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ABSTRACT
Construction of the US. Coast Quard
Cutter Leopold, the lead ship of the 36 m
(120 ft) ritage Class, is discussed. A

new Structural Critical A um num Steel
Transition (SCAST) product, Duratenp II"
was selected for the welding transitions
between the alumnum deck house and steel
deck. The explosion bonded naterial's
hi gher stren%th and toughness pernmtted
use of lighter, narrower transition
joints (1 cm (0.375") wide x 2 cm (0.75"

thick) ~ than are permissible wit
traditional materials. The unique heat
resistance of the material permtted

cutting and wel ding of the small section
joints wthout overheating. The need for
corner butt joints was reduced due to the
product's reliable bendability. Wlding
procedures and Quality Assurance
procedures are discussed in detail.

| NTRODUCTI ON

The U.S. Coast Guard in conjunction
with its ship reﬁgair facility in Curtis
ryl and

Bay, Baltinore, , was tasked wth
bui | di n? the USCG Leopol d WPB 1900, a 36
m (120 ft) "Heritage Class" patrol boat.

The Leopold was to be used primarily as
an offshore platform for the interdiction
of drugs, search and rescue, and |aw
enf or cement . Li ght wei ght construction
and mnimal nmaintenance were critical

factors in design and selection of
material of construction.  Construction
Ot the Leopold was placed on hold

subsequent to the work discussed here.

DESI GN AND FABRI CATI ON

The Leopold, due to its critical
wei ght and high speed demands, required
the use of |ight Eauge 5086 al um num for
the pilot and deck-house structure. The
alumnum was to be joined to the steel
deck by wusing an explosive bonded
transition joint material. A newy
devel oped product, Duratenp 1", was
chosen over nor e traditional
Al umi nun Steel transition joint materials
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due to its higher strength, superior
fabricability, ~—~ and proven corrosion
resistance. ~ This was the first shipboard

installation to use this material.
The USCG in cooperation with the
manuf acturer, chose a 1 cm (0.375") wide
X 2 cm (0.75") thick transition joint for
use in joining the pilot and deck-house
to the steel deck. Fabrication of
traditional Al unminum Steel transition
joint materials using bars of this small
of a cross-section is general |
considered unreliable. Traditiona
al um num steel transition joint products
can be significantly degraded if the bond
zone is heated above 260 degrees C (500

degrees F) during welding. — Maintaining
the transition jornt bond zone below this
t enperature becones i ncreasingly

difficult as the width and thickness are

reduced. There are no nondestructive
testing methods to verify t hat
over heati ng, and resultant ‘strength
deterioration, have not occurred. The new
transition joint material discussed in
this paper enploys additional interlayer
metals ~ which ‘increase the maxinum
germ’ ssi bl e wel di ng tenperature to over
40 degrees C (1,000 degrees F).

was al so used to
join watertight alumnum deck panels to
steel web frames and stiffeners in the
arnory space. This required the material
to be formed in tight radii of 5 cm (2"?.
Traditional al um nun st eel mat eri al s

cannot be bent in this manner without
cracking and nust be saw cut from plate
to produce the desired contours.

The new product

JO NT DESI GN

The selection of a butt joint design
that woul d mininmze areas susceptible to
corrosion was a concern for design and
construction personnel. Due to the
unprevent abl e formation of brittle
intermetal [ics during full butt welding,
alum num steel transrtion joint products

are butt welded using partial penetration
procedures. The effects of corrosion on
dissimlar metals in a marine environnent



requires unwel ded portions of the joint PRE- SELECTI ON DESTRUCTI VE AND

to be sealed tight by hand peening or the NONDESTRUCTI VE = TESTI NG

use of such products as silicone caul king ) o
or epoxy pat chi ng compound. Three alumnum to steel transition
Additionally, external surfaces should t est plates were submitted to a
then be painted to seal areas not filled commercial lab for destructive testing.
by peening or caulking. After evaluatin ASTM AG07 steel, 5 nm (0.188") thick, was
various joint designs, the Coast Cuar wel ded to one side, and 5086 H116
selected the joint design outlined in aluminum 3.2 nm (0.125") thick was
Figure 1. This design provided a wel ded to the other side using the Gas
structurally sound, repeatable, inpact Metal "Short Arc" (GVMAW wel ding process
resistant and cost efficient butt weld. in accordance with the requirements of
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FIGURE 1: Design of butt joints between FI GURE 2: Design of welds between
ends of transition joint strips. al um num and steel plates using
transition joint material.

Table I: Welded Tensile Tests Using Specinen Design Shown in
Figure 2

Test |.D. Di mensi ons Area Failure Load Utimte Strength
m_(in) m Sq ?ln-sq) kg (1b) ka/cmso (Ib/in-sq)

Specimen  #1

Alumnum Wb 0 x 13.4 40. 2 1,218 ,030

um T B b 50 (06 (2'680) 1%

Transition 12.3 x 13.4 165 NO. 738

Joi nt (0.484 x 0.526) (0. 256) Failure (10, 469)*

Specimen  #2

Aumnum Wb 3.1 x 8.7 27 927 3,430
(0.123 x 0.343) (0.042) (2.040) (48,571)

Transition 10.4 x 8.7 90.5 NO. 1,020

Joi nt (0.410 x 0.343) (0. 140) Failure (14,571)*

Speci men  #3

Aumnum Web 3.1 x 13.6 42,2 1,255 %,970
(0.123 x 0.534) (0. 066) (2,760) 41, 818)

Transition 9.9 x 13.6 135 No. 930

Joi nt (0.389 x 0.534) (0. 209) Failure (13,205)*

*

Stress on bond zone at time of Alumnum failure.
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Table | of ML-STD 248C.  Four macrotech
specimens were evaluated showing no
defects in the bond zone after welding.
Three transverse tensile specimens were
also evaluated. (Specinen design is shown
in Figure 2, except width and length! per
Table'l.) Al three tensile specinens
broke in the aluninum base naterial
outside the heat effected zone, thus
proving the overall effectiveness of the
joint. = Values are given in Table | for
each test; the aluninum data reflects the
ultimate tensile strength of the alumnum
only. The test data shows the maxi num
stress successfuIIY sust ai ned by the
coupon before the alumnum failed.

Test butt welds were made using the
design presented in Fi ?ure 1. Inrtial
wel ds were made using alumnum alloy 5356

Table 11: Welding Procedures

filler metal. Dye penetrant exanination
revealed cracking in the alumnum portion
of the weld. A charcljge to alloy 1100
filler metal elimnated this probl'em

VELDI NG PROCEDURES

el ding the bul khead panels to the
transition Joint was acconplished using
Gas Metal Arc &GNA and Shield Metal Arc
(SMAW for the steel welds and Gas
Tungsten Arc Welding (GTAW for the
alumnum  The wel ding paraneters |isted
in Table Il were conducted and qualified
in accordance with ML-STD 248C
information provided does not reflect the
entire welding procedure specification
and is presented for information only.

Vel di ng Procedure Specification for GMAW: ASTM A607 G ade 50 or

A572 Grade 50 Steel

Base Material

Filler Material

Shi el di ng Gas Anps

1.

5 - 15 mm E70S-6
(0.058 - 0.560")

Vol ts
100% Argon 40- 260 10-18
at 0.6-0.7CWH :

(20- 25CFH)

cm 8" , Vertical we

Note:  The weldi ng< OWer source was constan[ vol t age Dci%yﬁfa%th the t rchlgg

larit
were In the uphil] p
550 degrees F). No

8 mm {114 and 518"

Wl di ng Procedure Specification for GrAW

Pg. Maxi mim weave was
r ?re sion. . mninum preheat was
ostwel d heat was specified. (as cup size was between 6 an

intained at 10 degrees

5086 H116 Al um num

Base Material Filler Metal Shielding Gas Anps Vol ts
1.5 - 15 mm AN EWH - 2 100% Argon 40- 260 10-18
(0.058 -0.560") or EWI at 0.56 CWH

(11.3 CFH)

or Higher

L st abit i o) PRASE i %5 T I(\é%"fg? nﬁ?\n }%YR? M%Pnuhrhggréﬁeeﬂ“e%\é

mintained at 10 degrees C (50 degrees F).
cup size was between 1 and 2.2 cm (3/8" and 7/8").

St e eat was specified. Can

Vel ding Procedure Specification For SMAW  ASTM A607 G ade 50 or

A572 Grade 50 Steel

Base Mhaterial Filler Metal

AMPS Vol ts

1.5 - 15 mm
(0.058 - 0.560")
Table |1

M L- STD 248C
3,2 m (1/8")

El ectrode

4 mm (5/32")
El ect rode

2.2 mm (3/32")
E7018 or as per

65- 100 18-22

90- 150 21-23

110- 230 21-25

Note: The welding power source was .constant anmperage DC tytp,e on reverse (DCEP)

or straight polarity (DCEN)

Maxi mum weave was three

Imes the electrode

diameter.” Mninum preheat ‘was _neintained at 10 degrees C (50 degree(sg/Fg". 4\#%

gfgltl\)/\eld heat was specified.

7C1-3
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| NSTALLATI ON

The installation of the alum num
deck house and the armory space required
over 150 m (500 ft) of transition joint
mat eri al . um num and steel attachment
wel ds were nade along the full length
using the design in Figure 2 and the weld
procedures in Table II. The construction
included over 50 butt welds of the design
shown in Figure 1. Figure 3 shows a
section of the transition joint bar to
whi ch both al um num bul khead plates and
steel conbi nfg have been tack welded in
preparation for final welding. A butt
weld between two transition joint bars
can be seen near the left side of Figure
3. In Figure 4 the alum num wel ding has
been conpleted and the steel weld is
bei ng nade. Figure 5 shows the welded
sections of prebent transition joint bars

FI GURE 3:
wel ded to alumnum and steel ]
|ates fixtured for final welding. A

Transition joint strip tack

utt joint between bars is |ocated

approximately 3 cm (1.2") fromleft
edge of picture.

FIGURE 50 Corner weld in arnory space.
Tr3n5|t|on joint is bent at 5°cm (2")
radi us.

in the arnory space. Figure 6 shows a
ad of the transition joint product which
as been fillet welded on the vertical
steel edges.

| NSPECTI ON OF | NSTALLATI ON

Nondestructive evaluation of the

wel ded sections was conducted _in
accor dance with M L- STD 271,
Nondestructive Testing Requirenents for
Metals  and  NAVSHI PS 900- 003- 8000,
Surface |Inspection Acceptance Standards
for Metals. The installation was dye

penetrant inspected on both sides over
100% of the [|ength. There was no
evi dence of bond separation over the
conplete length of the installation,
including the armory space corners, and
the fillet welded pads.

FI GURE 4:

Wl ding steel c
bottom of transition joint strip.

conbing to

3

FIGURE 6:  Stanchion support transition
joint steel fillet weld iIs
made to vertical edge of pad.

7cl-4



TRANSI TI ON JO NT MATERI AL EVALUATI ON

The transition joint material was
manuf actured in accordance with the
requirenents of M L-J-24445A The
product used in the Leopold installation

was manufactured as explosion bonded
plates, then saw cut into 1 cm (3/8")
wide x 3 m(10 ft) long strips. The job

re%uired. materials fromtwo plates 1.2 m
ﬁ4 ") wide x 3 m (120") long.  Both
plates were fully tested for conpliance
with ML-J-24445A, including all First
Article Tests. First Article Test
results are presented in Table III.

The new transition joint material
was devel oped in response to requests by

shi pbui | ders for a “fabrication
friendly," higher strength alum nunisteel
transition joint nmaterial. Ext ensi ve
data on the devel opnent of the product
and a conparison to properties of other
transition joint naterials were presented
at  the 1990 and 1991 SNAME Ship

12

Producti on Synposi uns

The new transition joint nmaterial is
an engineered product designed to provide
superior performance while being highly
resistent to deterioration during

Table I1l: Transition Joint Material Test Data | AW M L-J-24445A,
First Article Testing

Test Type Simulated \Veld Test Results (Note 2
- CQycle (Note 1) e sults (Note 2)

A Ram . As delivered 087 kg/cmsq (29,680 |b/i
Tensile As del 1vereq 134 kglcmsq 30,357 Ib/i?nn ssq
Test 315C (600°F) 738 kalcmsq (24,719 [b/in s

315.C (600°F 833 E fcmsq (26,067 ‘B/m S
it oo o gcmsd (19396 (/i §
538°C (I, 0O’ F) 359 kg/cmsq (19,326 Ib/in sq

B.  shear
Strength
Test
(Note 3)

Bl. Aluminum/ As delivered 1,032 kg/cmsq (14,682 Ih/in sq
Titanium  As _del i ver ed 989 Kg/cmsq (14,064 |blin-e
Bond 315.C (600 F 871 kg/cmsq (12,386 |Db/in sa

315°c (600 891 kglcmsq (12,676 B/ ns
538°C (T, QO'F 805 kgcmsd (12933 [b/in <
538°C (I, QOO F 823 kg/cmsq (11,702 Ib/lin s

B2. Titanium As delivered 3,921 kg/cmsq (55,749 Iblin s
Copper- As _delivered 3,982 kgg/cms% ((56,627 |b/|n-sa
Nickel 31511.T (600 F 4,007 kg/cmsq (56,984 |b/in sq
Bond 315°c (600F 3,928 kg/cmsq (55,866 [b/in sq

538.C l F 3,926 g/cmsa 55,831 Iblin s
538°C (I, 0C°F 3,260 kg/cmsq (56,355 [b/in sa

B3. Copper- As delivered 3,252 kglcmsq (46,250 Ib/in s
Nbokel7  AS delvered 3684 kg/cms% (59 Wbl in-S
Steel 315% 600@ 3,190 kg? cmsq (44,864 |blin s
Bond 315°c 60% 3,054 kg/cmsa 51,954 [b/in s

538°C (I F) 3,291 kg/cmsq (46,794 [b/in s
538°C (I', OO’ F) 3,348 kg/cmsa 47615 1blin sa

. Sid As del i vered 90° bend, no fajlure

‘ Btleng 315%¢ $600§F 90° bend, no fajlure
Test 538°C (1, F) 90° bend, no failure

D.  Chisel As  delivered Acceptabl e
Test 315'c ( 600F) Acceptabl e

538°C (1, 000°F) Acceptabl e

E  Fatigue As wel ded Acceptable per specification

Test

NOTES:

1) Specinens were heated to tenperature indicated and held 15

m nutes at that tenperat ure.

2) Results are shown for two sets of specinens selected from
di agonal |y opposite corners of plate.

3) Shear strength values are average of three tests each.

-5



cutting, bending, and wel ding. The
i mproved properties are achieved through
the use of two interlayer materials
bet ween the al um num and steel. A
titanium interlayer adjacent to the
al um num el imnates probl enms of
deterioration due to overheating during
wel di ng. A copper-nickel interlayer
bet ween t he titanium and st eel
consi derabIK i mproves fracture toughness
and strength.

In conmparison to  traditional
al um num st ee transition  joint
materials, the new material exhibits:

over twice the tensile strength,
over twice the fracture toughness,
equivalent corrosion resistance, and
bendability at /10 the radius.

Wth the older material, the bar
widths are limted to 2 cm (0.75")
m nimum for reliable fabrication; as
denmonstrated at Curtis Bay, the new
material can be reliably fabricated at 1
cm (0.375") width.

When using the old naterial, weldin
tenperatures nust be maintai ned bel ow 26
degrees C (500 degrees F) during cutting
and welding to avoid bond strength and
toughness deterioration. As shown in
Tabl'e I1l, the new product rmaintains
properties after heating to 482 degrees C
(900 degrees F). During welding the
wel der can concentrate on meking a
strong, sound weld, not on mnimzing
heat to the bimetallic transition joint.

CONCLUSI ON

The joining of t he al um num
pi | ot house and armory decking to the
steel deck using the 1 cm (3/8"3‘ X 2 cm
(3/4") transition joint bar has been
successful. There were no indications of
defects in material or workmanship
indicated by nondestructive testing. The
new transition joint nmterial appears to
be suitable for mmking structural
shi pboard wel ds between al um num and
steel wusing bars of half the width and
hal f the welght of traditional transition
joint materials.
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