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Mr. Charles E. MacDonald, Chief
Transportation Branch
NMSS:SGTB, Mail Stop WF4E4
U.S. Nuclear Regulatory Commission

:

11555 Rockville Pike
Rockstile, MD 20852

i

Dear Mr. MacDonald:

The USNRC has asked 11 questions regarding the cask supports and ISO1

container for the NAC-1 (NFS 4) cask amendment request, submitted by Nuclear
Assurance Corporation (NAC) on May 25, 1988. Tht answers to these 11
questions are attached. These answers show that with several modifications
to the cask support system (detailed in the attached answers to the USNRC
questions), the 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 simultaneously. The analyses performed by
NAC, as explained in the attached answers, show that the supports meet this
requirement. It has been noted that the 2 g load factor only ap;11es te
truck trailers with air ride suspensions; the fontaine drop frame trailers
specified in the license drawings contain air ride suspensions a..d this fact
has been verified by NAC,

The modifications to the cask sJpport system essentially consist of
additional bolts through the cask supports and base plate into the ISO
container 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 lift trunnion support for conservatish 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 shown in the attached sketches and also in the license
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

Yrr
Alan H. Wells, PhD
Manager, Licensing and Analysis
Engineering and Transportation Systems
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NRC Comments - NAC-1 Cask Sunnorts

i

Re f. : 1. Letter from Nuclear Assurance Corporation to U.S. Nuclear 'j
Regulatory Commission (A.H. Wells to C.E. MacDonald), !

AHW/88/55/ETS, May 25, 1988. ,

,.

I

2. Letter from U.S. Nuclear Regulatory Commission to Nuclear !

Assurance Corporation (C.E. MacDonald to A.H. Wells), |

September 15, 1988,
i
.

.

'Nuclear Assurance Corporation requested an amendment to Certificate No.
71 9183 for the NAC 1 Cask (Ref. No. 1) to incorporate: (1) drawing Nos. I

NAC 347 586 F2 and NAC-347 586 F3 of the ISO Container Configuration; and f
(2) the use of the Fontaine Drop Frame Trailer and the associated package [
center of gravity. |

,

I
'The U.S. Nuclear Regulatory Commission rsquested 11 points of additional

information (Ref. No. 2) in connection with their review of the NAC request.

i

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

f.

!

i

i
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1.0 U.S. NRC Co - nt:

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 verticsi) 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, GJneral 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.

i

The structural analysis of the NAC 1 Cask Supports and Container I

Attachments use's the i 2.0 g load factors in combination with a j

| material yield strength allowable stress criteria.

I

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 is a structural 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 j,

bolted straps. The cask supports have never been considered to be a |

| part of the cask package in any of the dravirgs, Safety Analysis f
: Reports, or Certificates of Compliance. Bt;ed on these considera- ;

I

tions, the requirements of 10 CFR 71.45b.1 are not applicable to the '
4

NAC 1 Cask Supports. I

!

4

!
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2.0 U.S. NRC Comment: !

Justify that the material strength of Aluminum 6061 T6 used in the

analysis is higher than that shown in Table 1 8.4, Appendix I, Section |

III of the ASME code.
.

NAC Response:

The material yield strength of 6061-T6 aluminum alloy from the ASME
'

Section III Appendices are used in the revised analyses of the NAC 1
Cask Supports and Attachments: S - 35 ksi minimum yield strength andy ,

S - 42 ksi minimum ultimate strength. The margins of safety remainu
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 ('

l
j configuration,

1

The origina?. analysis used the typical yield strength of 6061 T6, ;

S - 39.6 kai at 100'F.y
i

Based on the available test reports for the NAC 1 Cask Supports

materials, the actual material yield strengths are 42 ksi minimum with i

one plate at 39.2 ksi. The support materials were produced to the
ASME specifications.

'. |
'
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4.0 ILfi. NRC Corarsent:

Specify 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 t.be NAC-1 Cask Supports and for their attachment to
the ISO containers are as follows:

Forward Support Assy., Rotation Trunnion Clamp Bolt:
18 UNC SAE J4290, Grade 5

Aft Support Assy., Lifting Trunnion Strap Bolt:

18 UNC SAE J429 s, Grade 8

Evermastet ISO Containers

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

Aft Support Base Plate to Cross Channel Beams:
1/213 UNC SAE J429e, Grade 8

Adamson ISO Containers

Forward Support Base Plate to I Beam Cross Members:
3/816 UNC SAE J429e, Grade 8

Aft Support Base Plate to I Beam Cross Members:
3/816 UNC SAE J429e, Grade 8

The mechanical properties of the bolts are:

SAE J429e, Grade 5 Medium Carbon Steel, Quenched and Tempered

S - 120,000 psi S - 92,000 psiu y

SAE J429a, Grade 8 Medium Carbon Steel, Quenched and Tempered

S - 150,000 psi S - 130,000 psiu y

__. . _ _ _ _ _ _ _ _ .



NAC Responso (cont):

The bolt material specification is.-

Mechanical and Quality Requirements for"SAE Standard J429e -

Externally Threaded Fasteners," by the Society of Automot. ,

Engineers, Inc., New York, New York,

l

|

I

!
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5.0 U.S. NRC Comment:

Show how 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 cembers are I beams for the Adamson containers and
channels for the Evermaster containers. An analysis of the load-

carrying capability of the cross members is provided by a beam

analysis and by a bolt bearing and shear tearout analysis.

Additionally, the containers have 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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Lloyd's Register of Shipping

FRE!GHT CONTAINER CER flFICATE

Name d Menufecturw Adatason Containers Ltd. c=oficate No. 501176

Lacete of worte Station Roade Reddish, ofr,ce Manchester
Stockporte Cheshire. oca 30.10.85.

Thle le to certify that the fre.ght containers desenbod below have been manufactured at theee worts and constructed and tested in
occordance with the requvernente of Uoyd". Regieter of sP4peng for the Constn,< con and Cerchcate of Pre +ght Containers and coeform
to the e.ouiremente of es internstesi convention for sce containe. The de..ie of du,gn, meieneia, construccon and wortmanemo
contam ia the soproved pane end to too prototype conten* identatied = fonowe r

Menufecturve series No. 938/001
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Type Approvel No. end

c.s c. Aporoves Re+wence c8.LR 6820-9/85

sortei numbe

Menvfecturve model numbw CC-HH-1 owaar's | Manwfecturve

Dete of manufecture (yen end month) 1985 Septembor

Type of containa 20'x88x4'3" Open Top
850001 938/001Raag 27000 he 59520 le

(Moimum oo eting grow w+9he, to to
ownve neme end code lain NACU 850004 938/004

Nuclear Assurance Corporation
uoro e sporoved enderweents:

siscung uesuty 160000 he 352740 lb
stacung tou locs 72000 ko ** **na

trenevne r cong sut tood 15240 ko 33600 't

and wea strength N/A sae wed wreasth N/A
Fires enemination due date 1990 Auguat
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CARGO CONTAINER

PRODUCTION CERTIFICATE

oenign Type Number: AB/ 785 / e6

. .. .

Certlieste No. 26-TA 0225 1% Certi6cate is for '7 Containers
'

e$cptember 86
Date 27 Septer.ber 1956 manufactured during 19

'

,: :. 6.. sh y. s.a'- - ..

Tills IS TO CERTIFY tha,"Seven (7) 20' I 8' I 8' Open Top =---" Containen
- - - -

M....
*~

built by Ever: mater Industrie.1 Corp. - .- .c . st te.T: -

. er ecc.;r s ....n - x.-
. .. .

r ?1 n GA' % ' ' ' :for fluclear Aneurance Ccrp. '~ 1

han been thoroughly inspected at each stage of manufacture by our Inspection department under the quality control
saneillance of the American Bureau of Shipping and that the detalla of design materiala"ecEnfruction and work.e

manehlp of the containers conform to the applicable speci6 cations and to the American Burean of Shipping Rules
. ;[ s
'For Certi6 cation of Cargo Containen. e

u .s .......,,.3.. . ..

The container (s) are constructed in accordance with prints rev.iend ca _22 Septe=bAr"1986
. . , . e .. .

2
- . . . . . ., w e . . . w. , ,

~ A
reference I:]/TK-1765; under general aEgr~m2e drawing ' K03-20510(X)0 'J''''$pto*hkof khich has;

serial number _Td61MCO & E-361405 : was tested oa 27 Septe=ber 1986 ,, sane + _ w .,
,

e.. .. . . ..,.

and accepted with the tuning of prototype test cestiacat, 66.TA 0220-X , ,

- . .,

D

Siae 20' I 8' I 8' Sfodel E2051-01SA ~
-,

,
,

Sf ax. Grou Wt. 27,000 kg Tare Wt. 3,050 kg Payload 23,950 kg
59,522 lb 6,721, Ib 52,793 tb

hianufacturers serial numbers: E-861400 through E-861MC6
through. .

through. -

Operating numbers: !!AC'J35CC05 throu gh flACU85C011-
(with glpha pre 6a) through. .

through- . . -
,,

,

N Q4{'s '
Jeff H. Ke !!i , Qaalar contrei serennteadent

The undersigned bu visited the plant of I'.o m ator_ Industrial Cer;cratien |

locan.d at Chur.g- L Taiwnn
and carried out quality control suneillance u indicated in the Rules For)Iertificab of *"'hgo Containers.

F.T. uer , _ e,e,

Americar. Bureau of hipping
toe .. e.e.e e. ...s e. .e-e. ...e e. e .e e s e. s e e e e , ee ., e , y.e.e e, ... . ,see i,..ee e, ie ee . e., . . .. ..e .e > . e < e, , e . . .e
ne 1,4 5, * < e = = ', s e s 's el e.'s e, on e e ie s, s e e e.* i ei Se ee.e # se e i e e e.eis.... e n e.4, ne ne me..eae.i *e.e aos ao s ees e se e 8.!** |.. . . , e . e, e . e , . . . , s e ,, y e . , , , , . . . .'e a e , net a s a...... g,.ese se te e, .g fee ..i y % s e e, .n e, ., e.e o , , e, .. ,.e.we e et n e . = e. e s. I
leise, el ,4 ee.eo.ei.eItoo . t.e le , weee He' eel 'd e ' * 8 4 f e '' e ' e e * '' e . e '' I l e 's .* . ..e 'etD*' 65.e e * p*'e * e e' e. of le t . e ** I e d 's
4. I s e 9 9. * 0 ' e e s e e s.g Jet e.es e.- ees ee.e, e g. ,* e g . g e go q. ,,g, g, gg,,ge ,6 e ' I's . s v. e.e*, e a. , s e n e s e, esteegnes ae *e se
1,, t e a 5 < 6) 4 ( i i n g) 1
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6.0 U.S. MEC Co - nt: ;

i

i .

i

'

; 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 velds and j
'

|
the bolts will be acting simultaneously. j

i
1

} MAC Response:

! Simultaneous load resistance of the bolts and the welds cannot be I

i demonstrated using classical analysis and a no yield criteria. |

| Therefore, the analyses are revised to demonstrate that attachment |
| bolts alone will resist any combination of the 2.0 g loads at the cask |

center of gravity in the longitudinal, lateral, and vertical direc. !

tions. All of the attachment bolts are SAE J429e, Grade 8 material |
: i

(S - 150 ksi; S - 130 ksi) and all attach the support base plates to ;u y
j the container cross members through the container floor plates. '

', !
t

| The additional load carrying capabilities of the attachment velds. [

] which are present, are conservatively not considered. Also, some i

|
'

additional SAE J429e, Grade 8 bolts have been added to the container
i

floor plate in the surrounding area of the cask support base places. |
,

but have not been 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 bolte 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

j Adamson containers. The allowable loads are compared to the applied
i 2.0 g loads and margins of safety are calculated for the longitudinal,
! 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 area of the bolts is conservatively used in
the shear stress calculations.

,

|
|

4

|
!

'
1

---- -- -_---- _ --_ -
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7.0 U.S. NRC Comment:
,

1
i

Provide a sketch for ti.e Adamson ISO container showing the arrangement |

of the thirty 1/4 inch p steel rivets and the added six 3/8 inch p

grade 5 high strength bolts on the floor plate. Also, justify the

assumption that S - 55 ksi for the rivets.y

NAC Response:

The arrangement of the attachment bolts between the NAC 1 Cask

Supports and the ISO container cross members for the Adamson con-
tainers and for the Evermaster containers are shown on the licensing

drawings, 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 diaceter 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.

,

9



8.0 U.S. NRC Comment:

The eq'tation used to calculate the stress of the af t 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 lug 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 foi owing pages.

,
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9.0 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
welds for the various parts that were joined together to resist the

applied load.

NAC Responag:

A weld map drawing of the Forward Support and of the Af t Support for
the NAC 1 Cask in an ISO container have been prepared to clarify the

| details of the fabrication welds: Drawing Nos, 347 241.F36 and
347 241.F37.
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10.0 U.S. NRC C smani:2
l

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

analysim on pages 29, 30, 31 and 32 to account for the increased

lot'6ttudinal force.
|

| tiAG_)lcaponse: i

so that theThe analyses on pages 27 through 31 are for one support,
losgitudinal force used in the analyses is correct, The longitudinal

force to be used for the analysis of the base plate veld on page 32
should be doubled to 104,000 pounds.

The actual base plate weld is a 0.5 inch fillet completely around,
Lased on the fabrication drawings and visual verification on site.

The attached analysis verifies the adequacy of this base plate weld.
Howev*r, since the attachment of th e container floor plate to the

cross members (1/4 9 bolts) cannot be defined because the 1/4 9 bolt
material is unknown, bolts through the supports and floor plate (s) to
the cross members are used to carry the entire load.
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thickness to 6 mm n in.) thick, or butt tural con 6guration at both surfaces, rosion is not adversely affected by
) joints in aluminum wire and rod from and merges them to form a soertd met. ultrasonic welding, but the usual pre.
1 0 6 to 10 mm (0.005 to * e in ) in diame. allurgtcal bond. cautions should be taken whenever die.

,

'

tar, and for joining slummum to other Ultrasonic welding is well suites .N similar metals are joined.
metals. handhng matenal having thicknesse. Electron Iseem welding applies

Iuplosive welding is accomplished in the lower part of resistance welding's est by means of a concentrated beam
by the energy released from detonation enge-for aluminum, the range is of high velocity electrons. 51sgnetic,

f of high e rplosivas. This is a lap w elding fra foil thicknuses dess than 0.005 fields focus and secelerate electrons
process that allows aluminum to be mm, or 0.0002 in.) up to about 2.4 mm from an incandescent Alament. Thea

| pined to itself or to other metals with. (ssa in.). Furthermore, with ultrasonic bearn and the work are usually under
. out loss of strength, and is used to welding very thin aluminum foil can tw high vacuum-in the order of one mi.
j produce transition pints between alu. ) ined to very thick aluminum, and cron. While the stre of the work is limit.

minum and dissimilar metals. Explo. aluminum can be joined to many dis- ed by the available vacuum chamber,a

sive welding has been useful in pining atmtlar metals. this environment is ideal for prevent.t

aluminum pipes and bus bars in the Although it is not formed by general ing weld contamination. Equipment for
,

i

onld' fusion of metal, the bond achieved by welding in low vacuum and in air also4

j ultrasonic welding is an intimate met. has been developed.
.Friction (inertie) welding is a,

! butt welding process in which a sptn* allurgical union. Strength is propor. Well.fttted joint preparation is essen. I

tional to weld site. When tested to tial, and high concentration of energy
| ning part is pushed agatnst a statier..
i ary part and the fnettonal heat and destruction, ultrasonic welds in hard in a focused beam makes very narrow,

force generated produca a solid stat * alloys usually fail in shear. Those irt single pass welds possible. Welding hes
bond at the interface. Aluminum alloys aofter alloys usually pull out a button. little or no effect on the heat. treated ora

Weld strength data for electne resist. cold. worked structure of the base met.l cen te fotned by inction weldist to
similar er dissimilar alummum alloys ance spot w elds may be used for design, al and weld contamination is nil.

Testing done no far indicates this would Because equipment cost is high, this,

and to other metals When alley 0061* be conservative. some test resulta are method is useful only where scund,
1

T6 to fusion welded to 304 stainless,

steel, a bnttle intermetallic compound pubhshed in AshtE paper No. 60.WA. high strength oints are more impor.J

j is formed, but when 6061.T6 is fnetton 330 in the table entitled "Compannon tant tharilow welding cost. Apparetus
welded to 304 it forms a sattsfactory of Ultrasonte Strength with Reststance is avalable to handle parts 9 m(30 M or

Welds on Alumtnum Alloy Ap lica- more in diameter, and aluminum alloyI
pint for cryogente and heat. transfer tions for Illtrasente Welding of Afumi. thicknesses up to 100 mm (4 m.) haveapplicanons.

n u m." been welded..

Ultresonic welsling resembles re. Indentation caused by clamping force Leser Beam Weleling. The word
, sistance welding in the general config. seldom exceeds 5% of metal thickness. "laser" means light amplification by
J uration of equipment used. Overlap. It ta creater with the scfter aluminum stimulated emission of radiation. Laser

:'

ping parts to be pined are clamped alloys than with the harder matenals. welding has developed into a high.
!

'

between tips to weld them at a spot, or Adiacent or overlapping w elda can be volume production process for joining
, between rolls to weld a seam. No heat made, and proximity to an already and cutting metals. The high intensity -

i energy, as such, is supphed. The w eld ta cornpleted weld spot does not dowTi. light beam from a fused laser is highly :1

made without fusion in the ordinary grade the quality or strength of the colltmated and has good wavelength
| sente of the term. An mtenae,locahred, neat one. When lap seams are rnade to punty, Decause of the resultant high

.

'
; mechamcal wiping devs occur where pm foil, the pinta can be tnmmed power density, matenal in a lxal area '

| the parts are pressed tegether. This sienply by taanns ort the excesa lap of a workpiece can te melted andor
sction scrubs away oudes or other im. adjacent to the weld seam. vaponred with httle or no etTect on the
pcnties, rearranges the metalhe strue. Reststance of alummum alloys to cor. adjacent matenal. One of the disadvan.

,

*

1
TeMe 4 Mississenses empested testelle ottoegtene et voeleve teaspeestwees See butt welded alwsssinwsus,

clicye
1 Auer rujee.
; and emetal

Tomade unseth ta MPs Aeo a.tj umme au., - i na *c t . sm 'n -ize'er.se'n ta 'c i im 'n as 'c ism n tso'cisoo' n en sao'c e w ' n si
i 2:19 T1?M 2319.. . , 334 < 48 5) 275140> :50 (34) 240t35) 215 (31) 130 (19) '
i 2:19 c) 0319... 445i64 51 410 iS9 5) 3M t55) 345<50) :60 (38) 150 (22)

|) 3003 1100. . 1901275) 149(21 5) 1:1 (17 5) 97 (14) 64 (9 5) 34(5).

) 505: 5354 . 260(39) 215131) 153 (24 51 170(25) 145 (21) 7:(10 5:.

1 5083 5183 . . . . .375(545) 315 t 46) 0906405) :*5 (40) ... ..

5064 5354. .330t46) 50t405) 245(35 5) 240 (351.. " "*
5454 5554.. .. .305444) 055 (37) 200 (3:1 215 (31) 160 (06) 105 (15)5454 5554. . ,,385(56) 308(47 5) 093(4:5) 290 i42) .'+ '.

606bT6'b) 4043.. . 238'34 5) 205(301 163i:6 5) 164 (24) 150 (20) 41 (6l60fild 4043. 380155) 341(495) 315i46) 290 t 40) :17(31 51 48til.

j s A%s not I sted at t So *C :3o0 *D ene 06o *C iloo'O m na rowreased for see et e*staines omretas teaperstsme of me S4 'C s tS0 'D N A4 setdmi
; .e) Heat tmetec an4 seed t*.er meer g
1

f.
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Jelning Aluminurn/199
*

Toble 7 Minimene esposted t

sheer strengthe et tillet welds Fig. 3 Alloweble sheer strengths for single spot welais in
la elemineas elleys eleminens elle,ys e different tenslie strengths,

ah e
rin.e...at w. . g*
.u.y wre het N *** s mt *

'"!"" ** " "
1100 ............... 82 7.3 . ne' ,

,, ,[, im}2319( a@ . . . . . . . . . . 110 16 '. iss ie ns wee

2319W ............ 150 22 ] usi seip-
|

-

4043a)............. 79 11.5 } pe -

* * " " " * ' " * " [ #
7'5

6052 | . 2 2 [ 52 ZI.',"," %' /5154 $3 12 ime' -
>

8554 .............. 115 17 * .se -

f
6554 .............. 140 20 / |\,

f| '" _f , \p og$454 ............... 83 12

tem.welpu .r..ue m H n.aut.4 au vgj j "in .in . .
-cru . a. * Aru.

' ' '|. n m
tw., . . .a.

g M- ,,,.~.i
|

in ue.
'e" '^" " ** 8 - nesi

: ,
s is is is as to s4 ss

w u.% =

| Fig. 4 Benge of typleet
sheer "r'av'b8 '** *8aele io..ica,. .x w ,veima ..n 61..h .ws*isba.d.a*.epet wolde in three high. ,m g S, mio,,, .s . .

strength eleminese elleys

; w ,,, .e ooi . the 6aaz series.100% emetency can be on the minimum reproducible ahear
obtained when the welded structure strength (of single.epot spectmens) ob.

|
,

, n ,a u u 'm in ..,

; can be soh.tton and precipitation heat tainable under the established manu.j tm > > r i

treated after welding. Nearly 100% er. factunng condittons. Figure 4 presents!
'*

/ -]
A:iency can be obtained when welding such test data for three high strength

;, a in the T4 tempt by using one of the alloya. Figure 5 shows design allow.' ' " '
* high sped welding tuhatques. such as able ahear strength in relanon to the; / )) ,,' . ./ inert gas shielded metal arc welding or tensile strength and thickness of the

o -1 } electron beam welding. in which the alloy being welded,~_

d, }
j amount of heat dawing into the ba e .)esign allowables develend in sin.

gg
A Inetal of the pint is limited, and by gle epot shear specitnens are applicablen, _ f' w .i w ,! ,

ters to precipitation heat treating anet weld. to multispot patterns. provided the dis.1

g! ing. In the 1 aa and Tatz wnes, such tance between adjacent we!da is not; ,

' i l *s practice produces less improvement in less than two nugget diameters. Clour |
, s' pint erl'.ciency. Alloy 0014 and espe. distances w.ll result in shunting cur.
| * * " " ~ ctally alloy 2219 are widely welded for rent losses, which will reduce current'

j spacecraft boosters, where machined or density in the spot weld and reduce the
chemically milled lands are provided to sta of the weld and its ahett strength. ;

,

i
achieve adequate strength across the Such losus, wrach increase with the ;

tages of this process is the initial equip. welded pints. Summanes of minimum thickness of the matenal, must be tak. '
'

I ment cest, which can go as high as e spected butt.w elded prope rties of eom. en into account an design.
$1000 000. monly w elded aluminum alloys are giv."

j en in Tablu 5 and 6. The minimum Breming Processes
Strength of Welds ext *ct+4 *h'*r strength of fillet weldwl'

aluminum ta gisen in Table 7. Brazing is a typ ofjotnteg process in
The strength of sound, normal. as. The fatigue life of welded pints at which oalescence is obtatr.e4 by heat,

deposited aluminum alloy weld metal high loads unes with the alloy. As the ing the base metal to a te=prature !
,

- is approumately $0 to 050 MPa (12 to load is decreaud. differences disappar twtow sta solidus ternperature and add. i

, 40 ksa Joints in non heat treatable until, at about one to ten million cycles ing a aller alloy. using duz. T'ho dus !

] alloys can be made so that they will fail of ax421 loading G = 0). the fatigue promotes wetting of the pint surface by ;

in the base metal, rather than in the strength of an arc welded pint ts ap. the Alle alloy, which is selected to I

j eeld metal by prepr wiection of the prour:v.tely the same regardless of al. hase a liquidus ternperature slightly ;

filler alloy. For hard rolled tempers. loy and is 50 to 70% that of the un. below the solidus of the base metal.
the bau metalin the heat a:Tected rone w elded alloy. Typteal data are given in Although the base metalis ' tot melted. :

en either side of the ytnt is sedene i by Fig. 3 for alloys 3003 0. 5154 H34 end there is dedntte dithaion terween the ;
the heat of welding, precludmg the 6061 T6. bas.e and Aller metals,
pssibility of et..atning high ptnt etT). Design entena for resistance spot Braatng can be used sue:esst'ully on j
ciency. With heat treatat>1e alloys of welded aluminum usually are based very thin matenal and on assemblies ;

|
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|

11.0 U.S. NRC ce_gacA:

|

| It appears that the same veld may have been used to resist upward,
! longitudinal, and lateral loads in separate calculations (pages 27,

28). Provide a design sketch to show all the velds and calculate the
| stress based on combined loads.
I

| NAC Responsg
t

The subject welds previounty analyzed on pages 27 and 28 are

reanalyzed for the combined loadings in the vertical, lateral, and

|
longitudinal directions. A sketch defining the weld locationi,

lengths, and sizes is provided. The weld filler.netal is ER$356 with
ultimate and yield shear stress allevables of S, - 15 kai and

S,y - 12 ksi.

'
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Table s "h em;:r:d pc:;%s et . _ _ . teanperatore for bett wolded eImaniseen ellersteHb)
Ten de strength Compreselve Sheme strength Bearing strength

y6 eld

Predect Taickneen range Ultimmae(b) Yleid(c) strengtWel Ultianese Yleid Ultianase Yield

ABey and seamper forma man in. MPs kai MPs kmA MPs hat MPs kai MPa hat MPs hat MPa kal

1100-1112,1I14 All All All . 76 11 31 4.5 31 55 8 17 2.5 160 23 55 8

3003-1112,1814,1I16,lito All All All 97 14 48 7 48 69 10 28 4 205 30 83 12

Aklad 3003-1112,1114,1116,1I18 All All All . 90 13 41 6 41 6 69 10 24 3.5 205 30 76 11

3004-1 0 2,1134.II36,1138 All All All .150 22 76 11 76 11 97 14 45 6.5 315 46 140 20

Alclad 3004-1132,1134, II36 All All All .145 21 76 11 76 11 90 13 45 6.5 305 44 130 19

1138, til4,1116

3003-1125 Sheet All All .115 17 62 9 62 9 83 12 34 5 250 36 105 15

5005-1112,1114, 1132, 1134 A!! All All . 97 14 48 7 48 7 62 9 28 4 195 28 69 10

5050 1132,1134 All All All .125 18 55 8 55 8 83 12 30 4.5 .250 36 83 12

5052-1D2.1D4 All All A!! .170 25 90 13 90 13 110 16 52 7.5 345 50 130 19

5083-11111 Estrusions All All . 270 39 145 21 140 20 160 23 83 12 540 78 22d 32

ID21 Sheet and plate 4.7-38.1 0.168-1.5 . 275 40 165 24 165 24 165 24 97 14 550 80 250 36

11321 Ihte 38.1 76.2 1.501-3.0 .270 39 160 23 160 23 165 24 90 13 540 78 235 34

1D23, IDt3 S! wet All All . 275 40 165 24 165 24 165' 24 97 14 550 80 250 36

50 4 11111 Estrusaons All All .240 35 125 18 115 17 145 21 69 10 485 70 195 28

11112 ihte 6.4-12.7 0.25-0 499 . 240 35 115 17 115 17 145 21 66 v.5 485 70 195 28

till2 ihte 12.7-25 4 0.50-1.0 .240 35 110 16 110 16 145 21 62 9 485 70 195 26

11112 thte 25 4-50.8 1.001- . 240 35 97 14 97 14 145 21 55 8 485 70 195 28

1132. 1134 Sheet ara plate A!! 2.0 . 240 35 130 19 130 19 145 21 76 11 485 70 195 28

5154-1138 Sheet All All .205 30 105 15 105 15 130 29 59 8.5 415 60 160 23

5454-11111 Extrumons All All . 215 31 110 16 105 15 130 19 66 9.5 425 62 165 24

11112 Estaussons All All .215 31 83 12 83 12 130 19 49 7 425 62 165 24

1132, 113 4 Sheet and plate All All . 215 31 110 16 110 16 130 19 66 9.5 425 62 165 24

5456-lillt Extrussens All All .285 41 165 24 150 22 165 24 97 14 565 82 260 38

11112 Extrunaons All All . 285 41 130 19 130 19 165 24 76 11 565 82 260 38 g

ID21 Sheet and plate 4.7-38.1 0.188-1.5 . 290 42 100 26 165 24 170 25 le 15 580 84 260 38 9
*

11321 lhte 38.1 76.2 1.501 3.0 . 285 41 165 21 160 23 170 25 ?' 14 565 82 260 38 3

11323,11343 Sheet All All . 293 42 180 26 180 R$ 170 25 If 5 560 84 260 38

6061-T6. T651. T6510, T6511(d) All Over 9 5 Over 0 375 . 165 24 140 20 140 20 105 15 83 '2 345 50 205 30 )
*~

T6, T651.T6510. T65115e) All Over 9 5 Over 0.375 . 165 24 105 15 105 15 105 15 62 9 345 50 205 30 C

6063-TS. T6 All All All .115 17 76 11 76 11 76 11 45 6.5 235 34 150 22 g

6351.T5(d) Extrumoen Over 9 5 Over 0 375 . 165 24 140 20 140 20 105 15 83 12 345 50 205 30 g
T5ae) Estruaions Over 9 5 Over 0.375 . 165 24 105 15 105 15 105 15 62 9 345 50 205 30 C

3
' ' in Tabla 3. Ultimate tenaale estese are ASME weld <inahncation-test values. 2

(a b Ces tungsten-arc or gas meta. ort weLims with me poetweld heat treatment. (b) Faller wues used are those s g
sc,0 21 edert sa 250-rna 4laan. p gage length acrees a butt welJ 416 Velues are for weLimg with 5 t h3. 5356 or 55',6 6:ler wire. recstdless of thwknees Valuce also apply to thuk neeers less than 9 5 mmq
to 375 sa ) when we1Jang is does with4043,5554 er 5654 611er wue ieb Values are Iur weWang with 404J.m4 or W4 Men were.

B

_ _ _ _ _ _ . . _ _ _ . . . . _ . . _ _ . _ _ _ _ _ _ _ . _ _ _ _ . _ _ __ _ _ _ _ _ _ _ _ . _ _ _ _
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198/ Aluminum

thickness to 6 mm (t4 in.) thick, or butt tural configuration at both surfaces, rosion is not adversely aiTected by
jomts in aluminum wire and rod from and merges nem to form a sound met- ultrasonic welding, but the usual pre-
0.6 to 10 mm (0.025 to A s in.) in diame- allurgical bond. cautions should be taken whenever dis-ter, and for joining aluminum to other Ultrasonic welding is well suited for similar metals are joined.
metals. handling matenal having thicknesses Electron beam welding applies

Explosive welding is accomplished in the lower part of resistance welding's heat by means of a concentrated beam
by the energy released from detonation range-for aluminum, the range is of high velocity electrons. 51agnetic
of high explosives. This is a lap welding from foil thicknesses (less than 0.005 fields focus and accelerate electrons
process that allows aluminum to be mm, or 0.0002 in.) up to about 2.4 mm from an incandescent filament. The
Joined to itself or to other metals with- 0 2: in.). Furthermore, with ultrasonic beam and the work are usually under
out loss of strength, and is used to welding very thin aluminum foil can be high vacuum-in tne order of one mi-
produce transition joints between alu- joined to very thick aluminum, and cron. While the size of the work is limit.
minum and dissimilar metals. Explo- aluminum can be joined to many dis- ed by the available vacuum chamber,
sive welding has been useful in joining similar metals,. this environment is ideal for prevent-
aluminum pipes and bus bars in the Although it is not formed by general ing weld contamination. Equipment for
field' fusion of metal, the bond achieved by welding in low vacuum and in air clso

F ricD.en (inertia) welding is a ultrasonic welding is an intimate met- has been developed..

butt welding process m which a spin- allurgical union. Strength is propor. Well fitted joint preparation is essen-,

tional to weld size. When tested to tial, and high concentration of energyning part is pushed against a station-
destruction, ultrasonic welds in hard in a focused beam makes very narrow,ary part and the frictions! heat and

f ree generated produce a solid state alloys usually fail in shear. Those in single pass welds possible. WJding has
bond at the interface. Aluminum alloys softer alloys usually pull out a button. little or no efTect on the heat treated or
can be joined by friction welding to Weld strength data for electric resist- cold worked structure of the base met-
similar er dissimilar aluminum alloys ance spot welds may be used for design. al, and weld contamination is nil.
and to other metals. When alloy 6061- Testing done so far indicates this would Because equipment cost is high, this
T6 is fusion welded to 304 stainless be conservative. Soine test results are method is useful only where sound,,

steel, a brittle intermetallic compound published in AShiE paper No. 60 WA- high strength jointa are more impor-
is formed, but when 6061 T6 is friction 332 in the table entitled "Comparison tant than low welding cost. Apparatus
welded to 304 it forms a satisfactory of Ultrasonic Strength with Resistance is avalable to handle parts 9 rn (30 fu or
jomt for cryogenic and heat transfer Welds on Aluminum Alloy Applica. more in diameter, and aluminum alloy
applications. tions for Ultrasonic Welding of Alumi. thicknesses up to 100 mm (4 in.) have

num." been welded.Ultrasonic welding resembles re- Indentation caused by clamping force Laser Beam Welding The word
sistance welding in the general config- seldom exceeds 5% of metal thicknesa. "laser" means light amplification by
uration of equipment used. Overlap- It is greater with the softer aluminum stimulated emission of radiation. Laser
ping parta to be joined are clamped allo /s than with the harder materials. welding has developed into a high-
between tips to weld them at a spot, or Adjacent or overlapping welds can be volume production process for joining
between rolls to weld a seam. No heat made, and proximity to an already and cutting metals. The high intensity
energy, as such, is supplied. The weld is completed weld spot does not down- light beam from a fused laser is highly
made without fusion in the ordisiary grade the quality or strength of the collimated and has good wavelength
sense of the term. An intense, localized, next one. When lap seams are made to purity. Because of the resultant high
mechanical wiping does occur where join foil, the joints can be trimmed power density, material in a local area
the parts are presaed together. This simply by tearing otT the excesa lap of a workpiece can be melted and'or
action scrubs away oxides or other im. adjacent to the weld seam. vaporized with little or no effect on the
punties, rearranges the metallic strue. Resistance of aluminum alloys to cor- adjacent material. One of the disadvan.

Table 4 Minimesse exputed tensile strengths art verleve temperertwres for butt welded asleminum
clisys

suoy nuer-
cM metal Tensue strength in MPs (list at
tem per aUoy - 165 *C (- Soo 'M - 129 'C ( = 200 'M 73 'C (- loo 'M 38 'C (10L 'M 150 'C (300 'D al seo 'C (500 'Na)
2219.T3ht) 2319.. . . 334 (48.5) 275(40) 250 (36) 240 (35) 215 (31) 130 (19)2219(c) 2319.. . 445164 5) 410 (59.5) 380 (55) 345 (50) 260 (38) 150 (22)3003 1100..... 190 (27.5) 148 (21.5) 121 (17.5) 97 (14) 66 (9.5) 34 (5)5052 5356.. . . 260 (38) 215 (31) 183 (26.5) 170 (25) 145 (2') 72 (10.5)5083 5183. .. . 375 (54.5) 315(46) 280 (40.5) 275 (40) - "-
5086 5356.... . 330(48) 280(40.5) 245 (35.5) 240(35) - -

5454 5554.. . . 305 (44) 255 (37) 220 (32) 215 (31) 180 (26) 105 (15)5456 5556.... . 385 (56) 328(47 5) 293(42 5) 290 (42) - -

6061 T6't) 4043. ... 238(34 5) 205(30) 183 (26 5) 165 (24) 150 (20) 41 (6)6061(c) 4043. . 380 (55) 341 (49.5) 315 (46) 290 (42) 217 (31.5) 48 (7)
lei AUoys not hated at 150 *C (300 'D and 060 'C 15o0 'D are not recorrsended for use at sustamed oprsunt temMrstures of over 65 'C (150 'D. (b) As melded,aci Heat treated and aged aAer meldms
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Joining Aluminum /199

Ymlele 7 minisiewei expoeted
stieur strengeles of fillet welds ylg. 3 Allowable slooer stresegtles for single spot welds in
in aluminene elleys aluminesse elleys of dlMerent tensile stroegtles

Shear
Fillereetal ettength
alloy MPs ksi Sheet tNcknas. o oot in.

e to o u u m no
1100 ... 52 7.5 .m

,, h, ins ie"sss ur. #.' ' ' '.... ... .

2319(sXb) . . .. 110 16 t

2319(c) . . . . . . . . . . 150 22 l us a 58 k@ - 1500 }
.

' g
'

4043(a) . . . . . . . . . . 79 11.5 } soo
5052..... ... .. .. 52 7.5 h"ss ur*e m*a*

[. m
1

5154 83 12 7g,3 \' ,mff 40
, , ,

.. .. ...

5554 ... . ..... 115 17

j= fg/ , q \\ ,j
!

5556.. ........... 140 20 t

5654........ ...... 83 12

p q 7 ,,; n,,,m m,,,g gu
t.m.im y i.eiets,ee mntu. m ru.gg ,g eus. m ne.i. ire.se4 an4 ,

,,
f

,, ,

y E ossu | | ,,. .s ,s ,, i. ,, is

Shut mickness, mm

rig. 4 Reage of typteel
siteer strep for stengle In welding two sheets of unequel thinness, elloweble sheer strength le based on the
spot welds en tieroe Itigita thicknese of the thinner sheet,
strengtle eleseninosa elleys

the 6xr.: series,100% eHiciency can be on the minimum reproducible shearsr . .ocoi .
obtained when the welded structure strength (of single spot spccimens) ob.no a u m m intwo, can be solution and precipitation heat tainable under the established manu-. . , i

treated after welding. Nearly 100% ef- facturing conditions. Figura 4 presents
/

8

Sciency can be obtained when welding such test data for three high strength

i 7 a in the T4 temper by using one of the alloys. Figure 5 shows design allow-'*

; /
.,3

] high speed welding techniques, such as able shear strength in relation to the
j*. /. - inert. gas shielded metal.are welding or tensile strength and thickness of the

3 electron beam welding, in which the alloy being welded.# j 2-
.

smount of heat flowing into the base Design allowables developed in sin.3 # I =

# Ei'u ~ 5 metal of the joint is limited, and by gle spot shear specimens are applicable, '
n7sas precipitation heat treating after weld- to multispot patterns, provided the dis-g[ ing. In the 2xxx and 7xxx series, such tance between adjacent welds is not

e o practice produces less improvement in less than two nugget diameters. Closer
a a a e joint eiliciency. Alloy 2014 and espe- distances will result in shunting cur-

" " * *" "' " cially alloy 2219 are widely welded for rent losses, which will reduce current
spacecraft boosters, where machined or density in the spot weld and reduce the
chemically milled lands are provi4d to size of the weld and its shear strerigth,'

achieve adequate strength across the Such hsses, which increase with the
tages of this process is the initial equip- welded joints. Summanes of minimum thickness of the material, must be tak.
ment cost, which can go as high as expected butt. welded properties of com- en into account in design. |
$1000 000. monly welded aluminum alloys are giv-

en in Tables 5 and 6. The minimum Brazing Processes |
Strength of Waleis expected shear strength of Allet welded

aluminum is given in Table 7. Brazing is a type ofjoining process in
The strength of sound, normal, as- The fatigue life of welded joints at which coalescence is obtained by heat-

deposited aluminum alloy weld metal high loads varies with the alloy. As the ing the base metal to a temperature I

is approximately 80 to 280 MPa (12 to load is decreased, differences disappear below its solidus temperature and add- |

40 ksi). Joints. in non. heat treatable until, at about one to ten million cycles ing a filler alloy, using flux. The flux
alloys can be made so that they will fail of axial loading (R = 0), the fatigue promotes wetting of the joint surface by
in the base metal, rather than in the strength of an are. welded joint is ap- the filler alloy, which is selected to
weld metal, by proper selection of the proximately the same regardless of al- have a liquidus temperature slightly
filler alloy. For hard. rolled tempers, loy and is 50 to 70% that of the un- below the solidus of the base metal.
the base metal in the heat.afTected zone welded alloy. Typical data are given in Although the base metalis not melted,
on either side of the joint is softened by Fig. 3 for alloys 3003 0. 5154 li34 and there is definite difTusion between the
the heat of welding, precluding the 60dl T6. base and filler metals.
possibility of obtaining high joint efli- Design criteria for resistance spot Brazing can be used successfully on
ciency. With heat treatable alloys of welded aluminum usually are based very thin matenal and on assemblies


