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Experimental Methods

Background and Motivation

Welding
Material [3]
TC128 Grade B
• 45° single bevel, 0.25 in root gap
CE/C wt%
0.52/0.26 [3]
• Thermal cycles measured with
thermocouples
Yield Point (ksi) 50 [3]
• Root parameters: 24 V, 220 A, 6 ipm
Thickness (in)
9/16
travel speed, 50 kJ/in heat input
• Fill parameters: 28 V, 265 A, 6 ipm travel Gas
Ar-O2 98-2
speed, 75 kJ/in heat input
Wire
ER70S-3 [4]
• Cap parameters: 24 V, 190 A, 16 ipm
0.045" Diameter
travel speed, 20 kJ/in heat input
Simulation
• Oversized TC128 Charpy Vee Notch (CVN) blanks (11 𝑥 11 𝑥 75 mm) specimens
were prepared and tested in a Gleeble 1500 thermomechanical simulator
• Thermocycles were programmed based on both analytical Rosenthal HAZ
temperature calculations [5] as well as experimental thermocouple data
• Samples were run with Argon shielding and 0.01" diameter type K thermocouples
• Simulated HAZ samples machined to 10 𝑥 10 𝑥 55 mm and CVN toughness testing
was performed at –10 °C

Background
Shipbuilders use a wide range of steels when constructing naval vessels. For the steels
that have toughness requirement, the Navy limits the allowable heat input to whatever
maximum was used during qualification. The minimum heat affected zone (HAZ)
toughness requirements limit maximum allowable heat input [1], and the heat input
limits are unique for materials of different types and thicknesses. This is very inefficient
and leads to an inordinate number of procedure qualification reports (PQRs) from both
manufacturers and suppliers since each must establish their own heat input limits,
which includes not only performing the weld but also conducting toughness tests.
Goal
The goal of this project is to develop a physical simulation test method that can be used
to establish universal heat input limits in S-1 steels [2] using a thermo-mechanical
simulator and validated by comparing simulation toughness data to real weld toughness
data. This methodology will allow heat input limits to be established for any carbon steel
plate based on the simulated toughness.

Results and Discussion
Hardness and Microstructure

Thermal Cycles

The simulated sample with a lower peak
temperature (A-1) was harder than the
higher peak temperature simulated
sample (D-1) as shown in Figure
5. The D-1 sample showed an average
hardness value across the coarse grain
HAZ similar to the peak hardness value
in the HAZ weld sample (W6). The multicycle sample shown as K1 in Figure 7 was run on a thermocycle
based off the cycle of an actual weld
performed. The K-1 microstructure is
very different than the large
grained microstructure of the single
cycle simulations because the
secondary and tertiary cycles allowed
the center of the sample to temper. The
tempering transformed the
microstructure and lowered the hardness
in the center of the sample (See Figures
5 and 6).

The single thermal
cycle is run with the
aim of simulating the
CGHAZ which is
generally considered
to have low
toughness. The real
welds consist of
multiple passes, and
therefore will have
the effects of multiple
thermocycles.
Therefore, a
multipass Gleeble
simulation
thermocycle was run
to gauge the effects
that a more
representative
thermal cycle may
have.

Figure 5: Microhardness Traverse Data
CVN Toughness (ft-lbs)

HAZ Simulation A-1

Figure 2: CVN Sample Undergoing
Thermal Cycle

Figure 3: Predicted 2nd Pass for W-6

Figure 6: Vicker’s Hardness Results
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HAZ Simulation K-1

Next Steps
• Develop multi-pass simulation procedure to produce more accurate mechanical
properties
• Refine thermal cycle prediction method
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HAZ Simulation D-1

Conclusions
• Mechanical and microstructural properties are highly influenced by the number of
thermal cycles
• Simulation must include all relevant passes to produce accurate data
• Rosenthal thermal cycle prediction over-estimates cooling rate in CGHAZ
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Conclusions and Next Steps

HAZ Weld (W-6)

• The toughness of the weld HAZ (W-6) was significantly higher than the toughness of
the simulated HAZ (D-1 and K-1) (Figure 3)
• The toughness of the base metal (BM) was higher than all the HAZs (W-6, D-1, and
K-1) (Figure 3)
• The multi-pass simulation (K-1) showed an improvement over the single-pass
simulation (D-1)
• Multiple passes have a significant effect
on toughness
• Simulations, in order to produce
accurate toughness properties, must
include every thermal cycle from every
relevant pass
• Multiple welding passes temper the
microstructure
• Tempering passes play a large role in
determining mechanical properties
Figure 4: CVN Toughness Results
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Figure 7: Micrographs at 200x magnification
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