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Nuclear Assurance

281 Crockes Creek Road
Suite 200

Noreross, Georga 30092
(404) 44T 1144

Tolon $82700

FAX & (404) 4471797

Octoher 11, 1988
ANN/88/14)/ETS

Mr. Charles €. MacDonald, Chief
Transportation Branch

NMSS:SGTB, Mai) Stop WFAER

U.S. Nuclear Regulatory Cummission
115585 Rockville Pike

Rockvilie, MD 20852

Dear Mr. MacDonald:

The USNRC has acked 1] questions regarding the cask supports and (SO
container for the NAC-] (NFS-4) cask amendment rcquest, submitted by Nuclear
Assurance Corporation (NAC) on May 25, 1988. The answers to these 1l
questions are attached, These aniwers show that with several modifications
to the cask support system (detailed in the attached answers to the USNRC
questions), tae supports can sustain a 2 g load factor, The g-load
requirement for the cask support system is 2 g in the longitudinal, lateral,
and vertical directions, applied simultanecusly. The analyses performed by
NAC, as explatned in the attached answers, show that the supports meet this
requirement. [t has been noted that the 2 ¢ load factor only ap,lies lc
truck traflers with air ride suspensions; the Fontaine drop-frame trailers
spacified in the 1icense drawings contatn air ride suspensions .4 this fact
has been verified by NAC,

The modifications to the cask support iystem essentially consist of
additional bolts througn the cask supports and base plate into the S0
cuntainer floor beams so that credit for the welds of the base plate to the
container floor is unnecessary. The welds of the base plates to the
container floor have been increased to 1/2-inch for the rotation trunnion
support and 3/8-inch for the 1ift trunnion support for conservatis®. but
these welds are not used in the analyses because welds and bolts are not
considered to function simultaneously. The bolt patterns used in the
analyses are soown in the attached sketches and alse in the )iiense
drawings, Additional bolts are shown on these sketches that are not used
in the analyses but have been included in the hardware for conservatism,
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A further modification to the support system consists of the addition
of 2.5-inch thick blocks to the trunnion strap lug to prevent the bending
of the strap lug or attachment plate when load is applied.

Should you have any questions or require additional information,
please contact me.

Sincerely,

NUCLEAR ASSURANCE CORPORATION
¢ /;” v A2

/2(.2'\ el

Alan H. Wells, PhD

Manager, Licensing and Analysis
Engineering and Transportation Systems

AHW/tko
Attachments
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NRC Comments - NAC-1 Cask Supports

Ref.: 1. Letter from Nuclear Assurance Corporation to U.S. Nuclear
Regulatory Commission (A.H. Wells to C.E. MacDonald),
AHW/88/55/ETS, May 25, 1988,

- A Letter from U.S. Nuclear Regulatory Commission to Nuclear
Assurance Corporation (C.E. MacDonald to A.H. Wells),
September 15, 1988,

Nuclear Assurance Corporation requested an amendment to Certificate No.
71-9183 for the NAC-1 Cask (Ref. No. 1) to incorporate: (1) drawing Nos,
NAC-347-586 F2 and NAC-347-586 F3 of the 1SO Container Configuration; and
(2) the use of the Fontaine Drop-Frame Trailer and the associated package
center-of-gravity.

The U.S. Nuclear Regulatory Commission 1 .quested 11 points of additional
information (Ref. No. 2) in connection with their review of the NAC request.

The NAC response to the requests for additional information is as follows:




1.0

U.S. NRC Comment:

Justify using design tiedown loads of 2.0 g for the cask supports in
each of the three principal directions (i.e., longitudinal, lateral,
and vertical) instead of the 10, 5, and 2 g loads specified in 10 CFR
Part 71.

NAC Response:

The design load factors for the NAC-1 Cask Supports - & 2.0 g in each
of the three principal directions (longitudinal, lateral, and
vertical) acting separately or in any combination - were selected as
conservative values based on the requirements of 49 CFR 393 ,100c.4.e
and 49 CFR 393.102b, which are Federal Highway Administration
Transportation Regulations for “rotection Against Shifting or Falling
Cargo, Guneral Rules, Special Rules for Miscellaneous Metal Articles,
Special Rules for Intermodal Cargo Containers and for Securement
Systems - Tiedown Assemblies, respectively.

The load factors specified by 49 CFR 393.100c.4.e are: 1.70 g
downward, 0.50 g upward, 0,30 g lateral, and 1.80 g longitudinal. The
load factor specified by 49 CFR 393.102b is: 1.50 g in any direction,

The structural analysis of the NAC-1 Cask Supports and Container
Attachments uses the + 2.0 g load factors in combination with 1
material yield strength allowable stress criteria.

The design tiedown loads specified in 10 CFR 71.45b.1 (10 g lon-
gitudinal, 5 g lateral, and 2 g vertical) are for a system of tiedown
devices which {s a structurul part of the package; the NAC:1 Cask
Supports are not a structural part of the package, since they are not
welded or bolted to the package, but rather capture the trunnions via
bolted straps. The cask supports have never been considered to be a
part of the cask package in any of the drawirgs, Safety Analysis
Reports, or Certificates of Compliance. B¢ .ed on these considera-
tions, the requirements of 10 CFR 71.45b.1 are not applicable to the
NAC-1 Cask Supports.



2.0

U.S. NRC Comment:

Justify that the material strength of Aluminum 6061 T6é used in the
analysis is higher than that shown in Table 1-8.4, Appendix I, Section
111 of the ASME code.

NAC Response:

The material yield strength of 6061-T6 aluminum alloy from the ASME
Section 1I1 Appendices are used in the revised analyses of the NAC-1
Cask Supports and Attachments; S = 35 ksi minimum yield strength and
S, = 42 ksi minimum ultimate strength. The margins of safety remain
positive for all of the analyses that were affected by this revised
material yield strength. In conjunction with these analysis revi-
sions, the analysis of the Forward Support Assembly (Rotation
Trunnion) at a section 8.0 inches below the trunnion centerline was
corrected to use the cross section dimensions of the final design
configuration,

The origina' 4nalysis used the typical yield strength of 6061-T6,
S, = 39.6 kst at 100°F.

Y

Based on the available test reports for the NAC-1 Cask Supports
materials, the actual material yield strengths are 42 ksi minimum with
one plate at 39.2 ksi. The support materials were produced to the
ASME specifications.



4.0

U.§. NRC Comment:
Spucify the materials used for the bolts in the package. Also,

provide the sources for the material properties used in the analysis
of the bolts,

NAC Response:

The bolts used in the NAC-1 Cask Supports and for their attachment to
the IS0 containers are as follows:

Forward Support Assy., Rotation Trunmnion Clawmp Bolt:
1-8 UNC SAE J429¢, Grade 5

Aft Support Assy., Lifting Trunnion Strap Bolt:
1-8 UNC SAE J4292, Grade 8

Evermaste, IS0 Containexrs

Forward Support Base Plate to Cross-Channel Beams:
1/2-13 UNC SAE J429e, Grade 8

Aft Support Base Plate to Cross-Channel Beanms:
1/2-13 UNC SAE J429e, Grade 8

Adamson IS0 Containers

Forward Support Base Plate to I-Beam Cross-Members:
3/8-16 UNC SAE J429e, Grade 8

Aft Support Base Plate to I-Beam Cross-Members:
3/8-16 UNC SAE J42%9e, Grade 8

The mechanical properties of the bolts are:
SAE J429e, Grade 5 Medium Carbon Steel, Quenched and Tempered
Su = 120 000 psi Sy = 92,000 psi
SAE J429e, Grade 8 Medium Carbon Steel, Quenched and Tempered

5, 150,000 psi Sy « 130,000 psi



RAC Response (cont):
The bolt material specification is:
“SAE Standard J429e - Mechanical and Quality Requirements for

Externally Threaded Fasteners," by the Society of Automot. .
Engineers, Inc., New York, New York.
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5.0

U.S. NRC Comment:

Show !iow the channel cross members are supported for both the Adamson
and the Evermaster containers. Provide an analysis of the load carry-
ing capability for both containers.

NAC Response:

The floor cross-members are I-beams for the Adamson containers and
channels for the Evermaster containers. An analysis of the load-
carrying capability ~f the cross-members is provided by a bean
analysis and by a bolt bearing and shear-tearout analysis.
Additionally, the containers bave each been load tested per the
American Bureau of Ships (ABS) requirements, including a 2.0 g verti-
cal floor load.
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lLloyd's Register of Shipping

FRE'GHT CONTAINER CERI'IFICATE

Neme o Manufectwrer Adamson Containers Ltd, Cesficsano 501176

Location of Works Station Road, Reddish, Office Manchester
Stockport, Cheshire. o 30.10.85.

This is to certify that the freight containers described below have Deen manufsctured ot these works and constructed and tested

5

sccoOrdance with the requirements of Lioyd's Register of Sr.. ping for the Construction end Certitication of Freight Containers and conform
10 the requirements of the Internstonal “onvention for Sete Containers. The deteis of desgn, metersis, consruction end workmanship
contorm to the approved piant end 10 the prototype container dentified ae foliows
Menufscture s Sedel No. 938/001
Tors weight 2080 L]
T Approvel No. snd
CSC Approvel Retersnce GB.LR 6820.9/85
Senal numbers
Menutecturer's model number  CCa MM a1 Owner s T Manutecture s
Date of manufecture (yesr and month) 1985 September
Troe of container 20 'x8'x4'3" Open Top
(MaXIMUm Opersting gross weight) to to
Qwner s namae and code leen  NACU 850004 938/004
Nuclear Assurance Corporation
Uord § 10roved endorsemants
Stacking capabiity 160000 g 352740
Sucking tesi losd  720N0 kg P corne
Tranevarse racking test losd 15240 ' 33600
End weil srengih N/A Side wail wrangth N /A
First sxamination due dete 1990 August
iy e of
oMW COvered FOUR
by the cmnruhoate

The Undersgred hes CHNed Oul QUETY COAIO IR ANCE B ThE SDOVE WOrES SU SOMIITUCLON N BCCONSENcE WAN 1he Frasght Comaner
Condcahon SCAeme 411 Mot Comed 0yl SEIMNSLONE NG SuDerieed 1eRtS OA §8% . 4 DrOdUChon (OMaAen

. - “L'Q',,r
L ropes
T oer mmyARElon EABONement —see Uy or el Surveyor 12 Uavd s Register of §0 ppeng
Foem 8202 (PC 120) (11/78) 8. L.Baguiey.



CARGO CONTAINER
PRODUCTION CERTIFICATE

Design Type Number : AB/ 785 | &6

Certificate No. 26-TA 0225 This Certificate is for Wi Containers
Date 27 September 1986 mesulactured during - ‘cPtamber . 06
e k% bt cadow T
THIS IS TO CERTIFY thet_Seven (7) 20' x 8' x 8' Open Top AL s & 2 Cantainsss
o BT
beilt by Evermaster Industriel Corp. * i AP
’ - N RIRNL s a

- Nuclear Assurance Corp. LR, . L T
have been thoroughly inspected at each stage of manufacture by our inspection department under the quality coutrol
surveillance of the American Bureau of Shipping; and that the details of design, materials, ‘construction and work.

mh,oldnemmdombhmlxabhwhwmMbhml\u-dwppn‘hl-
For Certification of Cargo Clntainers. ,

1 DA
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serial MMM:SML. was tested on_27 September 1986 . eIy T

and accepted with the issuing of prototype test mﬁm%x

Siae 20' 3 8' 38 Model E2051.0184 ~
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6.0

U.S. NRC Comment:

The combined strength of the welds and bolts were used in analyzing
the cask support attachment. The welds and the bolts may not act
simultaneously and may fail in sequence. Justify that the welds and
the bolts will be acting simultaneously.

NAC Response:

Simultaneous load resistance of the bolts and the welds cannot be
demonstrated wusing classical analysis and a no-yleld criteria.
Therefore, the analyses are revised to demonstrate that attachment
bolts alone wiil resist any combination of the 2.0 g loads at the zask
center of gravity in the longitudinal, lateral, and vertical direc-
tions. All of the attachment bolts are SAE J429e, Crade 8 material
(8, = 150 ksi; ’y = 130 ksi) and all attach the support base plates to
the container cross-members through the container floor plates.

The additional load-carrylng capabilities of the attachment wellds,
which are present, are conservatively not considered. Also, some
additional SAE J429e, Crade 8 bolts have been added to the container
floor plate in the surrounding area of the cask support base plates,
but have not baen considered in the analysis: Ten 1/2:-inch bolts at
the Evermaster Forward Support ‘Rotation Trunnions); eight 3/8.inch
bolts at the Adamson Forward Support (Rotation Trunnions); and eight
3/8-inch bolts at the Adamson Aft Support (Lifting Trunnions).

The following analysis determines the maximum allowable loads at the
Forward and Aft Supports for the Evermaster containers and for the
Adamson containers. The allowable Loads are compared to the applied
2.0 g loads and margins of safety are calculated for the longitudinagl,
lateral, and vertical directions. Finally. the bolts are analyzed for
the maximum combined load case of vertical tension in combination with
longitudinal shear and lateral shear,

Note: The tensile stress arva of the bolts is conservatively used in
the shear stress calculations,
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7.0

U.S. NRC Comment:

Provide a sketch for tie Adamson IS0 container showing the arrangement
of the thirty 1/4-inch @ steel rivets and the added six 3/8-inch §
grade 5 high strength bolts on the floor plate. Also, justify the
assumption that sy = 55 ksl for the rivets.

NAC Response:

The arrangement of the attachment bolts between the NAC-1 Cask
Supports and the IS0 container cross-members for the Adamson con-
tainers and for the Evermaster con.ainers are shown on the licensing
dravings, Nos. 347-586-F2 and 347.586-F3, respectively. These draw-
ings are included in the NAC Response to the U.S. NRC Comment 3,

All of the attachment bolts are SAE J429e, Crade 8 material. The
bolts in the Adamson containers are 3/8-inch diameter and those in the
Evermaster containers are 1/2-inch diameter.

The 1/4-inch diameter steel rivets, which attach the floor plates, are
conservatively not considered to provide any load reactions.



U.S. NRC Comment:

The equation used to calculate the stress of the aft support assembly
lug plate is not applicable to the loading and support condition.
Show that the combined stiffnesses of the lug and gusset plates are
adequate to transfer the strap force (which is applied eccentrically
on the lug plate to its center where the connection bolt is located).

NAC Response:

The Aft Support assembly 1lug plate is redesigned to incorporate a
2.5-inch thick block of 6061-T6 aluminum alloy, which is welded to the
strap and to the lug plate. A 6.0-inch long, 1.00-inch diameter,
SAE J429e, Grade 8 bolt (S = 150 ksi, S = 130 ksi) is required. The
detailed analysis is provided on the !ol{ovtn; pages.
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U.S. NRC Comment :

Dimensions, which are not identifiable from the drawing, have been
used in the analysis of the welds for the aft support assembly.
Please provide design sketches showing the length and size of the
wvelds for the various parts that were joined together to resist the
applied load.

A weld-map draving of the Forward Support and of the Aft Support for
the NAC-1 Cask In an IS0 container have been prepared to clarify the
details of the fabrication welds: Draving Nos. 347-.241-F36 and
347-241-F37,



10.0 U.8. NRC Comment:

The longitudinal tie-down force is acting alone on the forward support
as discussed on page 1 of the Fuel Movement Project. Therefore, the
longitudinal load on pages 27 and 28 should be doubled. Revise the
analysis on pages 29, 30, 31 and 32 to account for the increased
lovgitudinal force.

The analyses on pages 27 through 31 are for one support, so that the
loagitudinal force used in the analyses is correct. The longitudinal
force to be used for the analysis of the base plate weld on page 32
should be doubled to 104,000 pounds.

The actual base plate weld is a 0.5-inch fillet completely around,
rased on the fabrication drawings and visual verification on-site.
The attached analysis verifies the adequacy of this base plate weld.
However, since the attachment of th. container floor plate to the
cross-members (1/4 @ bolts) cannot be defined because the 1/4 § bolt
material {s unknown, bolts through the supports and floor plate(s) to
the cross-membevs ave used toe carry the entire load,
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198 Aluminum

thickness 1o 6 mm (L in ) thick, or butt
Joints in aluminum wire and rod from
068w 1O mm 0.025 to Yuin | in diames
ter, and for oining sluminum to other
metals

Explosive wolding s sccomplisned
by the energy rel from detonation
of high explosives. This is a lap welding
process that aliows aluminum te be
Joined to itself or to other metals with.
out lose of strength, and s used w0
produce transition joints between alu-
minum and dissmimular metals Explo
sive welding has been useful in joining
;1T:\mu- pipes and bus bars in the

.

Friction (inertia) welding s
butt welding process ir which a spin-
Ring part s pushed against a station:
ary parmt and the frictional hest and
force generated produce a solid-state
bond at the interface Aluminum alloys
can be joined by friction welding to
similar or dissimilar aluminum aliove
and to other metals When alloy 6081,
T6 s fusion welded to 304 stainless
steel, a brttle intermetallic compound
18 formed. but when 8061.T6 is friction
welded w 304 it forms a satisfactory
joint for eryogenic and heat-transfer
applicationa

Ultrasenic wealding reserties re.
sistance welding 1n the gerneral config.
uration of equipment used Overlap-
PINg parts w0 be joined are clamped
between (ips 10 weld them at a spot. or
between roils o weid a seam No heat
energy. as such, s supplied The weld s
made without fusion n the ordinary
sence of the term AR intense [ocalized,
mechanical wiping does oocur where
the parts are pressed together Thia
WUOn weTubs away onides or other 1m.
P tities, rearvanges the metallic strue.

tural configuration at both surfaces,
and merges them to form a s0.'nd met.
sllurgical boend

Ultrasonic welding s well suite, "¢
handling materal having thicknesse.
in the lower pam of resistance welding's
range—for aluminum. the nnso s
from foil thicknesses (less than 0008
mm, or 0.0002 in.' up to about 3.4 mm
(%3 in... Furthermore, with ultrasonic
welding very thin aluminum foil can be
Joined w very thick aluminum, and
sluminum can be joined 0 many dis
simiiar metals

Although it is not formed by general
fusion of metal. the bond achieved by
ultrasonic welding is an intimate met-
sllurpeal union St \a propor-
tional w weld size tested 0
destruction, ultrasonic welds in hard
alloys usually ‘a1l in shear Those in
softer alloys usually pull out & butten.
Weld strength data for electric-resist.
ance spot welds may be used for design
Testing done so far indicates thie would
be conservative some test resylts are
published in ASME paper No 60-WA.
332 in the table entitied “Companson
of Ultrasonic Strength with Resistance
Welds on Aluminum Alloy Applica:
tions for Ultrasonic Welding of Alumi.
aum.”

Indentation caused by clamping force
seldom exceeds 5% of metal thickness
It i greater with the softer aluminum
alloys than with the harder materials

Adiacent or over apping welds can be
made. and proumity % an alresdy
completed weld spot does not down.
grade the quality or strength of the
next one n lap seams are made W
Jjoin foul, the jwints can be trimumed
smply by waring off the excess lap
adiacent o the weld seam

of aluminum alloys %o cor:

rosion is not adversely affected by
ultrasonic welding, but the usual pre.
cautions should be taken whenever dis.
similar metals are joined

lactron beam welding applies
. ‘at by means of a concentrated beam
of high.velocity electrons Magnetic
fields focus and accelerate electrons
from an incandescent filament The
beam and the work are usually under
high vacuum—in the order of one mi.
eron While the size of the work 1s limit.
ed by the available vacuum chamber,
this environment 's \deal for prevent.

weld contamination Equipment for
:‘mumlnmm»lmmm
has been :

Well-fittad joint preparation s essen-
tial, and high concentration of energy
in a focused beam makes very narrow,
single-pass welds poasible Welding has
littie or no effect on the heat-treated or
cold-worked structure of the base met.
al, and weld contamination is nil

Because equ) t cost is hugh, this
method s only where scund,
high-strength joints are more impor.
tant than low welding cost Apparatus
inavalabie to handleparta 9 m 30 R or
more \n diameter, and aluminum alloy
thicknesses up W 100 mm (4 in.) have
been welded

Laser Beam Walding, The word
“laser” means lLight amplification by
stimulated emission of radiation Laser
welding has developed inw a high
voiume production for joining
and cuiting metals nigh-intenaity
Light beam from a fused laser s highly
tollimated and has good wavelength
punty Because of the resultant high
power density, matenal in 4 local area
of & workpiece can be melted and or
vaporized with little or no effect on the
adjacent material One of the disadvan.

Tabis ¢ Minimum e xpected tonsile strongthe ot variovs temparatures for butt welded aluminum

Allay Filler

and eial Tersue srengih i e

e Sloy CIMC -M'P  1BC 0P NC-0D :I'._'C‘H-I'h 1NN 300 ‘Fra) 380 'C MW Fre)
NILETITY 19 LAY N bd RN %0 36 240 3% 218 3 130 19
Wivel 2e LM 410 M8 380 (88 348 50 60 38 180 (2
3003 1100 13T Ny 121018 e XY M
5083 5358 280 38 218 3 183 48 170 2% 148 (31 7008
1083 $183 LA W TR Y 318 W@ W WS b R o '
2088 5384 330 8 0 w8 48 3405 40 3% vy ;
8434 3584 308 W 358 3N 220 39 218 180 (26 108 18
5456 1556 388 84 LF UL W 290 4 ' ~
6081 Té D 4043 b T RV 208 30 181 2% 8 168 ¢ 180 (20 4 &
8081 ¢! 4043 380 88 ETSRETE Y 318 48 290 (4D AT @

& Allove nat (e 01 180 'C 300 *F) gag 260°C 800 'F 478 not FeeaUBended (o el 0L 098 ned opeTaLIng Wmperatures of over 83 °C 180 P b A weided

¢ Heal treaies and age T weiding




Table 7 Minimem oadd
shear sirengths of welds
in aluminum alloys
Filer meial n~==
siloy MPs s
17 " 82 13
21y 110 18
Bive 180 n
Wadn) ™ 18
8083 .. 82 4
8184 3 12
(LTP 118 17
8558 ... ... 140 20
s LX) 12
e .

tages of this process i3 the (nitial equip-
ment cost, which can go a8 high a
§1 000 00

Strength of Walds

The strength of sound, normal, as
deposited tluminum alloy weid metal
i spproumately %0 w 280 MPa 12w
0 ks Jonts ‘n non-heat-treatable
alloys can be made %o that they will faul
i the base metal. rather than in the
weld metal, by proper selection of the
filler alloy. For hard.rolled tempers,
the base metal \n the neat affected 20ne
on either ude of the yunt 13 softene * by
the hest of weiding, preciuding the
possability of ot aining high oint eff.
gency With heat treatadle alloys of

|/
- 108 Ny

1 J (e b |

138 0 1981
8w 8w

4
" i " "

5

can be solution and precipitation heat
treated after welding Nearly 100% of
ficiency can be obtained when welding
in the T4 temper by using one of the
high-speed weiding techniques, such as
inert-gas-ahie/ded metal-arc weiding or
electron beam weldng, n which the
smount of heat Howing nto the base
metal of the oint 18 Limited, and by
precipitation heat treating after weid.
g In the 2xzx and Tzss semes, such
practice produces (ess .mprovement in
Joint efficiency Alloy 2014 and espe-
cially alloy 2219 are widely weided for
hoasters. where machined or
chemically milled lands are provided to
achieve adeguate strength acrosa the
weided oints Summaries of minimum
expected butl we ded properties of com:
monly welded aluminum alloys are uv.
en in Tables 5 and 6 The mimimum
expected shear strength of fillet weided
aluminum 10 given n Table 7
The fatigue life of welded Joints at
high loads vimes with the alloy Asthe
load 19 decreased differences disappear
WAtll, at about one 1o ten million cycles
of axial loading 'R = 0), the fatigue
strength of an arc-weided joint s ap-
proximetely the same regardiess of al-
loy and s 30 w TO% that of the un-
welded alloy Typical data are given in
Fig 3 for ailoys 3003-0, 5154-H34 ond
8061.T6
Design critena for remistance spot
welded aluminum usually are based

for three high-strength
5 shows denign-allow-
able ahear strength in relation to the
tensile strength and thickness of the
alloy being weided

Jesign allowables developed in un.
gle-+pot shear specimens are applicadle
W multispot patterns, provided the dis-
tance between adacent weids s not
less than two nugget diameters. Closer
distances w.ll result in shunting cur
rent losses, which will reduce current
density 1n the spot weld and reduce the
size of the weid and its shear strength
Such losses. which .norease with the
thickness of the materal must de tak:
en Nt account in dosign

Braxing Procossos

Brazing !s a type of joining process in
which .oalescence |8 obtained by heat:
ing the base metal 0 a emperature
beiow its solidus temperature and add-
ing & Aller alioy, uming flus. The fux
promotes wetting of the joint surtace by
the filler alloy, which s siected W
have a liquidus temperature siighily
below the solidus of the base meta|
Although the base metal s ot meited.
there 14 tefinite diffusion detween the
base and filler metals

Brazing can be used successfully on
very thin matenal and on assemblies



11.0 U.$. NRC Comment:

1t appears that the same weld may have been used to vresist wupward,
longitudinal, and lateral loads in separate calculations (pages 27,
28). Provide a design sketch to show all the welds and calculate the
stress based on combined loads.

The subject welds previously analyzed on pages 27 and 28 are
reanalyzed for the combined loadings in the wvertical, lataral, and
longitudinal directions, A sketch defining the weld locatiom,
lengths, and sizes is provided. The weld filler-metal is ER5356 with
ultimate and yleld shear stress allovables of 8'“ e 15 ksi and

l.’ = 12 ksi,
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Table 3 *WM‘MWI&M

1100-HI12 Hi4

3003 H12, Hi4, H16 His

Alclad 3003-H12, Hl4, H16 HIS
H3is, H14, H16

3003 H25

5005-Hi2, M4, H3Z, H34
5050 Hi2 H34
5052-H32, Hi4

5083 H111
H321
H321
H323, H343

5086 HI111
Hii2
Hiz
Hii2
H32Z, H34

5154-H38

5454-H111
Hii2
H32 H34

5456-H111
H112
H321
Hizl
H323, H343

6061-T6,_T651, T6510, T6511id)
T6. T651, T6510, T651 lie)
6063 T5, T6
6351 -TS5(d)
The)

l.tﬁutw-map--h.m-o&n.
(o 0 2% offset in 250-mm (10-1n ) gage length across &
© 375 w ) when welding 1s done with 4043, 5554

weld

Tenmle strength 7 Compressive L .-',:* Bearing strength

Product T kness range Ultimate(b) Ul mate Yield Ultimate Yield
| forme mn n  MPa ke MPa kel MPe kel MPs ke MPs ke MPs kel MPa el
Al All All 76 11 55 25 160 23 55 8
All All All -1 14 64 28 4 206 M0 83 12
All All All 90 13 69 24 35 206 30 76 11
All All All 15 22 7 45 65 315 46 140 20
All All All 145 21 90 45 65 305 44 130 19
Sheet All All s 17 83 34 5 25 36 105 15
All All Al 97 4 62 28 4 195 28 69 10
All All All 125 18 83 30 45 250 36 83 12
All All All 170 25 110 52 75 345 50 130 19
Extrusions All All L2003 160 83 12 540 78 2% 32
Sheet and plate 47381 018815 .25 40 165 97 14 550 80 250 36
Plate 381762 150130 ..2710 39 165 90 13 540 78 235 W
Sheet All All .21 165 97 14 550 80 250 36
Extrusions All All L2490 35 145 69 10 485 70 195 28
Plate 64127 025049 240 3I5 145 66 95 485 T0 195 28
Plate 127-254 05010 240 35 145 62 9 485 70 195
Plate 254508 1001- 240 35 145 55 8 485 70 195 28
Sheet and plate Al 20 .. 240 35 145 76 11 485 70 195 28
Sheet All All 205 30 130 59 B85 415 60 160 23
Extrusions All All .216 3 130 66 95 425 62 165 24
Extrusions All All 215 3 130 49 7 425 62 165
Sheet and plate All All 215 31 130 66 95 425 62 165 A
Extrusions All All 285 41 165 7 2 565 82 260 38
Extrusions All All ..285 41 165 76 11 565 62 260 38
Sheet and plate 47381 018815 .. 29 42 i70 e 15 580 B84 260 38
Plate B1-762 1501-30 .. 285 41 170 4 14 565 82 260 38
Sheet All Al ..290 42 170 M 5 580 84 260 38
__6061.76, Te51, T6SI0, TeSIM ANl OverS5 OverOJ7 188 2 122 S o o Over 0375 165 24 140 20 140 20 108 ‘2345 S50 295 30
All Over 95 Over 0375 .. 165 24 1 15 62 9 345 50 206 30
All All All s 17 76 45 65 235 34 150 22
Extrusions Over 956 Owver 0375 . 165 24 106 12 345 50 205 30
Extrusions Over 95 Over 0375 .. 165 24 106 9 345 650 205 30
with no weld heat treatment (b) Filler wires used are those recommended in Table 3 Ultimate tensile valu sa are ASME weld qualification-test values

1d) Values are for with 7 183 5356 or 5556 v less than 9 5 mm
wire ETV:ES-«%&W b or wire

or 5654 filler

L6 /wnupunly Bujujor




198 Aluminum

thickness to 6 mm (Y« in.) thick, or butt
joints in aluminum wire and rod from
06t 10 mm (0.025 to ¥s in.) in diame-
ter, and for joining aluminum to other
metals

Explosive welding s accomplished
by the energy released from detonation
of high explosives. This is a lap welding
process that allows aluminum to be
Joined to itself or to other metals with-
out loss of strength, and is used to
produce transition joints between alu-
minum and dissimilar metals. Explo-
sive welding has been useful in joining
nhlxmmum pipes and bus bars in the
field.

Frici'cn (inertia) welding 1= &
butt welding process in which a spin-
ning part is pushed against a station-
ary part and the frictional heat and
force generated produce a solid-state
bond at the interface. Aluminum alloys
can be joined by friction welding to
similar cr dissimilar aluminum alloys
and to other metals. When alloy 6061.
T6 is fusion welded to 304 stainless
steel, a brittle intermetallic compound
1s formed, but when 6061.T6 1s friction
welded to 304 it forms a satisfactory
Joint for cryogenic and heat-transfer
applications.

Ultrasonic welding resembles re-
sistance welding in the general config.
uration of equipment used. Overlap-
ping parts to be joined are clamped
between tips to weld them at a spot, or
between rolls to weld a seam. No heat
energy, as such, 18 supplied. The weld is
made without fusion in the ordinary
sense of the term. An intense, localized,
mechanical wiping does occur where
the parts are pressed together. This
action scrubs away oxides or other im-
purities, rearranges the metallic struc-

tural configuration at both surfaces,
and merges .nem to form a sound met-
allurgical bond.

Ultrasonic welding is well suited for
handling material having thicknesses
in the lower part of resistance welding's
range—for aluminum, the range is
from foil thicknesses (less thav 0.005
mm, or 0.0002 in.) up to about 2.4 mm
(%32 in.). Furthermore, with ultrasonic
welding very thin aluminum foil can be
joined to very thick aluminum, and
aluminum can be joined to many dis-
similar metals.

Although it 18 not formed by general
fusion of metal, the bond achieved by
ultrasonic welding is an intimate met-
allurgical union. Strength is propor.
tional to weld size. When tested to
destruction, ultrasonic welds in hard
alloys usually fail in shear. Those in
softer alloys usually pull out a button.
Weld strength data for electric-resist-
ance spot welds may be used for design.
Testing done 8o far indicates this would
be conservative. Soine test results are
published in ASME paper No. 60-WA.
332 in the table entitied "Comparison
of Ultrasonic Strength with Resistance
Welds on Aluminum Alloy Applica-
tions for Ultrasonic Welding of Alumi-
num.”

Indentation caused by clamping force
seldom exceeds 5% of metal thickness.
It is greater with the softer aluminum
alloss than with the harder materials.

Adjacent or overlapping welds can be
made, and proximity to an already
completed weld spot does not down.
grade the quality or strength of the
next one. When lap seams are made to
Join foil, the joints can be trimmed
simply by tearing off the excess lap
adjacent to the weld seam.

Resistance of aluminum alloys to cor-

rosion i8 not adversely affected by
ultrasonic welding, but the usual pre-
cautions should be taken whenever dis.
similar metals are joined.

Electron beam welding applies
heat by means of a concentrated beam
of high-velocity electrons. Magnetic
fields focus and accelerate electrons
from an incandescent filament. The
beam and the work are usually under
high vacuum-—in the order of one mi.
cron. While the size of the work is limit-
ed by the available vacuum chamber,
this environment is ideal for prevent.
ing weld contamination. Equipment for
welding in low vacuum and in air (lso
has been developed.

Well-fitted joint preparation is essen-
tial, and high concentration of energy
in a focused beam makes very narrow,
single-pass welds possible. W.lding has
little or no effect on the heat-treated or
cold-worked structure of the base met-
al, and weld contamination is nil.

Because equipment cost is high, this
method 1s useful only where sound,
high-strength joints are more impor:
tant than low welding cost. Apparatus
1savalable to handle parta 9 m (30 ) or
more in diameter, and aluminum alloy
thicknesses up to 100 mm (4 in.) have
been welded.

Laser Beam Waelding., The word
“laser” means light amplification by
stimulated emission of radiation. Laser
welding has developed into & high-
volume production process for joining
and cutting metals. The high-intensity
light beam from a fused laser is highly
collimated and has good wavelength
purity. Because of the resultant high
power density, material in a local area
of a workpiece can be melted and or
vaporized with little or no effect on the
adjacent material One of the disadvan-

:'.':lont MQMMMUVMWMMWM

Aloy Filler

and metal Tensile strength (n MPa (ks at

temper alloy =188 °C ( ~ 300 'F) ~1W'C(~20'F) 13'C(~100'F SM'CO‘F 180°C (300 ‘Fxa) 280 °C (800 ‘Fxa)
2219:T37 2319 334 48 5) 275 (40) 250 (38) 240 (35) 215 (31) 120 (19)
22190¢) 2319 445 (64 5) 410 (89.8) 380 (85) 345 (50) 260 (38) 150 (22)
3003 1100 . .. 190 (27.8) 148 (21.5) 121 (17.8) 87 (14 66 (9.56) 345
5052 5386 . . .. 260 (38) 215 (31 183 (26.5) 170 (28) 148 (2Y) 72(10.5)
5083 5183 .. 378 (54.5) 315 (46 280 (40.9) 275 (40) “
5086 5356 . . 330 (48) 280 (40.8) 245 (36.5) 240 (35) vau vy
5454 8564 ... 305 (44) 258 (3T 220 (32) 2156 (31 180 (26) 108 (18)
545¢ 5556 385 (56) J28 (47 8) 203 (425 290 (42 s
6061.T6Db) 4043 238 (34 5) 206 (30 183 (26.5) 165 (24) 150 (20) 416
6061¢) 4043 380 (88 341 49 5) 315 46) 290 (42 217315 48(7)

8 Allays not Listed at 150 °C (300 *F) and 260 °C (800

¢ Heat treated and aged afer welding

"Fiare not recomumended for use 0t sustained operating lemperatures of over 85°C (180 'F) (b As welded




sheoar welds
In aluminum alloys

Shear
Filler metal strength
alloy MPa ']
1100 ... 52 75
2319(axb) . 110 16
BID) .. iieninna 150 22
QOOBR) . . vasanvicis 79 11.5
R 52 75
5154 . 83 12
85554 .. . 118 17
B e kv 54 140 20
DO i h e s 83 12
(&) Naturall (two to three months). (b) Arti-
ficially o r weiding. (¢) Heat-treated and
aged after welding

Sheet hicknen, 0.001 n

C I L R
MVvﬁfT1'vﬁ

- 2

2 "3
g .
z - 3t ¥
A 3
A

707578 '

'3 i 1 I

Sheet 1hickness, MM

tages of this process i1s the initial equip-
ment cost, which can go as high as
$1 000 000

Strength of Welds

The strength of sound, normal, as-
deposited aluminum alloy weld metal
is approximately 80 to 280 MPa (12 to
40 ksi). Joints in non-heat-treatanle
alloys can be made so that they will fail
in the base metal, rather than in the
weld metal, by proper selection of the
filler alloy For hard-rolled tempers,
the base metal in the heat-affected zone
on either side of the joint is softened by
the heat of welding, precluding the
possibility of obtaining high joint effi-
ciency. With heat treatable alloys of
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the 6xxx series, 100% efficiency can be
obtained when the welded structure
can be solution and precipitation heat
treated after welding. Nearly 100% ef-
ficiency can be obtained when welding
in the T4 temper by using one of the
high-speed welding techniques, such as
inert-gas-shielded metal-arc welding or
electron beam welding, in which the
smount of heat flowing into the base
metal of the joint is limited, and by
precipitation heat treating after weld.
ing. In the 2xxx and Txxx series, such
practice produces less improvement in
Joint efficiency. Alloy 2014 and espe-
cially alloy 2219 are widely welded for
spacecraft boosters, where machined or
chemically milled lands are provi“ad to
achieve adequate strength across the
welded joints. Summaries of minimum
expected butt-welded properties of com-
monly welded aluminum alloys are giv-
en in Tables 5 and 6. The minimum
expected shear strength of fillet welded
aluminum is given in Table 7.

The fatigue life of welded joints at
high loads varies with the alloy. As the
load is decreased, differences disappear
until, at about one to ten million cycles
of axial loading (R = 0), the fatigue
strength of an arc-welded joint is ap-
proximately the same regardless of al-
loy and is 50 to 70% that of the un.
welded alloy. Typical data are given in
Fig. 3 for alloys 3003.0, 5154-H34 and
60451-T6

Design criteria for resistance spot
welded aluminum usually are based

on the minimum rerroducible shear
strength (of single-spot specimens) ob-
tainable under the established manu-
facturing conditions. Figure 4 presents
such test data for three high-strength
alloys. Figure 5 shows design-allow-
able shear strength in relation to the
tensile strength and thickness of the
alloy being welded.

Design allowables developed in sin-
gle-spot shear speciraens are applicable
to multispot patterns, provided the dis-
tance between adjacent welds is not
less than two nugget diameters. Closer
distances will result in shunting cur-
rent losses, which will reduce current
density in the spot weld and reduce the
size of the weld and its shear strength.
Such lnsses, which increase with the
thickness of the matenal, must be tak-
en into account in design.

Brazing Processes

Brazing is a type of joining process in
which coalescence is obtained by heat.
ing the base metal to a temperature
below its solidus temperature and add-
ing a filler alloy, using flux. The flux
promotes wetting of the joint surface by
the filler alloy, which is selected to
have a liquidus temperature slightly
below the solidus of the base metal
Although the base metal is not melted,
there s definite diffusion between the
base and filler metals.

Brazing can be used successfully on
very thin material and on assemblies



