) 0.6244 00246
® 0, 7442 0,0293

PRESSURE REQUIRED TQ FAIL ROND;

Panel failed at
2,42 x 107 N/m?

a pressure of
(37500 psi).

METALLOGRAPHIC ANALYSIS:

.zwﬂ”fnext to the planhed
,“;3;;,3; nonbond, No bond
-, L failure evident,
§ 4Magnlflcat10n 50X,

Section of planned
nonbond showing
bondline separation
I vith little,or no,
o metal disturbance.
¥ . Magnification 50X,

FIGURE C=11
90



Panel No,N-4{'AN

Summation x 10"1 AE
1600 © - TR R -?.zs[i:‘ﬁ SRR

ST RSN LA B 5] IRERE ERERE EREHE by : )

S EE ; To'tal count was o
bbb 27, 460 when the
SE0 RO T PR T panel falled. Bt

1400 :;iAlffi'{

1200

1000

800

689' 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 16*
(1000) (2000) (3000} (4000) {5000) (6000) (7000)§00G) (900G){10, 000)

Pressure - N/I\/I2 {PSI)

HNDT (Before AE}‘ . AE UT
. FLAW LOCATOR

CENTER LAND

Press. 4.1 x 105 N/M
(60 PSI)



ELECTROFORMED PANEL NO, N-21

CENTER LAND DEFECT

FEaRe IR ] it T
P '1‘.-. Arg r;'%‘f;‘ i
|

=
No .
Ni
Defect 200 R

. BASEPLATE
Task IV - Coverplate Strength MATERIAL: Nickel 200
Full Bond CENTER LAND FLATNESS VARIATION;
. 0.001 in, (0.0254 mm,)
C) THICKNESS: MM, INCHES
. @ 6.2499 0.2459
TN N 0 6.2078 0, 2444
©) 64,2205 0. 2449
@ 6.2001 0. 2441
o ® COVERPLATE
MATERIAL:; Electroformed Nickel
THICKNESS: MM, INCHES
@ 0.9119 0.0359
@ 0% 9804 0.0386
U U U ©) 0.9881 0,0389
® ® 1£.,0008 0.0394
PRESSURE REQUIRED TO FATL BOND:
: Panel failed at a pressure of
Land Width - 3,1750 mm, 5.52 x 107 N/m2 (8,000 psi).
(0.125 in.) Note that lower strenzth EF Nickel

was used on this panel,

METALLOGRAPHIC ANALYSIS:
TR T g

AR YRR TRV T Ny
iy bigt

Section of ful

1 bond showing some

failure occurring at the edge of
the land. Magnification 50X,

. FIGURE C-12
92



panelNo. N-21 } ~ -~ - . oo . -
Summatlon % 10 1 N _ A E -

T '=|;.;'zﬁ}'—iéiifl'zi-gi}-f-:z‘f[fz,;;;!j}"_—j.—;ﬁé"—*%?" ”
- Total count was
5,560 when the

panel failed.

....... {I :;.‘A.'"i“ R

1400

1200

1000+ e e e e

800 -

600

-400 .

200

s - _" P é
.l.- —4- - - - S - 1 o ;-:—“ - J - - - -

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890;{104
0 (1000)(2000) {3000) (4000) (5000) (6000) (7000)(000Q) (9000)(10, 000)

Pressure - N/I‘«.ri2 {PSI)

HNDT (Before AE) ' _AE UT
FLAW LOCATOR
CENTER LAND

Press, - 13,8 x 10° N/Mz 93
(200 PSI)



ELECTROFORMED PANEL NO, N=36

BASEPILIATE

Task IV = Coverplate Strength
Weak Bond
N NN
v U
Land Width -« 3,1750 mm,
(00125 ine)

CENTER LAND DEFECT

25,400 mm,
(1.00 in,)

I
12,700 mm,

v,

4%

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION;
0,004 in, (0.1016 mm.)

THICKNESS: MM, INCHES
@ 6.2052 0. 2443
®@ 6.,1951 0. 2439
€) 6.2332 0. 2454
@ 61,2001 0.2441

COVERPLATE

MATERIAL; Electroformed Nickel

- THICKNESS: MM, _ INCHES
@  0.9525 0.0375
@ 0. 9449 0.0372
©) 09093 0,0358
® 0. 9627 0.0379

PRESSURE REQUIRED TO FATI, BOKD:

Bond failed at a pressure of
2.76 x 107 N/m? (4,000 psi).

" 'METALLOGRAPHIC ANALYSIS:
() 5F NipRTIETSTST
v . N1 dy .l"'“é.gi

Weak bhond section,
Left edge of phoio
shows termination
4 of weak bond,

Magnification 50X,

¥

EYd
o
i
¥y

t# Section showing
g full bond area ..
v next to planned
gr8 weak bond,
v . Magnification 50X,

FIGURE C~13
L



Panel No. N-36 |

SummatiOn x 10"
1600 1 | 1 : .

i éo‘--u"uw-—-t
Rl St

B e

1400 -—::--f-—-'—-'f-f—'—iv_;—;
SRS RN ¢ Total count was

B foaes e rt vt ,—~~-~—4—~.,..
P B S R ;
1

SIS FEEI RN SR REE ::‘;|'§:‘ : E 23,340 when the =
1200 — - doimr iy T s panel failed. O

600

400

200

0 689 1378 2067 oaee 3426 4134 4823 5512 620% 6890 x 16*
0 (1000 (2000) (3000) {4000 (50C0)(6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M (PSI)

‘I—INDT (After AE) AE uT
> " FLAW LOCATOR
CENTER LAND

press, 20.7x 10 0 N/M° - 95
{300 PSI)



ELECTROFORMED PANEL NO,

N-37

CENTER LAND DEFECT

S s
N EF 1\111i !
25,400 mm, j .
(1.00 ir].) 's e
?,"v.* -"-‘-3 3 '-"’
-ﬂ-‘——_‘L;": '?4_—_-1_ ; A
12,700 miy Pl i g \/g e
(0050 in_.t)_"z 200} . - \; r"
F Nif

| BASEPLATE |
Task IV - Coverplate Strength| MATERIAL: Nickel 200
Weak Bond CENTER LAND FLATNESS VARIATION:
B 0,006 in, (0.1524 mm,)
€©) THICKNESS: MM, INCHES
' B € 6.1798 0.2433
1NT | @  6.2052  o.2m43
1 € . 6.,1925 10,2438
Q) 6,2027 0.2442
COVERPIATE -
(D C) MATERIAL: Electroformed Nickel
THICKNESS: MM INCHES
‘? @ 0,901 7 0.0355
| @ 0.9017 0. 0355
v U U &) 1.0135 . 0.0399
® ® 0.9398 0,0370.
PRESSURE REQUIRED TO FAIL BOND:
. i . Bond failed at a pressure of
Land Width - %legg ™ 2.21 x 107 N/n? (3,200 psi)

7 Planned weak
"xg bond., Right

' ffq side of photo

.. shows weak bond

:‘, f,: ", termination.
N -~ Magnification
{- < AN 50X,
Ni 7 y
00 % oS g e
z ﬁ/?m‘\ e 9/"' J/\ S

FIGURE C-14

96



__laanel No.

N-37

Summatwn x 10

1600 °

1400

S L

O S T P SRR S SR R S

i L A

Total coun‘t was i
18,300 when the -—
panel falled._

“l

4

. Press., 6,9x IOF

(100 PSI)

N /M2

FLAW LOCATOR

CENTER LAND

97

1200
1000
800
600
400 .
200
N ROl o S =l £
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x14
0 (1000) (2000} (3000) (4000) (5000) (6000) {7000)B00Q) (9000)(10, 000)
Pressure - N/MZ (PSI)
HNDT (After AE) AE uT




ELECTROFORMED PANEL NO, Nu41 “aA"

t

Task IV - Coverplate Strength
' - Non=-tond
AN N
WJ U
Lahd Width - 3,1750 mm,
(0,125 in,)

CENTER LAND DEFECT

25,400 mm,
(1,00 in.)

f () BF Ni Lo el

BASEPLATE

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARTATION:
0.008 in, (0.2032 mm,)

THICKNESS: - MM, INCHES
@ 5.8217 0.2292
@ 5.8801 0.2315
©) 5.9639 0.2348
O] '5.9436 0.2340
COVERPLATE

MATERIAL; Electroformed Nigkel

THICKNESS: MM, INCHES
©) 0,9068 0.,0357
@ 0.8941 0.0352
©) 0.8763 0.0345
O] 0.8712 0.0343

PRESSURE REQUIRED TO FAIIL BOND:
Panel failed at a pressure of
1.59 x 107 N/m2 (2,300 psi).

METALLOGRAPHIC ANALYSIS:

P T FulY bond section
E.oonext to the planned
" ‘nonhond. defect,

i Magnification 50X.

: Section from the

. top end of the

.35 planned nonbond,
' Note failure

. separation,

Magnification 50X,

" FIGURE C-15
98



anel No, N-41M"A" .

3

1400

Summatmn x 10

P
"

b
=

1200

AR SLL LU S

w0
S

S G R
-LJ?Total count was
i '3l ,670 when the
';‘Vpanel falled.

1000

800
600 ;

400 ...

-!_-.#.-!-! homusuansnngs

g

FLAW LOCATOR
CENTER LAND

Press, 6.9 x 105 N/Md - 99

(100 PSI)

o
0 ‘ 689 1378 2667 2756 3445 4134 4823 5512 6201 6890 xlO4
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000)(8000) (9000)(10, 000)
Pressure - N/I\/I2 (PSI)
HNDT (Before AE) AE - yT




ELECTROFORMED

PANEL NO, N-173

BASEPLATE

Task IV - Surface Flatness
Full Bond

©

sala

-

Area of .
Failure ~

Ni
200 E
No
Defect EF Ni

o

MATERIAL: Nickel 200

CENTER LAND FLATNESS VARIATION:
0-006 inu (09152‘{4' mm.)

THICKNESS: - MM, __INCHES
@ 6.2230 0.2450
) 6.2306 0.2453
©) 6.2586 0,2464
@ 16,2763 0.2471

COVERPLATE

MATERIAL; EKlectroformed Nickel

THICKNESS : MM, INCHES
©) 0.7874 0.0310
Q) 0, 7442 0.0293
©) 0.9017  0.,0355
®» - .0.6325 0.0249

PRESSURE REQUIRED TO FAIL BOND:

Panel failed at a pressure of
5.11 x 107 N/mg (7,400 psi),

4 at bottom ends of
% lands. Section
nin R shows failure as
Faddd initiated through
Fipds EF Nigkel over the -
* channel near Land
iy 1, Magnification
50X,

4 Section of full

| failure detected.
A Magnification 50X,

FIGURE C=16
100



Panel No. N-13

Summation x 10~
1600 "~ ¢ o

1400

1200

1000

800

600

T i.i::rI:!'ll.f.".T...:.’
i DERED EUUTE DEER) SRENT BN G
?“"!Total count was
22,100 when the
panel fai

[

—E‘:;:::: ,i::‘s """ '

Baodasd, o

led.

400

689

er— e i

Pressure - N/MZ (PSI)

R

1378 2067 2756 3445 4134 4823 5512 6201 6890 x 1
(1000) (2000) (3000) (4000) (5000) (6000) (700C)O0Y (900010, 000)

04

HNDT (After AE)

5 4
Press, - 20,7x 10 N/M
(300 PSI)

AE uT

FLAW LOCATOR
CENTER LAND

101 ,



ELECTROFORMED PANEL NO., N-46

" BASEPLATE
Task IV - Surface Flatness MATERIAL: Nickel 200
Weak Bond CENTER LAND FLATNESS VARIATION:
0.003 in. (0.0762 mm,)}

€©) 7 THICKNESS: MM, INCHES

—— +—(fane1 : ® 6.2636 0.2466

: Failed in ® 6.2382 0.2456

1| [Fhis Areﬂ 0 6,2814 0.2473

Q) 6.2103 0. 2445

@ ® COVERPLATE
: MATERIAL: Electroformed Nickel

THICKNESS: MM, INCHES

@D 0,8941 0,0352

. | @  o.9042 0,0356

U U U 0 0.7391  0,0291

® . @ © 1.0389 0.0409

| PRESSURE REQUIRED TO FAIL BOND:
. Panel failed at a pressure of
Land Width - 3.,1750 mm, 5.87 x 107 N/m% (8,500 psi).
: (0,125 in,) :

Section from the
- planned weak bond
showing progress
of failurey
Magnification 50X

A
25.1"00 mme
(1.00 in,)

12.700 mm.
(1,00 in

Y

NN

m Section of the
I full bond from
land 3 illustrat-
i ing no bond fail-
ure, but some

<} thin coverplate
. v ig evident,

Nd Q Magnification 50X,

200

FIGURE C=~17
102



Panel No., N-46

Summation x
1600

—

TerTETt
bood
P LYo

1400 ———pd

e

1200

— TS T T T
FERFRRESCEEELFEEE FRRO FERH L FEEE OO L
"7 |Total count was i)
148,570 when the
‘Ipanel failed,

1000

800

600

400 il

200

I PR B

i A Pl I R A

ia s T e P T
il I

O DU S

IR

0 689

Pressure - N/M

e

1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 (1000) (2000} (3000) (4000) (5000) (6000)(7000)(8000) (9000)(1Q, 000)

(PSI)

press. (5%0313511)05 N/M ©

AE
FLAW LOCATOR
CENTER LAND

UuT




ELECTROFORMED PANEL NO. N-42

: BASEPIATE
Task IV - Surface Flatness MATERIAL: Nickel 200
Nonbond CENTER LAND FLATNESS VARIATION:
0.005 in, (0.1270 mm,)

€) | THICKNESS: MM, INCHES

© @ 6.2662 0.2467

N-0 N ©) 6.2535 0.2462

(®  6.2687 0,2468

@& 6.2509 0.2461

COVERPLATE

(), C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES

@) 0,8153 0.0321

| @ 0.8306 0.,0327

U U U - @ 07874 0.0310

- . @ © 0.9830 0.0387

® PRESSURE REQUIRED TO FAJL BOND:
. Panel falled at a pressure of
Land Width - 3.1750 mm, 2.42 x 107 N/m% (3, 500 psi),
‘ : (0 125 in.)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

Full bond area next
25,400 mn, ¥o Dona"ea snoneond.

1,00 in, .
( “ ) -y evident, _

2y Magnification 50X,
12,700 mm, [i: PN e
G. O in. fg,'
(05 _&33;; : Planned nonbond
section showing the
bondline separetion
with lack of metal

!  disturbance,
\§§ ;Zj;\'£*Magnification 50X.

_‘,......

k:-);‘%fl’m z '—.':..;-

‘}) J/

Ni . Th “";_k&

. FIGURE C=-18
104



| Panel No. N-42

- 1600 7.

1400

Summation x 10
e

= f;;.;:'fotal count was
. 1-~./8,170 when the
| panel failed,

T

HNDT (Before AE)

Press, 6.9 x 105

(100 PSI)

2
N/M

1200
1000
800
600 ‘
400 =
200 =
0 [lgoi=d sk ew g N ) B0 AP i b
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890}:104
0 (1000) (2000 (3000) (4000)(5003)(6000)(7000)(8000) (9000)(10, 000)
Pressure - N/ (PSI]
AE uT

FLAW LOCATOR
CENTER LAND

105




ELECTRCFORMED PANEL NO, N~56
' BASEPLATE

Task IV « Narrow Land Width MATERTAL: Nickel 200
Full Bond CENTER LAND FLATNESS VARTATION:
0.0025 in. (0.0635 mm,)
(:> THICKNESS: MM, INCHES
- ‘ 6.,2128 0,24446
. n. i 4 N @
Very Fine N\ @ 6.2814 0.2473
Labhole A (3  6.2738 0.2470
Noted in C) 6.21 54 0.2047
Acoustic
Emission | f COVERPLATE
test (%) ©) MATERTAL: Electroformed Nickel
PHICKNESS: MM, INCHIES
() 00,9449 0.0372
J ©) 0.9627 0.0379
il @ 1,0312 0. 0406
(:) PRESSURE REQUIRED TO FAIL BOND:
. Not destructively tested, Panel
Lapd Width - %65322 ?g°) was fabricated to demonstrate NDE
' response on narrower lands only,

CENTER LAND DEFECT
M

No
Defect

METALLURGICAL ANALYSIS: Not Required.

A low pressure pinhole type leak was noted
in Panel N-56 during acoustic emission test,
Although this condition can be effectively
repaired, the results were shown as experienced
for informational purposes. Panel N=55, an
identical panel except for slightly thicker
coverplate, was similarly tested by acoustic
emission and the results plotted for the
comparison shown on Page 107. Panel N=55
exhibited no leaks. Note the flaw locator
response to the leak detected on Panel N-56,

FIGURE C-19
106
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ELECTROFORMED PANEL NO, N-57

BASEPLATE .

ask IV - Narrow Land Width
Weak Bond

®

e —————

NN

(0.062 mm,)

MATERIAL; Nickel 200

'CENTER LAND FLATNESS VARIATION:
0,003 in, (0.0762 mm. ).

THICKNESS: MM, INCHES
@ 6.2433 0.2458
Q)] 6.2408 0.2457
(3 = 6.2084 0.2460
® 6.2357 0.2455

COVERPLATE

MATERIAL: Electroformed Nickel

THICKNESS: MM, INCHES
) 1.0262 0. Q4OL
@ 1.0389 0.0k09
3 1,0312 0, 0406
® 1.0135 0.0399

PRESSURE REQUIRED TO FAIL BOND:

Not destructively tested. Panel
. was fabricated to demonstrate NDE

response on narrower lands only,

CENTER LAND DEFECT METALLURGICAL ANALYSIS: Not Reguired.
1T“f‘ Planned weak bond was actually 2 nonbond
25,400 mm, as disclosed by ultrasonic "C" scan and
(1,00 in,) holography. The low pressure acoustic
response did not show the high count normal
&_ for weak bonds,
. 0'-‘?:; '
12,700 mm, ?
(0.50 in,
50 i) 1
\_

FIGURE C-20
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ELECTROFORMED PANEL NO, N-58

BASEPLATE

Task IV - Narrow Land Width
Nonbond

®

i

®

Land Width = 1,5748 mm,
' ' (0,062 in,)

MATERIAL: Nickel 200

- CENTER LAND FLATNESS VARTATION:

0,0065 in, (0.,1651 mm,)

THICKNESS: MM, INCHES

® 6.2128 0, 2446

@ 6.2027 O.24L2

3  6.195t 0.2439

® 6.2053 0.2443
COVERPLATE

MATERIAL: Electroformed Nickel

THICKNESS: MM, INCHES

@ 1.0328 0. 0407

@ 1.0389 0.0409

) 0.8966 0.0353

o 0,9398 0.0370

PRESSURE REQUIRED TO FAIL BOKD:

CENTER LAND DEFECT METALLURGICAL ANALYSIS: Not Reguired.

r\

12,700 s 2

(O.SO'in.S _t

25.400 mm,
(1,00 in.)

i

Not destructively fested. Panel

- was fabricated to demonstrate NDE

response on narrower- lands only,

FIGURE C=21
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ELECTROFORMED PANEL NO. C-08N "A"

| BASEPLATE
Task IV - Standard Flaw Area MATERIAL: OFHC Copper
Full Bond CENTER LAND FLATNESS VARIATION:
' 0,001 in, (0,0254% mm,)
Panel Bulged X
in This Aiea ©)] THICKNESS: - ___ MM, INCHES
rea . | —
i':f' dh‘“'\ 4 . @ 600/5? 0.239_2
ol @ 6.0579 0,2385
N6 6,0503 0.2382
) L 6,0503 0,2382
0 ® | COVERPLATE
MATERTAL:; Flectroformed Nickel
Panel THICKNESS: MM, INCHES
Bulged & @ 0.9550 0.,0376
Failed in .
This Areal ||~} @ 0.9703 0,0382
b LT ©) 0,9449 0,0372
nhole _
Leak @ . ) 0.9957 0.0392
PRESSURE REQUIRED TQ FAIL BOND:
 aad Width 3.1750 Bond failure?occugred at a pressur:
~and Widvi = 2. Mo lo6 07 N/m% (6,700 psi).
(0,125 in.) of 2 x1 /m% (6,700 psi)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

PLEF Mi Area of planned full
- bond showing Tailure
\ S

g 2fter destructive

74 test, Magnification
{ 50X,

~

G

i YT

. g
L=
)

No

;I
Defect Area of planned full

bond next to failed
region, No failure
noted, Magnification
- 50X,

FIGURE C-22
112



REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR

Pancl No,C-BN'A™"

Summation 10'1  AE
1600 :

[ [ f ""'""""‘."f“'."',""l_."f["""T".T"""',’I"'I"' T :

AT R R T P R ST Rl P L R DA PRI

. o Total ecount was 100,000 when the o

1400 oo oo io. panel fallel, The high Tinal ecount e
' ' wan dun to tearine of OFHC Copper

Cye R e T

L v on the center land during bond

1200 ... .. ... Tallure, The nickel coverplate

L runtured next to the 12t land,

The high initial AR count was due o

.. to a small pinhole leak which was i

1 not detected until part of the AE :

e i teat wns perfarmed, The AR results _

800 S are invalid, but thevy were reportod .
RS tn show Tlaw loecatoy vasronnn to the -

lank mnvd Ireaetion, i

600 o = { C

1000 :.;_.j“,,_

e
N RN
|

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 (1000) (2000) (3000) (4000) (5000} (6000) (7000)B000) (9000 (10, 000)

Pressure - N/I\.“I2 {(PSI)

HNDT (Before AE}) AE uT

FLAW LOCATOR
CENTER LAND

After NDI and
Destructive Test

Press, 34.5 x 10° N/MZ | 113
(500 PSI)



ELECTROFORMED PANEL NO, C-28N

BASEPIATE |
Task IV « Standard Flaw Area MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
- 0,002 in, (0,0508 mm,)
) THICKNESS: - MM. INCHES
— | , @  6.,6192 0.2606
1 - ® 6.601 5 0.2599
©) . 6,6091 0.2602
® - 6.5964 0.2507
o ® COVERPLATE
MATERIAL: ZElectroformed Nickel
THICKNESS: MM. INCHES
@) 0.9601 0.0378
@ 0,97 54 0.0384
J U U 56, 0.9525  0.0375
® @) © 0,9601 0.0378
PRESSURE REQUIRED TO FAIL BOND:
‘ Bond fail$d at_a pressure of
Land Width - 3,1750 mm, 5,18 x 10 N/m (7,500 psi)
(0.125 in.)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
} or na ' Section of full bowd
25,400 mm, _ i arca ad jacent to the
(1.00 in, ) _ _ - planned weak bond,

—=Magnification 50X,

6.350 m#.

{0.25 igr)_;j

Section of planned
“weak bond, Preparat-
_ ion of specimen
— - removed most of the

a:ﬁ“;§5:7}r/{fallure. Some traces
i AU LGNS ,? 5. remain, Magnification
OFHCV ;-‘, N ,&, Sk, WAE .;)_ e ,‘;_y:;._}‘; 50)(.
Cu =F 0" Nl PEGY apaatat A4

FIGURE C-23
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Panel No, C-28N

Summat

1600 " g TP T T T

ion-xlo'l : AE .. ™

'Total count Was

1400 Tt 5,070 when the 7~
-'.,:.:|pane1 falled. e
1200 : ST RN B ERIR S
1000
800
. 600
400 ool
200
0 i OO USRS . LA LI SRR T BRI AR
0 689 1378 2067 2756 3445 4134 4823 5512 “e201 6890x104
0 (1000)(2000) {(3000) (4000) (5000) (6000) (7000}{8000) (9000)(10, 000) -
Pressure - N/M.2 (PSI)
HNDT (Before AE) | AE uT

FLAW LOCATOR
CENTER LAND

~Press,—13,8 x 105 N/Md . 115

* (200 PSI)




ELECTROFORMED PANEL NO, C=-20N

BASEPLATE
Task [V - Standard Flaw Areza MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
. 0,001 in, (0.0254 mm,)
() THICKNESS: MM, INCHES
_ @ 64135 0.2525
'a Y ~~ . :
. ©) 6.3881 0,2515
C@ 6, LU0 0.2537
B  6.3322 0.2493
@ ® COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@) 0.9525 0.0375
@ 0.9779 0.0385
J U U | ©] 0.9017 0.,0355
o ®  1.0160 0, 0400
PRESSURE REQUIRED T0 FATL BOND:
Bond failzd st a prezsure of
Land Width - 3.1750 mm. 5,52 x 107 N/m% (8,000 psi)
(0.125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
I ( R
! mi N
25,400 mm,
(1.00 in.)
12.700 mm: |1
(0.50 in.) t‘”"‘““‘
| o

Flaw Width
is' % Land
Width

OFHC & e
?’.7-"- Rt byt )__"V.’?\- DR
Cu RO ) o b Vi B P RN E L

b
4%

Section of planned # land width weak bond,
Weak bond, showing failure, appears reversed
due to the direction of viewing, The full
bond remained intact after pressurization.
Magnification 50X.

FIGURE C-24
116



Panel No, C-29N

Summatv.on x 10

1600 ° EREU R AU T O ESEN DI CERY RO :
i -..i;":i;;'z.!-._iz.*;;z:ri'r-._;;i TR TERCETFITRR Nt 0 1
S 7 imotal count was
1400 =il ___;! 18,640 when the 77
. b I(lt Sk bOnd falled. S
SR EE PEL T EOE P ISR R I RIS
1200 ':5‘:'%."‘.':““ _‘!‘;__-__.‘...._._F_“.____.‘.:___i',_..f S I - ..‘:___._‘.‘._..__'_'_
R R R SRR ' Pt
8 TR DR TR S : B
NN oo oL i L
R B R P S T 3 i
L S i S UV
i | _! o
800 %
600 e
400 i
200 i
0 SR R s

o eso 1378 2067 3756 3445 4134 4523 5512 6201 6890x1o4
0 (1000) (2000 (3000) (4000)(50C0)(6000)(7000)8000) {9000)(10, 000)

Pressure - N/M {PSI)

HNDT (Before AE) AE .- UT
FLAW LOCATOR
CENTER LAND

Press. - 13,8 x 105 N/Mz'
{200 MGrY




ELECTROFORMED PANEL NO, C=30N

Lahd Width - 3.1
(0

BASEPLATE
Task IV = Standard Flaw Area MATERIAL: OFHC Copper
Non-band CENTER LAND FLATNESS VARIATION:
' 0,001 in, (0.0254 mm,)
@ THICKNESS: MM. INCHES
_ € 6,5837 0.2592
1N N Q) 65202 0.2567
) 6.5507 022579
Q) ' 6.5507 0.,2579
COVERPLATE
C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@ 0.9068 0,0357
Q) 0.9271 0.0365
U U U ) 0,9296  0,0366
@ - 0.9144 0.0360
® PRESSURE REQUIRED TO FATL BOND:
Bond failed at a pressure of
750 mm, 2.28 x 107 N/mZ (3,300 psi).
125 in,)

CENTER LAND DEFECT

Fa
v

25,400 mmi
(1 .OO il’ln)

n

6,350 mm,
(0,25 in.,)

N

=R Wi

METALLOGRAPHIC ANALYSIS:

*

Sectiom showings
termination of
nonbond ag plan-
pd..ned. Magnificat-

Planned full bond
area ad jacent to
the nonhond,
Magnification 50X,

FIGURE C-25
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Panel No.C-30N o T
Summation x 10 AE o :
1600 . e -
: i ‘wi_””gw_gL:J;-i e

1400

1200

1000

800

”panel falled.

‘Potal count was’ L
2,000 when the "0

600

"400 - e

200

B IR S

B I T

Pressure - I\I;"I'w.fl2

689 1378 2067 2756 3445 4134 -4823 5512 6201 6890x1c
0 (1000)(2000) {3000) {4000) (5000} (6000) (7000)(8000) (9000)(10, 000)

(PSI)

HNDT (Before AE)

ST YR,

PRESS, - 6.9 x IOB—N/MZ
{100 PSI)

_AE -
FLAW LOCATOR
CENTER LAND

119

_UT




ELECTROFORMED PANEL NO, C-~32N

BASEPLATE _
Task IV - Second Flaw Area MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
) 0,0005 in, (0,0127 mm,)
©) THICKNESS: - ___ MM, INCHES
‘ . €)) 6,5608 0.2583
1NN | @  6.5837 0.2592
©) . 6,5456 02577
@ 665583 0.2582
COVERPLATE
<) C) MATERIAL: Electroformed Nickel
THICKNESS: MM. INCHES
@) 0,9652 0.0380
Q) 0,9068 0,0357
YRSLY € 0,9601 0,0378
®» - 0.9296 0.0366
® PRESSURE _REQUIRED T0 FAIL BOND:
: Bond failed at_a pressure of
Land Width - 3.,1750 mm. 2.76 x 107 N/m2 (4,000 psi)
(0,125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
_T N BF Ni : © Plannad Tull bond
25,400 mm, ad jacent to the
(1.00 in.) _ : SR - ~weak bend region,
i oo ~Magnification 50X.
- -z
12,700 mn, B
(0,50 in.) }7l  OFHC
EF Nj . Planned weak bond.
: ‘ Failure occurred
é?ﬂ¢ - , in this area.
&’é; e eyt e Magnification 50X.
SR e : B s g
5;59
53
gn‘j‘ OFHC
Cu
%)
s§ U |
S
§5S FIGURE C-26
&E

120



Panel No, C-32N

Summatmn x 10

AE |, -

1600 " i R

1400

1200

1?iTota1 count was
—=1-=72,950 when the
'“ppanel failed,

T

S8 RS R

1000 Shimires

800

600

400

200

S

Pressure - N/Mz

0 -589 1378 2067 2756 3445 4134 4823 5512 6201 6890x10
0 (1000)(2000) (3000} (4000) (5000} (6000) (7000)@00Q) (900¢)(10, 000} -

(PSI)

HNDT {Before AE)

L -
% T

prf-uil-
— ———

1 ¢
Lk
|

i.

Press.12,8 x 10° N/M°
(200 PSI)

AE
FLAW LOCATOR
CENTER LAND

121

uT




Task

-

ELECTROFORMED PANEL NO, C-33N
BASEPLATE
IV « Second FFlaw Area MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
0,0005 in., (0,0127 mn.)
fo) \ THICKNESS: MM, INCHES
4 1 ) 6.5938 04,2596
NN N © 66142 0.2604
©) 6,6065 0,26M
) 6.5862 0.2593
COVERPLATE
C) MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@ 0,8814 00,0347
@ 0.8992 0.0354
U U U ©) 0,88L4 0.0347
) 09144 0.0360
® PRESSURE_REQUIRED TO FAIL BOND:
Bond failed at a pressure of
Land Width - 3,1750 mm, 5,18 x 107 N/m% (7,500 psi).
(0,125 in.)

CENTER LAND DEFECT
L

25400 mm;
(1 . 00 iTl-_)

25 400 mm,
(1.00 in.f

Flaw width
is 4 land
width

| SRR 2

METALLOGRAPHIC ANALYSIS:

Full hond aron
next to planned
weak bond. View
appears reverscd
due to viewing
direction,
Magnification 50X,

N

e

Planned weak bhond
showing btond
failure. Section
e appears reversed
"due to dircction
“rof viewing,
“Magnification 50X,

FIGURE C=27
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Panel No. C-33N

Sunnnahon x 10
1600 e -1

. .__-.:i e

1§ PEwRS boull & eI
':§!| b ‘[ l l|~___t_"_':.';_.‘ :

1" Total count was

~t+4,890 when the :
o panel falled e

AU S
o [N L.
|- CERE Y

i
;
-h--.m

N P N
T T T
e [ S L b Cmi-

) .?. .

pI =+

|
t
% .
i

'Destructlve Test i

0 689

1578 2067 2756 3445 4134 4823 5512
0 (1000)(2000) (3000) (4000} (5000) (6000) (7000)8000) (9000)(10, 000)

(PSI1)

Pressure = N)’M2

6201 6890 x 10

HNDT (Before AE)

5
Press. - 20,7 x 10
(50 PSI)

N/ME

AE

FLAW LOCATOR

CENTER LAND

123

UT




ELECTROFORMED

PANEL NO. C-34N

BASEPIATE

Task IV ~ Second Flaw Avea
Non—bond '

©)

A N

CENTER LAND DEFECT
ral

I
25400 mm,
(1.00 in,)

%2.700 ot o
0.50 in.
cE)

MATERIAL: OFHC Copper

CENTER LAND FLATNESS VARIATION:
0.0025 in. (0,0635 mm, )

INCHES

THICKNESS MM,
©); 64846 042553
0] 64821 0.2552
©) 6.4 541 0,2541
) 65126 0,2564

COVERPUATE

MATERIAL: Electroformed Nickel

THICKNESS: MM, INCHES
@) 0,9830 0.0387
@ 0,9601 0,0378
©) 10084 0,0397
® 0,9296 0.0366

PRESSURE _REQUIRED TO FAIL EBOND:

Panel failed at a2 pressure of
3.11 x 107 N/m? (4,500 psi).

METALLOGRAPHIC ANALYSIS:

Scetion sheowins
separation of tho
planned nonhond,
F— Some full bond

Lty failed beyond the

- end of the nenhond,
% Magnification 50X,

Section of full
bond from the
middle lend which
exhibited no fail-

" ure, Magnification
- 50X,

FIGURE C-28
124



_Pancl No, C-34N |

Sumrna.tion x 10-1 AE | . | |

oo 8 o e R e
BTN rotal count was

17,360 when the
~.|panel failed,

Ny . P T R N
.-.."-. ‘
SRR NDT H Destructlve Test

.T ...... i N EIETETEE B

......

o 689 1378 2067 2756 3445 4134 4823 5512 " 6201 6890 x 10t
0 {1000)(2000) (3000) (4000) (5000) (6000)(?000)(8000) {9000)(10, 000)

Pressure = N/M (PSI)

HNDT (Before AE) o AE UT
FLAW LOCATOR
CENTER LAND

5 2 , )
press. - 3.45x 100 N/M , o
(50 PSI) ‘



ELECTROFORMED PANEL NO, C-09N

BASEPLATE

-

©)

PP‘!

T .-

1

®

Tazsk IV = Coverplate Thick-
ness - Full Bond

Arez of
Failure

®

Liand Width - 3.1750 M
(C.125 in,)

CENTER LAND DEFECT

%

No !
Defect

ﬁ~ BN

MATERIAL: OFHC Copper
CENTER LAND FLATNESS VARIATION:

COVERPLATE

0.002 in, (0,0508 mm,)
THICKNESS:

@
®

©)
@

MATERIAL:
THICKNESS :

@
@
©)

®

MM, INCHES
6.,6726 0.2627
16,6751 0.,2628

. 6,6548 0.2620
6,6508 0.2620

Electroformed Nickel

MM, INCHES
0,6985 0,0275
0,6833 0,0269
0.7671 0.,0302
0.6807 0.0268

PRESSURE REQUTRED TO FAII BOND:

Bond failed at a pressure of
3.45 x 107 N/m% (5,000 psil,

METALLOGRAPHIC ANALYSIS:

FIGURE C-=29
126

Full hrend

foilure
gsection from top
end of Lard 3.
Magnification 50X.

Full bond area
which did not
fail., Magnificat-

ion 50X,



Panel No. C-9N

Summatlon X 10
1600 °

: v ’} 4
. PR A B
_..?. wr—— .._._. e _.1._. i

B ]

mmr——

L f'? Total count was
= t 5,420 when the
' ‘.j panel fallpd

o X eae
0 (1000)(2000) (3000) {4000) (5000} (6000) (7000)B00G) (9000)(10, 000)

Pressure - N/MZ

'1378 067 2756 3445 4134 4823 5512 6201

(PS1)

6890 w103

‘HNDT (Before AE)

Press, - 20.7 x 1('}5 N/M;
{300 PSI)

AE
FLAW LOCATOR
CENTER LAND

127

- uUT




ELECTROFORMED PANEL NO.

Task IV = Coverplate Thick-
nhess = Weak Bond

(€

s al
©, @
v UV
®
Land Width -~ 3,1750 mm.

(0.125 in,)

C-35N "A"
"BASEPLATE
MATERIAL: OFHC Copper
CENTER LAND FLATNESS VARIATION:
‘0.0025 in, (0.0635 mm, )
THICKNESS: MM, INCHES
@ 6.5100 0.2563
Q) 6.5227 0.2568
©) 6.5659 0,2585
®  6.535h4 0.2573
COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@ 0.6452 0.,0254
@ 0,6731 0.0265
@) 0.6401 0.,0252
@®» - 0.5918 0.0233
PRESSURE REQUTRED TO FAII, BOKD:
Bond failegd at a pressure of
2.42 x 107 N/m% (3,500 psi).

CENTER LAND DEFECT
EF Wi

25,400 mm,
(1.00 in,)

12.700 mm,
(0,50 in,)
-t

~

ENNNAN |

METALLOGRAPHIC ANALYSIS:

" Planned full bond
" showing no fail-

ive test,
n_¢§:~“WT-1*‘Magnlflcatnon 50X.
5 ﬂ%Jk;

Plammed weak bond

which failed in

destructive test.
Magnification 50X,

FIGURE C-30
128

"ure after destruct-



Panel No, C-35N

Summatxonx 10 -1 AE

1600 ° S EIEST ERURY IRREY PO EEURE SEREY ERRON EROGT FIEE: TS I RS I B ‘ ik ’
(e “ e e?:!':z:lz-tt: S LA EE R R TR SR i':lL“‘] ] R ] Lo

% EEEEI SREFEENSEN ERTRY EUUR) ENEL FIFEL EENEE IVEN ERY Total count was gEt)

EFRLANEEL SOUTN EKIEN BELTITERES EETH1 AN LEN "off scale for —

1400

b the AE multlpller-
"1'when failure :
ol oceurred,

1200

1000 < L

800

600

400

200

0

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x104
0 (1000){2000) (3000) (4000) (5000) (6000) (7000)§000) (9000)(10, 000)

Pressure = N/M2 (PSI)

HNDT (Before AE) : AE uT
FLAW LOCATOR
CENTER LAND

i
After NDE and
Destructive Test

Press, 6.9 x 10° N/MZ - 129 : ;
(100 PSI) - - :



ELECTROFORMED PANEL NO, C=36N "A"

BASEPLATE

Task IV = Coverplate Thick-
ness = Weak Bond

©)

Y A

®

Land Width —'%.1?50 mm,
0

MATERIAL: OFHC Copper

CENTER LAND FLATNESS VARIATION:
0,006 in., (0.,1524 mm,)

THICKNESS: MM, INCHES
) 6.3551 - 0.2502
Q) 6.,3094 0, 2481
) 643754 0.2510
® 6.3703 0.2508
COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, _ INCHES
©) 0.7925 0.0312
@ 0.8306 0.0327
©) 0.7239  0,0285
(:) © 0.7391 0.0291

PRESSURE REQUIRED TO FATL BOND;:
Panel failed at a pressure of
1.86 x 107 N/m% (2,700 psi).

0125 ino)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
) EF Ni ' A o Section showing
failure in the
25 .400 mm,
(1.00 in.) planned weak

12.700 mm,

(0.50 inlg_

AN
52
H
=
H

TR N TE Ry @‘\ R R ok
; ?ngﬁﬁ%m 0 SR ﬁtﬂﬂ

bond.
» Magnification 50X,

- . Section of plarm-
. ed full bond in
area next to the
weak bond,
Magnification 50X,

Al _ X ‘a‘ 5.-‘ R
fok 3 B RS BVRT

Area of panel
failure at Land

3. Note that the
thin coverplate
failed - not the
bond,
Magnification 50X,

FIGURE C-31
130



Panel No. C-36N

Summaticn x 1 0"

1600 "=

1400

1200

6 e Y AR ..L,.i ik
'v:rj;};‘}Total count was 32
i off scale for the-

: WAE multiplier r
“ﬂwhen fallure

1000

800

600

400 o

~ 200

Tt

0 689 1378 5067 2756 3445 4134 4823 5512
0 (1000)(2000) {3000) (4000) (5000} (6000) (70008000 (9000)(10, 000)

6201 6890 x 10

HNDT (Before AE)

- ——T -
e X
R 1
° b -
——T L

Press. 10,4 x 10° N/M
(150 PSI)

Pressure - N/Mz (PSI1)

AE
FLAW LOCATOR
CENTER LAND

|
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ELECTROFORMED PANEL NO, C=37N

BASEPLATE _
Task IV « Coverplate Thick- MATERIAL: OFHC Copper
ness - Non-bond CENTER LAND FLATNESS VARIATION:
y - 0,0035 in, (0,0889 mm.)
®) THICKNESS: - __ MM. INCHES
- 1 d - 6.4186 0,2527
NN N | @  s.es3 0.2545
| (B . 64745 0,25k9
® 6.3983 0,259
COVERPLATE
<) C) MATERIAL: Electroformed Nickel
THICKNESS : MM, INCHES
@) 0,7518 0.,0296
@ 0.6782 , 0.0267
YRIRS, ©) 0.6502 - 0,0256
@®  0.7823 0.0308
® PRESSURE REQUIRED TO FAIL BOND:
' Bond failed at_a pressure of
Land Width - 3.1750 mm, 1.86 x 107 N/mé (2,700 psi).
(0.125 in,) -
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
"T AN TH Section showing nonbond
25400 mm, separation, Magnificat-

(1,00 in.) %.ion 50X,

12,700 mm.i?
(0.50 il’]. ) :‘
. ;‘h

7 Section showing full
. bond adjacent to the
- "planned nonbond,
s, Magnification 50X,

3t
C A ?
‘:-‘.-.‘-'/'3'-[

-
Hlamg

P o

FIGURE C~32
132



Panel No. C-37N | | 1

Summatmn x 10

1600 - ol f.“L:l.i:' T T . ':f:{:;
SN AS A0 SRERT RS Y I i Al
': g |‘ IS " T DR B ooy
OO S .2 Total count was __
. .. | 1 b L ——
1400 s i ‘ ;...E:::]E"l':'.; 1 .Jf 1,870 when the '
" ! ii i"}i“' panel failed.
r200 b b b gy
]I . il‘
SENST L:‘i Ry
S P ST P T P IR RN RO
1000 - }-"l - L ': -
NI O Sk 0] PR AR AT ERERY PSR PR SPeT] ehts
' LS

PRISER BN | i

o eso 1378 2067 3756 3445 4134 4823 5512 6201 6890 x 10
0 (1000) (2009 (3000) (4000)(500) (6000)(7000)(8000) (9000)(10, 000)

Pressure - NfM (PSI)

ot

HNDT (Before AE) AE UT
FLAW LOCATOR
CENTER LAND
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Press, - 3,45 x 105 N/Md
(50 PSI)



ELECTROFORMED PANEL NO, C-06N

-

Full Bond

Q

alla

\J

®

Land Width - 3.,1750 mm,

(0,125 in,)

Task IV - Coverplate Strength MATERIAL: OFHC Copper

BASEPLATE
CENTER LAND FLATNESS VARIATION:
0,002 in, (0,0508 mm,)
THICKNESS: MM, INCHES
Q@ 6,5481 0.2578
) 6.5405 0.2575
3 . 6.6091 0,2602
@ ©6.4973 0.2558
COVERPLATE
MATERIAL; Electroformed Nickel
THICKNESS: MM , INCHES
©) 0,975k 0.0384
@ 0,975k 0.,0384
€©) 0.9296 0,0366
@ 140439 0,0411
PRESSURE REQUIRED TO FAIL BOND:
Panel did no? fail at a pressure
of 6,90 x 107 N/m% (10,000 psi}.
Slight coverplate deformation at

CENTER LAND DEFECT

No

Defect

A

FF Ni .

the channels occurred,

METALLOGRAPHIC ANALYSIS:

- C A Trgesw o eap
%

Magnification 50X,

FIGURE €C=-33
134



1000

800

200

Panel No; C-6N

Saummation x 10~
EPETRE0e FaEhe banad bauve rrpns eAtay o2

L AE ..

=

-1 Total count wa
1T 2,260 when the o
i: destructive test:

1. was complete,

“:A:I';:-.':'.:.:::]:'.:1 :_::_,..].;;ja;:_- i
;'.;.-. ..."-. AP DM IS IO |

B S

. _ . __ __‘ :P R P ' L
llDestructive Test E

600 =

400 1=

s ey

R n e

- %

I o

0 689

.

137

2067 2756 3445 4134 4823
0 (1000 (2000) (3000) (4000) (5000) (6000) (70008000 (3000)(10, 000)

5512 6201 6890 x 10*

Pressure - N/Mz (PSI)

AE

HNDT (Before AFE)

M

CENTER LAND

2
Press, 13,8 x 10 N/Md

(200 PSI)

- 135 .

FLAW LOCATOR
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ELECTROFORMED PANEL NO, C=-38N

. BASEPLATE
Task IV = Coverplate Strengt MATERIALs OFHC Copper
~ Weak Bond CENTER LAND FLATNESS VARIATION:
- ' 0,0035 in, (0,088% mm,)
€) THICKNESS ¢ MM, INCHES
- | @ 6.5532 . 0,2580
NN N | © 6.5938 0,2596
3 . 6.5303 0.2571
@ " 6.5964 0.2597
o) ® COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES
@) 0,9449 0,0372
@ 0. 9347 0.0368
J U U ©), 0.9855 0.0388
o) @ - 0.8915 0.0351
PRESSURE REQUIRED TO FAIL BOND:
. ‘ Bond falled at a pressure of
Land Width = 3.1750 mm, 3.45 x 107 N/m (5,000 psi),
(0,125 in,)

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
T () =r ni o | o Scction of plarmed
25,400 mm, —— ' weak bond showing
(1,00 in.) separation after
T pressurlzatlon to
“L’y“
12,700 mm, P
(0,50 in. )}
. N 7

-~ Section showing full
bond from region
" just below the weak
bond after destruct-
ive test.
'jMagnlflcation 50X,

FIGURE C~3k
136



Panecl No. C-38N : : 1

Summation x 10

1600 . l_!;;g”;’]';";qi's;-.;arr‘.:

 rTotal count was
when the (e
falled. '

1400 =+

SR

'—In"",*z' YT
t - - . .
+

"

[0
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R I ..

1200 w-«. ; ]
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f
L

s ey e — i

oo

1000 —

- -

800 —

g

200

0

P ey A T

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x1o4
0 (1000)(2000) (3000} (4000) (5000) (6000)(‘?000)(8000) (9000)(10, 000)

Pressure = N/M (PSI) - ]

HNDT  (Before AE) . AE Ut

FLAW LOCATOR

f_ii;;""'"!/"///‘l CENTER LAND
TR

m

Atter NDE and
Destructive Test

Press, 13.8 x 10° N/M ¢ 137 P
(200 PSI) ‘ ’



ELECTROFORMED PANEL NO.. C=39N

BASEPLATE

Task IV - Coverplate Strength
Weak Bond
r .h A
v UV
Land Width - 3.1750 mm,
(0.125 in,)

MATERIAL: OFHC Copper

CENTER LAND FLATNESS VARIATION:
0,006 in, (00,1524 mm,) :

THICKNESS: ___ MM, INCHES
(@  6.5888 0,2594
Q) 6.5557 0.2581
B  6.6599 0.2622
) 6.5126 0.2564
COVERPLATE
MATERIAL: Electroformed Nickel
THICKNESS: MM, INCHES -
@D  0.9246 0.0364
@ 0.9195 0,0362
©) 0,8484 0,0334
@ - 0.9754 0.0384

PRESSURE REQUIRED TO FAIL BOND: .

Bond failed at a pressure of
5,52 x 107 N/m% (8,000 psi).

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

25,400 mm,
(1,00 in,)

12.700 mm,
(0.50 i?il

Planned weak
bond section,
Disturbance of
OFHC copper
indicates a
stronger bond
than planned,
Magnification
50X

Section of full
bond ad jacent
to planned weak
bond,

Magnification
50X,

. "FIGURE C-35
138
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 Panel No, C=-39N

Summation x 10-1 A E

'_'...'

TR S L ] e W e R
R EEEE AN Total count was T
=+t 8,510 when the =
Shooh panel falled

1400

1200

1000

o 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 (1000)(2000) (3000) (4000) (5000) (6000)(?000)(8000) (9000)(10, 000)

Pressure = N/M {PS1)

HNDT (After AE)  AE UT
FLAW LOCATOR

CENTER LAND

5 2
Press, - 20,7 x 107 N/M ' ;
(300 PSI) : :



ELECTROFORMED PANEL NO, C-03N

BASEPLATE
Task IV ~ Coverplate Strehgth MATERIAL: OFHC Copper
. Non-bond CENTER LAND FLATNESS VARIATION:
. 0.003 in, (00,0762 mm,)
() THICKNESS: MM, INCHES
i . @ 6.,5964 042597
11N ©) 6,6472 0,261%7
(3 . 6.6269 0.2609
) 6.5811 0.2591
D ® COVERPLATE |
MATERIAL: Electroformed Nickel
THICKNESS: MM . INCHES
@ 0.9169 0,0361
@ 0.9169 0,0361
YRV ®) 0,9347 0,0368
0 @ - 0.9347 0,0368
PRESSURE REQUIRED TO FAIL BOND:
7 Panel failed at a pressure of
Land Width - 3.1750 mm. 2.35 x 107 N/m%? (3,400 psi).
(0,125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
?-rﬁ BE N3 _ : Section showing the
plarmed nonbond sep-
‘25.400_mm. P, o s A aration after destruct-
(1 'OO in ) e 3

ive test., Magnification
50X. Very slight metal
v disturbance indicates

., some Ptack" bonding

12,700 mm, ).
Vi was present,

{0.,50 inw )i-
( 5 lrlt_). e

View of full bond area
ad jacent to the plann-
ed nonbond,

.. Magnification 50X,

=
o e
-
A

FIGURE C~36
140



| Panel No.C-3N e

Summatmn x 10
1600 °

AE

38 ""l |4£‘]| :41 le'j
Total count was [
3,870 when the
panel fa:l_led.

1400

1200

1000

800

600

400 :,y . i"::ﬁi.“ [ [P g , g .___:.-. ':E‘.‘. A

200

0 rv ——- e e T e L o i e [-....-..'i
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10?
0 (1000)(2000) (3000) (4000)(50(1))(6000)(7000)(8000) (9000)(10, 000)
Pressure - N/M (PSI)
'HNDT (Before AE) . AE UT
| . FLAW LOCATOR
CENTER LAND

Press, 6.9 x 10 N/M 14 , '
(100 PSI) .



ELECTROFORMED PANEL NO, C«01C

BASEPLATE
Pask IV~ Standard Flaw Area MATERIAL: OFHC Copper
) Full Bond CENTER LAND FLATNESS VARIATION:
0,002 in, (0.0508 mm.)
C) _ THICKNESS: MM, INCHES
@ 6.4922 0.2556
10N @ 6.4821 0.2552
@ - ‘665075 0.2562
@ 6.4897 0,2555
) ® COVERPLATE |
MATERIAL: Eleciroformed Copper
THICKNESS: MM . INCHES
D 1,2344 0,0486
| 3@  1.2700 0.0500
J U U © 1.2370  0,0487
@ . ® - 1.2725 0.0501
PRESSURE REQUIRED TO FAIL BOND:
: ) Panel failed at a pressure of
Land Width - 3,1750 mm, 5,52 x 107 N/m? (8,000 psi)s
(0.125 in,) Failure was by manifold buckling.
CENTER LAND DEFECT. METALLOGEAPHIC ANALYSIS:
' 1o
EF Cu .
5“.
No OFHC E vé%_:'rf'xﬁdﬂ%¥x \ 2
Defect = RS S S A
Cu RSPl i 2.7 01

Section of the full bond in lLand 2.
Note that failure has just begun to
occur at the edge of the lard.
Magnification 100X,

FIGURE C=37
142



Panel No, C-1C

Summation
1600 L CpeEry R B SR E BE .::“'"“‘
.fi',?lﬁf] - Total count was |k
1400 ==y =4~ 3,600 when the ==
o i panel failed, x
1200 St It ] e At
1600
800
600
400
200 90 Db. gain and
I no fllter.
0 oo HORLEEINS S-S T e TR e L S Rl
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890:(104
0 (1000)(2000) (3000) {4000) (5000) (6000) (7000)B00C} (9000)(10, 000)
Pressure - N/l\/lﬁ2 {PSI)
HNDT (After AE) AE uT
FLAW LOCATOR
CENTER LAND
i
Press. 20.7 x 10° N/M2 143 .

(300 PSI)



ELECTROFORMED PANEL NO, C-16C

BASEPLATE
Task 1V « Standard Flaw Area MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
0,002 in. (0.0508 mm, )}
@ ' THICKNESS: MM, INCHES
| | @ 6.6345 02612
. NN . ® 6.6751 0.2628
Panel CD ' 6.6929 0.2635
Bulged 1iv ' ,
This Aredd] o ) 6.6294 , 0.2610
P
e
\C} |t @ COVERPLATE
\-\\ NMATERIAL: Electroformed Copper
\ N THICKNESS: MM, INCHES
N @ 112598 0.0496
: | @ 1.2700 0.0500
U S ' : @ 1.2675 0.0499
' @ @ ©1,.2624 00,0497
PRESSURE REQUIRED TO FAIL BOND:
i \ Bond falled at a pressure of
Land Width - %61_'1722 e 3.52 x 107 N/m2 (5,100 psi).

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS-
M EF CuS I ST

:';,'Planned weak bond
w8 failure, Note the
o, &ﬁﬁﬁ failure as occurr-
fzég&?“ % ing in the EF Cu.
¥ Magnlflcatlon 50X.

6. mm
(0. Arez of full bond

- ad jacent to the
ﬂ‘ planned weak bond.

i
i

iﬁf 3 Magnification 50X,
25,400 : o
(1.00 in.) o v é} =Sach ‘v& \ '\%P{?
u - s@-
lu K] i’”,, 43 '-1:7-'* _\_\.\ %ﬂg &m‘

FIGURE C-38
144



Panel No.C-16C

 Summation x 10°
1600 " .1 P

1400

1

1200

e

':131”.’:5,

-1 60,000 when the
anel fai

lL'"If'. .

punt was

led,
]

1000

800

600

SR =

4 Dest
: I et IEE

ructiv

e g
R | [ TR It

-400

200

ol mebe RS EIRE

- o t o

m——— -

90 Db. gain and
no filter.

LR DN D S PR b

0

689 1378
0 (1000) (2000) (3000) {4000) (5000) (6000) (7000)(000)

2067 2756 3445 4134

Pressure - Nsz

4823 5512 6201 6890 x 1
(9000}(16, 000)

(PS)

04

_HNDT (Before AE)

AE

.

FLAW LOCATOR
CENTER LAND

Presg; 13,8 x I05 N/M2
{200 PSI)

145
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ELECTROFORMED PANEL NO, C-17C

' BASEPLATE
Task IV -~ Standard Flaw Area . MATERIAL: OFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
0.005 ino (001270 mmu)
@) | THICKNESS: MM, INCHES
' ) 6.4262 0.2530
N N | @ 6.4110 0.252k
' . 6i¢ 6 O‘. 06
Panel O e 3652 25
4{Failed ® 6 44567 0,2542
}1in This
® 41 ..;’@ Area | COVERPLATE |
‘ A ¥ MATERIAL: Electroformed Copper
/// THICKNESS: MM, INCHES
%4 © 1.2370  0,0487
" - G@ 142954 0¢.0510
J U U C) 1.2979 0.0511
® . @ - 1.1862 0. OU67
PRESSURE REQUIRED TO FATI. BOND:
i Width 3,1750 Bond failed atza pressure of
an 1 - ° MM o 7 ; M
: ‘ (6,125 in.) 2,62 x 107 N/m% (3,800 psi).
CENTER LAND DEFECT. METALLOGRAPHIC ANALYSIS:
M EF cu Ppiee & Section of planned
. P g full bond running
%f:ggoiﬁws paraliél to the
* U 4§ planned weak bond,
<3 Magnification 50X,
12,700 mmn,
O. O i »
(0.50 in.)
. Section showing
?1a? width failure occurring
is 7 land in the planned

width weak bond area.

iy Magnification 50X,

' FIGURE C-39
146



Panel No. C-17C

Summatxon x 1 o
1600 °

P

I

1400

1200

Total count was
f : 33,000 when the

H.___—.L_] [N S

panel falled

HNDT (After AE)

i

1
!
i
i
SR
:
1
4
t

e 7‘,@' |

N

Press. 20.7 x 105 N/M"

(300 PSI)

FLAW LOCATOR

CENTER LAND

- ]

C147

1000
800
600
400 SRTES . —
Destructlve Test J. s
it : ﬂ*‘lﬂ esd EXRE NI F S I __r:-._‘;,_
200 - T 90 Db, gain and
no fllter.
U N . 1l Sl St [EE T e e ) e
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890:{104
0 (1000) (2000 (3000) (4000)(5000)(6000}(7000)(8000) (9000)(10, 000)
Pressure - N/M (PSI)
AE UT




ELECTROFORMED PANEL NO.

_180 llAll
' .E.A_S_EPLA__;.'.I‘.E
Task IV = Standard Flaw Area MATERIAL: DFHC Copper
Non~bond CENTER LAND FLATNESS VARIATION:
0,001 in, (0.0254 mm.)
©) THICKNESS: MM, INCHES _
Q) 6.3830 0.2513
a . : :
.1 0) 6.3500 0.2500
B3 . 6.3754 0,2510
) 6 .41 35 0.2525
Q) @ COVERPLATE o
MATERIAL; Electroformed Copper
THICKNESS: MM, INCHES
, Panel '
4 Failed @ 1.3056 0,0514
| in This @ 1.2751 0.0502
J— o G 1.7 0,0518
® @ 1.2675 0.0499
PRESSURE REQUIRED TO FAIL BOND:
: | 3 Panel failed at a pressure of
Land Width -~ 3,1750 mm, 1.31 x 107 N/m? (1,900 psi).
(0.125 in.) , .

- CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

M i P e "?W”Eiwm e T
' EF Cu ?‘f A R 'M{; P ﬁx’ %‘:?ﬁ?‘% ‘ﬂg Nonbond flaw area
25,400 mm, Sy, 5 R ST showing slight
(1.00 in,) K = ggl;,;f’ Jnrége'dlsturbance but
: PR N S ey S no failure,
Fia, 2 R Y
iL OFHC - '{//thiﬁﬁ?1mv’r£rm%\'% )- i ‘l Magnlflcatlon
Cu s, Fé;_q_%,é?f J_f.ﬂ A ‘ E._‘:j‘."‘\r:‘.@_ﬁﬂj‘l ﬁqb "" 1 OOX.
M SR 4& Planned full bond
6,350 mm e S, ﬁjj&hﬁ'\iﬁz with no evidence
(0.25 in, ; f”ﬁ?%ﬁ‘ & of failure,

Magnlflcatlon 50X,

v-"\—“r

22 Planned full bond
S area which failed
h'prematurely.
-}~Magn1flcat10n 50X.

. FIGURE C-40
148



Panel No.C-18C"A

Summation x 107! AE. | _
1600 ‘7...:f|‘;?,|'.'"f REL N I P e R T R T B R R B H O T
sl e Bl g l { - "I ; _.:g::‘.
‘ qf%m:j[ Total count was
Corpeps b 17,210 when the
o [ ;'ffiﬁ'ijpanel failed,

T I N

1400

1200

1000

800

Destructive Test 

600

:-.g-;-i.. e

pamein

400

o 30 Db. gain and
no filter,

|

N B P

200

e

i i g

PR DT SR S ——— FUANY SAP U S SN SOUUE S

0 " 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10*
0 (1000) (2000 (3000) {4000) (5000 (6000) (7000)000) (9000)(10,.000)

Pressure - N/M2 {PSI)

"HNDT AE - UT

FLAW LOCATOR
CENTER LAND

No hologram
was made
due to unexpected
bulge from
low pressure
A E test

1h9




ELECTROFORMED

PANEL NO, C-19C

CENTER LAND DEFECT

e
25.1400 mm}n
(1.00 in,)
v P
12,700 mn, P4
{0.50 lnﬁiﬁé

. T
EF Cu

BASEPLATE
Task IV - Second Flaw Area MATERIAL: OFHC Copper
- Weak Bond CENTER LAND FLATNESS VARIATION:
C.004 in, (0,1016 mm, )
€) THICKNESS: MM, INCHES
Slight ~ ) 6.5532 0.2580
Bulging — 1, ® 6,5507 0.,2579
Noted ~
in These]~| ©) . 6.5913 0.2595
Areas - ' C) 6.5303 0,2571
After N “ _
Test (j\' A C) COVERPLATE _
\\\\ ' \g MATERIAL; Electroformed Copper
N THICKNESS: MM . INCHES
™~ @) 15,2548 0.0494
N @ 1.2319 0.0485
4 )
YHVIRY €) 1.2065 00,0475
0 @ 1.2598 0, 0496
PRESSURE REQUIRED TO FAII, BOND:
Panel failed at a pressure of
1.24 x 107 N/mZ (1,800 psi),

METALLOGRAPHIC ANALYSIS:

AR A T W

FIGURE C~41
150

Section through +the
planned weak bond,
Note separation as
occurring between
the initial copper
deposit laver and
subsequent build-up,
Magnification 100X.

Section showing the
full bond near the
planned weak bond,
Magnification 50X,



Panel No. C-19¢ | = -

Summat:.on x 10 1
1600 . g
1400 . f Total count was ~—
b f 28,000 when the
panel falled. .
1200 o
1000
800" -
600
-400
200 S
90 Db. gain and
o I no fllter.
0" o890 1378 2067 2756 3445 Al34 4823 5512 6201 6390 x 16*
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000)B000) (9000)(10, 000)
Pressure - N/l\/i[2 {PSI)
HNDT (After AE) AE uUT

FLAW LOCATOR
CENTER LAND

g
|

151
Press, 27.6 x 105 N/I\/I2 °

(400 PSI)




ELECTROFORMED PANEL NO, C=20C

BASEPLATE

Task IV - Second Flaw Area MATERIAL: OFHC Copper
; Weak Bond CENTER LAND FLATNESS VARIATION:
0,002 in., (0,0508 mm,)
€©) THICKNESS MM, INCHES
Panel — S ©) 6. 6040 0,2600
oOwe > r\
Bulging ' @ 6.6396 0.2614
in Thesel] | (3 - 6.6243 0.2608
Areas ~. n 660 én
Aftor | @ 6.6091 0.2602
Teat = X
@ 2 @ COVERPLATE .
| MATERIAL: Electroformed Copper
THICKNESS: MM , INCHES
@D 1.7 0, 0491
| @) 15295k 0,050
U U ©) 1.3081 0,055
o : @& - 1.2979 0.0511
PRESSURE REQUIRED T0O FAIL BOND:
Bond failed at_a pressure of
1.31 x 107 N/m§ (1,900 psi).
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
. s S o B
i FF Cu Section of the
25,400 mm, planned weak
(1.00 in.,). ! hond showing
l interface layer
disturbance
during failure.
T Magnification
25,400 mm, _IOUX.
(1,00 in.)
_L_ ity Section of the
il planned full
gy bond ad jacent
Flaw width = to the weax
is ¥ land hopd  bond. _
width < Magnification
' kil soX.
(IR
v

FIGURE C-i4t2
152



ganel No. C-20C
Summatzon x 10 1_ AE .
1600 ' : 3 'i::l;.::: RN ';:::l:r.; .‘:::i T "i

i s P

' Total count was
of'f secale when

.ot

1400

[ SO S
[ SR
. R B

1200

1000

- H e tenoe
PR I Ltz -
et
[ s
I E e e s

T
i e e

800

600 =

400

90 Db. gain and
no filter.

200 =

._.'._'_9 R - R it s

o 689 1378 2067 2756 3445 4134 4823 5512 6201 6890:.:104
0 (1000)(2000) (3000) (4000) (50(1))(6000)(7000)(8000) (9000)(10, 000)

Pressure - N/M (PSI}

HNDT {After AE) AE uT
FLAW LOCATOR

CENTER LAND

Press., 27.6 x 1015 N/'M2 153 ,

(400 PSI)



ELECTROFORMED PANEL NO, C-21C "A"

"BASEPLATE

Task IV = Second Flaw Area MATERIAL: OFHC Copper
Nonbond ' CENTER LAND FLATNESS VARIATION:
- 0.006 in, (0.1524 mm,)
€©) THICKNESS: MM, ._INCHES
. . @ 603119 012485
N .N N Q) 6.2916 0,2477
B - 6.3043 0.,2482
O] 6.3195 0.2488
o @ COVERPLATE |
MATERIAL: Electroformed Copper
_ THICKNESS: MM, INCHES
‘ Panel : -
4—|{Bulged ir @ 1,2929 0.0509
q/ This Ares @ 1,2852 - 0.0506
b UV ©) 1.3030 . 0,0513
® ® - 1.2700 0.0500
' PRESSURE REQUIRED TO FAIL BOND:
. . _ Panel failed at a pressure of
Land Width - 3.1750 mm, : .
' (0,125 in.) 1.79 x 107 N/m? (2,600 psi).
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

Y|

L,;' Section from the
i planned full bond

%f.ggo_mmi et area showing no
. 1N _ g s failure after the
~ oy i M RAEF s  destructive test,
N T T I R I . - .
G N Ve N, i Magnification 100X,
) o o py {\-‘__'.« 7y :‘S* r
12.700 mm, PR LAY T/ R S (ia
(0. 50 in. ’
EnY rz Section from the
plammed nonbond.
-« The bondline has
é&/ . 4 the appearance of
&, S o rE N e e e 2”7 o full or weak
O R B ft.q}.;?{"{ SR %% bond and shows no
g’ o e e lee . A% e evidence of faillure.
OFHC k. 130)™Y' g 0 o0 i) 3’ Magnification 100X,
. £ rY R Va 65~ .
Cu * LG e Can e o Veela V4L L SRR

FIGURE C-43
154



Eanel ND‘C'Z el VL

Summation x 10-1 AE
1600 "' | . ST '

B 7 potal count was |
+id-pe b1 3, 500 when the =
TR |l - panel falled. o

1400

1200

1000

800

600

400

- @
@
o+

P TR R
casflianmans i -
s el it S
¥
¥

_ .'.!-:": ooy : S ' 90 Db gain and
i no filter._

) _b &. e _w R ) o

0 689 1378 2067 2756 3445 4134 4823 5512 6201 689ox104
0 (1000){2000 {3000) {4000) (5000)(6000) (7000)B000) (9000)(10, 000)

Pressure - N/M {PSI)

HNDT ( After AE) ' AE UT

FLAW LOCATOR
CENTER LAND

Press, 6,9 x 105 N/M2 "~ 155 ‘
(100 PSI) ' | ‘



ELECTROFORMED PANEL NO, C=-04C

BASEPLATE

Task IV = Coverplate Thicke-
ness =~ Full Bond

©)

allalal

-

p J v
Land Width - 83,1750 mm,
(0.125 in,)

MATERIAL: OFHC Copper

CENTER LAND FPLATNESS VARIATION:
0,002 in, (00,0508 mm, )

THICKNESS: MM, INCHES
€ 6, 4065 0.2538
@) 6.4567 0.2542
3 6.4719 0.,2548
® 6.4033 0.2521

COVERPLATE
MATERIAL: Electroformed Copper

THICKNESS: MM, INCHES
®) 047620 0.0300
@ 0,7036 0.0277
©) 0.6379  0.0259
@ - 0.7772 0, 0306

PRESSURE REQUIRED TO FAIL BOND:

Panel failed at a pressure of
2.42 x 107 N/m% (3,500 psi).

CENTER LAND DEFECT. METALLOGRAPHIC ANALYSIS:
r\
EF Cu_gr Section of full bond
which did not fail,
Note start of failure
< at edge of land,
Magnification 100X,
No )
Defect OFHC
Cu
[l __’ .
./

FIGURE C-4k
156



Panel No. C-4C

Summation x 10~

1600 ° l
i

1400 ;"j'

1200

L'.Z‘.'.‘.:‘:|’ T i"'l
. ’E.IJ R ‘I.r;‘ pool Z'i‘..‘
T petal count was
+—+-—{ 188 when the
1. ! panel failed.

1000

800

600

400

200

: Py & HEEH R L g
0 689 1378 2067 '3756 3445 4134 4823 5512 6201 6890x104
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000)B000) (9000)(10, 000)

N/MZ (PsI)

Pressure =

.t e

*f—no filter.

smeg mrpmem—r——

T

HNDT (After AE)

Press, 20.7 x 105 N/M2

{300 PSI)

AE
FLAW LOCATOR
CENTER LAND

157

UT




ELECTROFORMED

PANEL NO. C~22C "A"

BASEPLATE

Task IV = Coverplate Thick~
ness - Weak Bond

Panel Bulged
in This Area

./
®
3.1750 mm,
(0. 125 in.)

Z

1Land Width -

CENTER LAND DEFECT.

MATERIAL: OFHC Copper

CENTER LAND FLATNESS VARIATION:
0,0015 in, (0.0381 mm,)

THICKNESSs MM, INCHES
©) 6.3830 0.2513
©) 6.4084 0.2523
(B - 6.4287 0.2531
® 6.4211 0.2528

COVERPLATE -

MATERIAL: Electroformed Copper

THICKNESS: MM, INCHES
©) 0.7239 0,0285
@ 0.6960 0.0274
©) 0.73111 0.0289
) 0.6985 0.0275

PRESSURE REQUIRED TO FAIL BOND:
Panel failed at a pressure of
0.97 x 107 N/m? (1,400 psi),

METALLOGRAPHIC ANALYSIS:

() EF Cu bt 4 Section show1ng
25,400 . s Sk failure in planned
(1,00 in.) . e e weak bond region.
: '?ﬂéq j?xx{ny,A(ﬁﬁg@ééMagnlflcatlor 50X,
" OFHCQﬁQKt”. *%ﬁ}53f§§5?;%g\~ g
](2.700 mn, % Cu #7adaig ‘53% LS ALIAB I
0,50 in ' '
3 ] f.xFull bond region
S 4 ad jacent to the
ey R A 'planned weak bond.
i"? f y__:'-':-'."ﬂ’No failure was
OFHCAE$7¢L,? 4gwg§1noted Magnification
| Cuﬁﬁf* T” ﬁﬂﬁwww-
o af\c}ﬁ;utm Y] r\_cr

FIGURE C-45

158



Panel No.C-22"A"

Summation x 10'1 AE _
1600 ° T

b ] I e ‘."': R
S e* '.l!{l : aaih [
e Total coun‘t was

1400 -~'_-~{-*’--':ﬁ—.--r-l-¥~‘l--i41"’:‘E RS PEE IE BN NN 49,000 when the __
1 e T paned failed, ..

|

|

1200

1000

800

600

00 bl

R

s
e

!
P R L
,:‘.,i..:_ PR I .
g e b

90 Db, gain and
P no filter.
SN R LIRS 0 ‘ SRS SRt LS PTIRANERES R Rl ot Mt St
0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890x104:
0 (1000)(2000) (3000 (4000) (5000) {6000) {7000}{000) (9000)(10, 000)

Pressure - N/MZ {PSI)

HNDT (After AE) ' AE uT
FLAW LOCATOR
CENTER LAND

Press. 6.9 x 10° N/M2 159 ,
(100 PSI) - .



ELECTROFORMED3PANEL.N0. C-23C "A"

'BASEPLATE

Task IV - Coverplate Thick- MATERIAL: OFHC Copper
ness - Weak Bond CENTER LAND FLATNESS VARIATION:
0.0025 in, (0.0635 mm.)
©)] THICKNESS:  ___ MM, INCHES
| : ©) 6.5227 0.2568
N.N N . O 6.5253 0.2569
| = (B 6.4821 0.2552 -
O] 6.5608 0.2583
® ® | COVERPLATE
‘ MATERIAL: Electroformed Copper
THICKNESS: MM, INCHES
@ 0.8001 0.0315
| @ 0.7417 0.0292
J U ©) 0.7671 0,0302
‘ ® . @ - 0.7493 0.0295
PRESSURE REQUIRED TO FAIL BOND:
: Panel failed at a pressure of
Land Width - 3.1750 mm, 1.59 x 107 N/m% (2,300 psi).
: (0.125 in,) _ : : ,
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
" {) EF culigty ) 4 Section of the

4 planned weak bond
showing no failure,
8 Coverplate failed

g at too low a press-
ure to fail bond.
Magnification 50X,

.y S€Ction of planned
k4™ full bond on Land
. 3 adjacent to the
: v } Land 2 weak bond,
12,700 mm, Magnification 50X,
(0,50 iny,) 3

FIGURE C-46
160



Panel No.C=-23CUAM H |
Summation 4 10-1 ‘ AE
1600 - e s .

T RS EFass Pasas et e a
1‘. . BRI IR V- P
SRS l ".‘i‘::.; .:;z'.::ll ::'i:.rf_::_izx..:;.';‘f

i m—f Total count was
r“ 10,000 when the -~
panel falled '

1400

1200
1000
800
600
0 R :
40 : E = I EE 90 Db gain and
- Destructlve Test  no filter,
200 : R S R “
0 689 13'78 2067 2756 3445 4134 4823 5512 6201 6890}{104
0 (1000)(2000) (3000) (4000) (5000) { 6000)(7000)(8000) (9000}(10,.000)
Pressure - N/M (PSI1)
"HNDT (Before AE) AE - UT

- ‘ FLAW LOCATOR
CENTER LAND

! -(."-('.' b} :.\~".

Press. 6.9 x 10° N/M% -~ - - 1oL
(100 PSI)




ELECTROFORMED PANEL NO, C-24C "A"

BASEPLATE
Task IV = Coverplate Thick- - MATERIAL: OFHC Copper
ness - Nonbond CENTER LAND FLATNESS VARIATION:
0,001 in, (0,0254 mm,)
©]) , THICKNESS: MM INCHES
‘ - : © 6.,4770 0.2550
1HE2 @ 6.4821 0.2552
(3 6.4897 0.2555
@ 6.5024 0.2560
o) ® COVERPLATE _

- MATERIAL: Electroformed Copper
THICKNESS: MM, INCHES
@) 0,7163 0.0282
, @ 0.7239 0.0285
J U U | ©) 0.7366 0.0290
D) . @ - 0.6934 0.0273

PRESSURE REQUIRED TO FAIL BOND:

. - g Panel failed at a pressure of

Land Width = 3.,1750 mm, :
. (0.125 iny) 0,76 x 107 N/m% (1,100 psi).
CENTER LAND DEFECT. METALLOGRAPHIC ANALYSIS:

«¢74 Full bond area
ek next to planned
nonbond, Note
initiation of
failure at land
edge, Magnificat-

25-hoo mmo
(1.00 in.).

12,700 mm, {3
(0.50 in, ) ¥%
Separation of the
planned nonbond,

No metal disturb-
23 ance was noted.

. Magnification 50X,

FIGURE C-U47
162



Panel No, C-24C

count was

when the

failed.

i

Summation x 107} AE . - o
=mfﬁn:u:n:fnﬂr“:nﬂni':ﬂ““"*J?L:‘ﬁirﬁigﬂtLJ”:*

L' 3

1000

800

600

-400

200

e

90 Db. gain and
no filter,

0 689 13

3445 4134

4823 5512 6201
0 (1000)(2000) {3000) (4000) (5000) (6000) (7000)B000) (9000)(16, 000)
Pressure - N/I\/I2 (PSI)

6890 x 1

04

HNDT (Refore AE)

Press, 3,45 x 105 N/M2
(50 PSI)

AE
FLAW LOCATOR
CENTER LAND

UT

m&mmwmwmme;y

Th S A R

AREURIBE R

8
_g :
% .
g .
5
2
]
=
H




ELECTROFORMED' PANEL NO, €-12C "A"

BASEPLATE

Task IV - Coverplate Strengt
Full Bond
N N N
Panel 1 P
- fFailed inj—=
This Area
N4
Land Width - 3.1750 mm,
’ (09125 i]‘].)

:

CENTER LAND DEFECT.

A

. 3‘ e e
OFHC yriadds
Cu

No
Defect

MATERIAL: OFHC Copper
CENTER LAND FLATNESS VARIATION

0,003 in, (0.,0762 mm,)

THICKNESS : MM. INCHES
©F 5.9665 042349
®@ 5.9639 0.2348
©) 5.9588 0.2346
@ 5.9258 0.2333

COVERPLATE -

MATERIAL; Electroformed Copper

THICKNESS: MM, INCHES
©) 1,2040 0. 0474
@ 1.1811 0.0465
©), 1.1760 0.0463
® 1.2294 0, 0484

PRESSURE REQUIRED TO FATL BOND:

Panel failed at a pressure of
3.80 x 107 N/m% (5,500 psi).

METALLOGRAPHIC ANALYSIS:

(s ¥4 region, Bond 1line
34X appears to contain
widd intermittent areas
5: of failure initiat-
ion, Magnification
le 50X,

eamtPlanned full bond
piwhich failed during
e destructive test.
i Magnification 50X,

FIGURE C-48
164



Panel No. Cc.12C

Summation x 10°1 . AE | -

1600 = it p T T T T ST Fies $~T
e | SR

S 1B g L ount was i

1400 ‘ - 7 35,000 when the
R ORETN ELVES UM DR B i|:- panel failed, :

1200 S ::f: o 3 e pier 'V'.'__E;”_:_;:*::‘

1000

800 e
600 _Er Destlructlve

...|

400

I

200

90 Db. gain and
no filter,

ERE RN FEEE R BN R RIS i R
[ B AR R & 508 PR

la E —l_ o _"l:: ,,

L L I e e e e n;_u:.:l:.::.;: L >

0 68 1378 2067 .2756 3445 4134 4823 5512 6201 6890 x 104
0 (1000)(2000) (3000) (4000) (5000) (6000) (7000){8000) (900G(10, 000) -

Pressure - N/IVI2 {PSI)

HNDT (Before AE) AE UT
FLAW LOCATOR

CENTER LAND

i

Mt Fﬁ%ﬂi&% <

N R T

i

srigeh

:
|

Press.ald, 8 x 10° N/M . < 165
(200 PSI)




ELECTROFORMED_PANEL.NO.C-25C AN

BASEPLATE

Task IV - Coverplate Strength MATERIAL: DFHC Copper
Weak Bond CENTER LAND FLATNESS VARIATION:
0.003 in. (0,0762 mm,)
() THICKNESS: MM, 7 INCHES
- | ©) 6.1570 O, 2424
NN | @ 6.1468 0.2420
B - 6é.a722 0.2430
) 6.2026 0.2442
@ @ COVERPLATE
: MATERIAL:Electroformed Copper
'Panel THICKNESS: MM . INCHES
‘lli‘ailei in - @ 12243 0.0482
his reiiig - @ 1.2141 0.0478
\{b i ©) 151862  0,0467
o | ®  1.1938 0.0470
PRESSURE REQUIRED T0 FAIL,L BOND:
Land™idth - 3.1750 mm. Panel fai%ed ag a pressure of
' (0.125 in,) 3.93 x 10/ N/m5 (5,700 psi).
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
TTYﬁ EF Cu”’ '¢ Section from planned
'f '.weak bond indicates
o ggolg 3 A HsZ a full bond actually
SR ‘H-,,, =il e, Was obtained, No signs
Ogﬂc“' *ﬁ ey SR of failure are noted,
8 = Magnification F0OOX,
12,700 mm, {/ 28 b
(0.50 1n.)'/ J
L. VA EF Cu Panel failed in lower
part of Land 1 and the
manifold, Note failure
occurred through an.
i unplanned weak bond
A on one side of the
Wland and tore through
i the copper coverplate,
Magnification 32X.
OFHC.
Cu
v -

FIGURE C-49
166



Pancl No.C-25CAH

Sunnnauon xlO

1400
1260
1000
800
600
400

200

JEUPARTILINNS it G- G
o " 689

ORI N o R B

[REhE ,_L“;{.'_'__I_...-_b___.., B T s

'¢3f? Lo Total count was =2
; i ‘ 970 when the T
' it ! 1. | panel coverplate -
4] failed, :
SRR TR B [ !1" N i'_'_"".‘_f-'

S 5 L 1 i . g

; - U B i I :

e s e e

l '1 ..... . I i
‘ |- E i ;

oo e

JS DSPAS SR PR

SR ‘ L

!.f‘ﬂ.Ji_' | -

| o

S4Destruct1ve Test L;Llffmp ;f%
1590 Db gain and &:v
s no filter. iy

1378 2067 3756 3445 4134 4823 5512 6201 6890 x 10
0 (1000)(2000) (3000) {(4000) (5000) (6000)(7000)(8000) (9000){10, 000)

Pressure = N/M {PSI)

4

HNDT (Before AE)
! vﬂm“’//\

Press. 13. 8 x 10° N/M>
(200 PSI)

AE UT

FLAW LOCATOR
CENTER LAND




ELECTROFORMED PANEL NO, C-~26C "A"

BASEPLATE

12.700 ma%m

(0.50 in._L‘:

Task IV -~ Coverplate Strength MATERIAL: OFHC Copper
Weak Bond - CENTER LAND FLATNESS VARIATION:
None detected,

() THICKNESS: MM, INCHES

@ 6,0706 - 0.2390

r!
- @ 6.0706  0,2390
) 6.0655 0.2388
o @ | COVERPLATE

- MATERIAL: Electroformed Copper
THICKNESS: MM, INCHES

@ 1,2040 0.0474

| @ 1.2268 0.0483

J U\ €) 1.1938 0.,0470

: ® . @® - 1.214 0.0478

PRESSURE REQUIRED TO FAIL BOND:
LandYidth 1750 Panel failed at a pressure of
and Width = T Ty 5.18 x 107 N/m2 (7,500 psi).
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
o 7 LI Ee A .
M Because of a large
£ unplanned nonbond
w%%.ggo-mm. noted on the original
* in.) panel, the baseplate

® was machined t0 re-
‘i move the old covery
i* The baseplate had
burrs from the machin
ing which were not
vy completely removed by
9t pickling!s When the
‘% new coverplate was
w4 fabricated, the burrs
% failed under pressure
il and gave the false
conception of a weak
bond's The planned wea
bond did not fail nor
show any evidence of
failing. Magnificatio
- 50X,

FIGURE C=50
168
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Panclbﬁ>c 26 AN

Summatxon x 10 . B
1600 ! | _,‘ T Il ;

rnqg,pnwﬂ”‘“.

RS WU UV AN [P I

1400 -———oebek

1200 -
1000

800

600 _.H

Destructlve Test

.‘,‘,-,_ﬁ_.,;ﬂ.;m‘_. R !
| T

. H Lo H i
luutunuunu,ﬁpnnnnnuuun. e s

400 il

T ! C """“f
B e ..5 g IR !
200 I 90 Db. gain and ]
:jf;f no filter. J
0 i S

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x10*

0 (1000)(2000) (3000) (4000) (5000) (6000) (7000000 (9000)(10, 000)
Pressure - N/M2 (PSI)

HNDT (Before AE) _AE uT
FLAW LOCATOR
CENTER LAND

Press, 13,8 x 105 N/Mz 169
(200 PSI). '



ELECTROFORMED PANEL NO, C-27C

BASEPLATE

Task IV - Coverplate Strength] MATERIAL: OFHC Copper
Nonbond CENTER LAND FLATNESS VARIATION:
0.001 in., (0.0254 mm.,)
©) THICKNESS:. MM, INCHES
{] M JBulee in @ 6.4110 0.2524
inis Ared - (®  6.3856 0.2514
ive Test
@ ® - | COVERPLATE
: MATERIAL: Electroformed Copper
THICKNESS: MM . INCHES
©) 1.2929 0,0509
| @ 1.2751 0.0502
U U L ©)] 1.2878  0.0507
0 . @ - 1.2954 0.0510
PRESSURE _REQUIRED TO FAIL BOND:
. . Panel falled at a pressure of
Land Width « 3.1750 mm,
, (0.125 in.) 1.10 x 107 N/m? (1,600 psi).

CENTER LAND DEFECT. METALLOGRAPHIC ANALYSIS:

Section of an

25.400 mm, unplanned weak
(1.00 in ) : bond at the top
manifold end of
-i_ Land 3, Lack of

- metal disturb-

12.700 mm. ance indicates
(0.50 in, very weak hond.

Magnification 50X.

Section of the
planned nonbond,
Metal disturbance
indicates some
tack bonding had
N pg e, occurred,

% Magnification 50X.

FIGURE C-51
170



Panel No,C-27C

Summation x 10”1 AE
1600 " T ':--:-:':"::".""‘.':..:::‘.:.‘.1':"““"
) e !:.i' : f”‘ Ila%if.«.} ; ;En.:l .ni :».I:;l.. :
. Tl Potal count was =

1400

~L-1 82,000 when the —
SE panel falled. i

O DR R . [ BN EE B
1

1200
1000
800
600
400 Il Sp o Rios nh gnt e e T T
- 200 90 Db, gain and
:'_‘:..‘_.'L;"“- [P edlorsd ST T.;  ho filter,
R T _ .._;: MR SEEey 'L'I;-E: R AT e R et R R Sk O MR ARULAE |
0 689 1378 2067 2756 3445 4134 4323 5612 6201 6890 x].O4
0 (1000)(2000) (3000) {4000) (5000) (6000) (70008000 (9000)(10, 000)
Pressure - N/M2 {PS1)
HNDT (Before AE) AE uT
FLAW LOCATOR
CENTER LAND

Press, 13,8 x 10° N/M" 171 ;

(200 PSI)



BRAZED PANEL NO, B-O4

BASEPLATE

Task IV - Standard Flaw Area "MATERITAL: OFHC Copper
Full Bond :
THICKNESS: - MM, INCHES

® O 6.4313 0,2532

@  6.k287  0.2531

nnNan | @ 6.4770 0.2550
) - 6,3805 0.2512
COVERPLATE

MATERIAL: 304L Stainless Steel
(:) ' (:) THICKNESS: MM, INCHES
(1) 1,2217 0, 0481

(2)  1.2217  0.0481

(3) 1.2217 0.0481

(1) 11,2243 . 0.0482

PRESSURE REQUJIRED TO FAIL BOND:

Bond falled at a pressure of
3.73 x 107 N/m2 (5,400 p31)

Land Width - %}1750 mm’,

125 in,)
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
q ) PR - '-‘-_‘"‘,"-'-‘-"'"‘ ,.._,_:.F:,._', I .‘w"?

304L . " Planned full bond
SS  pepce— ~ showing area of
A braze failure from
/4 destructive test.
Magnification 50X,

O04L S e _ “i Area of planned
No SS ' : " full bond next to

Defect T _ - bond failure after
A —— n— u destructive test,
sy Magnification 50X.

FIGURE C-52
172



Panel No, B-4
Summatmn x 107 -1 AE | N
1800 TR T
Total count was i,
1400 16,800 when the

I

.....

braze bond
falled

1200

1000

800

600

Destructlve Test

400

200

e 'Al P

80 Db. gain and
0.1 MHZ filter. {

i}

=
0 689
0

1378 2067 2756 3445 4134 4823 5512
(1000) (2000) (3000) (4000) (5000) (6000)(7000)(8000) (9000)(1, 000)

Pressure = N/M

6201 6890 x 10*

(PSI).

HNDT (Before AE)

""-L____/« g

Y T

)

Press. - 13.8 % 105 N/Mz_,

. (200 PSI)

AE

FLAW LOCATOR

CENTER LAND

UT




BRAZED PANEL NO, B-18

BASEPLATE .

‘Land Width -

Task IV = Standard Flaw Are
Weak Bond

L U

3;1?50 N,
{0.125 in, )

: 'MATERiAL| OFHC Copper
THICKNESS: *___ MM, INCHES
@D 6.6827 0.2631
@ 6.6091 0.2602
G) 6.6599 0.2622
@ - 67234 0,2647
COVERPLATE
MATERIAL: 3041 Stainless Steel
®  THICKNESS: MM . INCHES
® 1.,2217 0. 0481
() 14,2243 0.0482
(3) 1.2243 0.0482
(1) 1.2243 0.,0482

PRESSURE _REQUIRED TO FAIL BOND:

CENTER LAND DEFECT

25,400 mm,
(100 in,)

Hy

6.350 mb

(0.25 in.)

T

N\

METALLOGRAFPHIC ANALYS

!

- Full braze bond

Braze failed at a pressure of
2.90 x 107N/m? (4,200 psi).

IS:

: near the planned

_ weak bond. Voids

in braze indicate
some metal failure
in Bestructive
test, Magnification

* 50X,

- % Complete bondline

FIGURE C-53
174

! geparation occurr-

ed in the planned
weak bond, Braze
layer appears to
he "“starved™.
Magnification 50X,



Panel No. B-18

Summatz,on x 1 0
1600 -

1400

1200

1000

800

600

400

200

P PRI 4

0 689 1378 2067 2756 3445 4134 4823 5512 6201 6890 x 10
0 (1000)(2000) {3000) (4000} (5000) (6000) (7000)B000) (9000)(10, 000)

Pressure - N/M2 {PSI)

HNDT (Before AE) AE uT
. FLAW LOCATOR
CENTER LAND

Press, 13,8 » 10° N/M° . 175
{200 PSI)



BRAZED PANEL NO. "B-16

BASEPLATE

[fask IV - Standard Flaw Area | MATERIAL: OFHC Copper
‘ Weak Bond -
THICKNESS: -___ MM, INCHES

€ @D 6.6904 0.2634

@ " 6,7031 0.2639

. - . ‘
N[ - (B 67005 0,2638
| ®  6.6827 0.2631
COVERPLATE
MATERIAL: 304L Stainless Steel
® 1@ THICKNESS: MM, INCHES
| (1) 1:,2243 0.0482
Area of 4 - (2) 142243 0.0482
Buckling NS (3) 142243 0.0482
al . .
g U (1) 1.2217 0.0481

@ 7 PRESSURE REQUIRED TO FAIL BOND:
o - Braze failed at a pressure of
2,83 x 107 N/h. (4,100 psi).

Land Width - 3. 1?50 MM

(0,125 in,)
CENTER LAND DEFFCT METAL;OGBAPHIC_@HALYSIS; | L
~ 30LL - e "mf e R * - - Planned weak
Ss . oL o bond with
25,400 mm, . . ' mpreny intermittent
(1.00 im,) i e C '“""f-;ﬁ:q#’*braze joints,
' / 4 “_Note slight
OFHC::A_ ; NN NEIA L . separation,
CCu TR A, S Qs g = _QE-aMagnlflcatlon
12.700 mm, R LR ‘50x.
(0.50 in.} ifs0u1 . “Fyll bond area

Flaw width ¥Mnext to planne

s % land
width

73, ST mweak bond,
(%& 5 "Magnlflcatlon
o Fam, qFailed full
. “bond aftgr the

FIGURE C 54
176



B-16

———

' Par{ei No.

'o ! T
o
[ U

a
2 1;1‘ b
.M m
g 1t
"B o o
04 O =
n o <
Lol Lo |

13,620 when the

L.- Totai count'was
braze failed,

RN
R
R Bt
L) - . ..

fDestructiVé Test .

jooo ew
] N .

1378 2067 2756 3445 4134 4823 5512

ot

6201 6890 x 1

(1000) (2000) {3000} {

4000) (5000) (6000) {7000){000) ({9000)(10, 000)

Pressure - N[M2 (PSI)

uT

AE
FLAW LOCATOCR

CENTER LAND

HNDT (Before AE)

2
N/M

5

Press, 20,7 x 10

{300 PSI)



BRAZED PANEL NO, B-08

" BASEPLATE

Task IV - Standard Flaw Area
Nonbond

®

-Lan Wldth - 3,1750 mm;,

'MATERIAL: OFEC Copper

THICKNESS: -___MN, INCHES
@O  6.6675 0.2625
@ 6.6700 0.2626
(:) : 6.6599 0.2622
(:)  6.6396 0.2614

COVERPLATE

MATERIAL: 30LL.Stdinless Steel

PHICKNESS: MM, INCHES
(1) 1/, 2268 0, 0483
(2) 1,2268 0.0483
(3) 1/,2268 0.0483
(1) 10,2243 0 0482

PRESSURE REQUIRED TO FAIL BOND:
Panel showed v151ble fallure at

~a pressure of 3,45 x 107 N/m?
(5,000 psi). Nonbond separation

(04125 iny) _
ma¥y have occurred at a lower value,
CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
[ 304L ' i T “Planned nonbond area

3

- 25,400 mm,
(1.00 in,)

*'ﬁ

6,350 mm,
(0.25 in.)

showing some braze
wetting of the OFHC
Copper but no wett=-
Bing of the 304L SS,
- Magnification 50X,

FIGURE C-55
178
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Pa}lef_f\Io B~-8

Summatlon x 10
1600 = . i T

(SR kTR DEEI U

1200

1000

800
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- 400

0 689
0 (1000)(2000) (3000 (4000)(5000)(6000)(7000)(8000)
Pressure - N/M {PSI)

1400 ___‘,_ NS N A
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:lll‘
l
1
i

‘9‘.— @l -:! { !
1378 2067 2?56 3445 4134 4823 5512

T i T 3 l‘r i I N O
‘E“"L"“—":'—'i ’*I e N ot t":_.
NI R _j.._m_'*r-_i_ﬂ,TOtal coun‘t was .
o4 o 1, 1,060 when the

i | e i i - panel failed, . =

I I

" o
H .
—
it T

s

6201 6890 x1
(9000)(10, 000)

¢

4

HNDT (Before AE)

Press, 34,5 x 10° N/M2

(500 PSI)

AE uT

FLAW LOCATOR
CENTER LAND

179



BRAZED PANEL NO. B=20

‘BASEPLATE

Tagk IV - Second Flaw Area
Weak Bond

®
AT

- ®

Land Width - 3.1750.mm°

THICKNESS: " __ MM,

MATERJALs OFHC Copper

INCHES

@  6.355
@  6.4059
() | 6.huk
@ - 6.3525

0.2502
0.2522
0,2536
0,2501

COVERPLATE

MATERIAL: 3041 Stainless Steel

THICKNESS: MM, INCHES
(1) 1.2217 0,0481
(2) 1,2217 0,0481
(3)  1.2243 0.0482
(1) 1.2217 0.0481

PRESSURE REQUIRED TO FAIL BOND:

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:

-

3041 -

- 25.400 mm,
{(1.00 in,)

12.700 mm,

(0.50 ini

FIGURE C=-56
180

Braze failed at a pressure of
F.24 x 107 N/m3 (4,700 psi).

Section from

planned weak -
bond showing
end of defect,
Slight separat-
ion occurred.
Magnification
50X,

Full braze bond
area next to
the Planned
weak bond. In
destructive
test, failure
occurred,
Magnification
50X,



Panel No, B-20
Summatxon x 10 ARE

R 3?':;|'f1':|i?:i'}félj.ifi{:f?.‘}:};.?.ii.-l‘

ﬁiTotal count was %
| 83660 when the [
i .

bra7e failedy

A I E B
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|
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5 2 l - 181
Press., 20.7x 107 N/M :

(300 PSI)




. BRAZED PANEL NO. B-17

a&m
Task IV ~ Second Flaw Area - MATERIAL: OFHC Copper
Weak Bond : '
THICKNESS: ' MM, INCHES
@ 6.6624 0.2623
@  6.6523 0,2619
(:) - 6.6777 . 0.2629
@ - 6.6015 0.2599
COVERPLATE
MATERIAL: 3041 Stainless Steel
&) | ® - THICKNESS: MM, INCHES
ol 1 (1) 1.2243 0,0482
] X TPanel G? - 1,2243 00,0482
a1~ Failed i 4 y
T bhnis AregL () 1.2268 0.0483
v, (1) 1,2243 0.0482
- PRESSURE REQUIRED TO FAIL BOND:
Braze failed at a pressure of
2.83 x 107 N/m% (4,100 psi).

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS

M 3ggL ' 1Sectlon from
—aw Planned weak
.25.400_mm. % bond showing
(1.00 in,) intermittent
% 44¥'braze bonding
~ to produce the
A requlred defect,
but no separatlon is ev1dent from destructive
25.&00_mm. test, Magnification 50X,
(1.00 in.) : :
HL_ Section from
Flaw width * planned full
is 2 land 3 bond area next
width to the planned
4y 4 weak bond, It
<o S v r— rﬁ;ﬁ;ﬁ-was noted that
CFHC the expected
Cu  braze wetting Gccurred Although the bond held
U . in destructive test, some rupture is evident.

Magnlflcatlon 50X.
FIGURE C~57
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Panel No, B-17
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CENTER LAND

183




BRAZED PANEL NO, B-09

BASEPLATE

Task IV = Second Flaw Area MATERIAL: OFEC Coprer
Nonhond
. THICKNESS: - MM, INCHES
Panel Bulged -
in This Area (z) -(2) ‘ 6.6116 0.2603.
\ : : @ 6. 5481 0.2578
9 ) BG)  6.5430 0.2576
® 6.6015 0.2599
COVERFLATE
MATERIAL: 304L Stainless Steel
(:) ' (:) THICKNESS: MM, INCHES
(1) 1.2243 0.0482
(2) 1,2243 0,0482
(3) 1.2268 0.0483
L/ (1) 11,2243 0.0482
(:) PRESSURE REQUIRED TO FAIL BOND:
‘ Co Defect separation was not visible
until adjacent braze bond failed
Land Width ~ 3,1750 mm, at 3.38 x 107 N/m% (4,900 psi),
{04125 in,) ‘
CENTER LAND DEFECT METALLOGRAFHIC ANALYSIS:
M 304" : '-' . " _" " Full bond area
38 . .o : - 7 showing failure
25,400 mm, IR : through braze

(1.00 in,) alloy. Braze layer

appears thin,
& Magnification 50X,
12,700 mm, % :
(0.50 in,) |4

R

e " Section from the
S5 B .. planmned nonbond

: ' defect showing
coverplate separ-
ation,
" Magnification 50X.

OFHC <&, !

Cu \/lwr-

FIGURE C-58
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BRAZED PANEL NO, B-06

BASEPLATE
Task IV = Coverplate Thick- MATERIAL: OFHC Coprer
ness - Full Bond A B
. THICKNESS: - M , - INCHES
@ 6.5126 0,256k
@ | s.u770 0.2550
G  6.515 0.2565
® 16,4338 0.2533
COVERPLATE
MATERIAL: 347 Stainless Steel
@ ® THICKNESS: MM, INCHES
(1) 24,3819 0.0922
(2) 2.3619 0.0922
3) 2.3444 0,0923
v ()  2.3419 0.0922
(:) : PRESSURE REQUIRED TO FAIL BOND:
Panel fai%ed ag a pressure of
' o1 ' N/m% i}
Land Width - 3.1750 mm, 5.11 x 107 N/w% (7,400 psi)
- {0,125 in.)
CENTER LAND DEFECT 'METALLOGRAPHIC ANALYSIS:
Y w7 o, D T -~ 77 Section of planned
88 . . 7 ... .. ; full bond from an
: : o . area of no failure.
* Magnification 50X.
FHCg: PRz S
Cu 0.7 Z-,1r> i
No
- Defect 347 . Lo T Area of planned

53 e C { full bond which
: : .~ % exhibited failure
e 2fter destructive
sy test. Magnification
AWSAL 50X,

FIGURE C-59
186



Panel No., B-6

Summatlon x 10 -1 - . AE
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BRAZED PANEL NO, B-19

BASEPLATE

Task IV = Coverplate Thick- MATERIAL: OFHC Copper
ness - Weak Bond
~y - THICKNESS MM, INCHES
©) ¢)) 6.6001  0,2602
@  6.6h22 0.2619
NN (] G)  6.6192 0.2606
® . 6.6167 0.2605
COVERPLATE
MATERIAL: 347 Stainless Steel
@ ' @ THICKNESS: MM, INCHES
' 2.3419 0.0922
2.30819 0.0922
2.3419 0,0922
J WU 2,304 0.0923
(:) " PRESSURE REQUIRED TO FAIL BOND:
o Not pressurized due to large
ok fsoen - 31750 . umplanned nonbond ares caused

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
Not performed. Panel could not
T . be pressurized due to leakage
25,400 mm, path,
(1.00 in.) . | :
LV
%2.700 mm, £
0.50 in,) |4
50 dned

FIGURE C-60
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Panel No, B-19

Surm‘nat:.on x 10 AR
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BRAZED PANEL NO, B=15

BASEPLATE

Task IV = Coverplate Thick- ‘MATERIAL: OFHC Copper
ness = Weak Bond

: THICKNESS: MM, INCHES
@ 6,436 0.2534
(:) "~ 6.4389 0.2535
G 6.4237 0.2529

®) . 6.4287 0.2531

COVERPLATE

MATERIAL: 347 Stainless Steel
(:) ' (j) PHICKNESS: MM, INCHES
:[j“‘“Panel 20 sl 0.0923

Failed in 24 34410 0.0923

(his Area 2. 3y 0.0923
d*( 2.30044 . 0.0923

- PRESSURE REQUIRED TQ FAIL BOND:

Braze failed at a pressure of
bL,14 x 107 N/m% (6,000 psi).

{Land Width - 3.1750 mm,

CENTER LAND DEFECT METALLOGRAPHIC ANALYSIS:
T 347 o L ST section of planned
I S8 : o - =weakbond which was
25,400 mm, ' actually a nonbond
(1.00 in,) due to deficiency
of braze alloy in
- i the "weak bond"
12,700 mm, P . ;, AN 4 area, Magnification
(0.50 in.) ? OFHC gl"\" _"\L OT):\}L % SOX‘
_]"__ é 1(—»} :}—é <o P"\_16“ e ]
| 347 o s e e Yiew of planned
| 558 . . o "I full bond located

' : SR * . fadjacent to the
T N T G T T ¥ planned weak bond,
T 28¥ No failure is noted,
St Magnification 50X,

FIGURE C-61
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- BRAZED PANEL NO, B-i1

Task IV - Coverplate Thicke
ness - Nonbond

Panel Bulged
in Manifold (:)

Area "\\

u.J
ot
®

Land Width - 3.1750 mm,
" {0.%25 in, )

- BASEPLATE |
MATERIAL:t OFHC Coprer
THICKNESS: -__ MM, INCHES
(:) 6.7716 0.2666
@  6.7335 0.2651
©) 6.7437 0.2655
&) 6.7666 0.266k
COVERPLATE
MLTERIAL: 347 Stainless Steel
THICKNESS MM, INCHES
(L) 2, 3hlh 0.,0923
(2) 2. 3444 0.0923
(3) 2., 3l 0.0923
(1) 2.3419 0.0922
PRESSURE REQUIRED TO FAIL BOND:
Bulging occurred at approximately
.83 x 107 N/m% (7,000 psi); the
braze failed at 6.9Q x 107N/m%
(10,000 psi). |

CENTER LAND DEFECT _METALLOGRAPHIC ANALYSIS:
r~ 347 ' Full bond failure
. at top manifold
. 25,400 mm, B cnd of land,
(1.00 in!) Bl Magnification 50X,

12,700 &%:{f

(0.50 ifllfg

Full bond showing
“no failure after

. destructive test,
peem Magnification 50X,

y End of planned
s nonbond defect.,

No braze wetting is
ml cvident in defect.
jl Note yielding of

the end bond,
Magnification 50X.

FIGURE C-62
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Panel No, B-11
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