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Prediction of Penetration Depths with CW Fiber Lasers of 0.1-10 kW Using Hablanian Plot
HEYA Manabu, FUNAYAMA Hiroto, TSUBOI Akihiko and TAGAWA Masao

(Received June 28, 2019)

In order to prove the validity of prediction of penetration depths using Hablanian plot, experimentally-obtained penetration
depths with CW fiber lasers of 0.01 ~10 kW were compared with those predicted by Hablanian plot. The experimental results
with ~900 data points for stainless steel plates were obtained from bead-on-plate welding tests performed in the laser job
shop. Laser power, welding speed and spot diameter were varied as laser conditions. The experimental results expressed
by Hablanian plot with two dimensionless parameters (Log,, (Vd/K) and Log,, (P/(6tk))) were fitted by the 3th-degree
polynomial fitting curve (standard fitting curve). The fitting difference (ALog,, (P/0tk)) between the standard fitting curve
and the corresponding experimental result was larger at deeper penetration depths, and resulted in the error of prediction. This
fitting difference at a given Log,, (Vd/K) was calculated and obtained as a function of laser power. The error of prediction
after correction for fitting difference was lower than that before correction. Thus, we showed that correction for fitting
difference was essential for accurate prediction of penetration depth using Hablanian plot.

Key words : stainless steel, dimensionless parameter, standard fitting curve, fitting difference, correction
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Table 1 Welding conditions examined in this study.

Type of laser Output Welding speed  Focal length of Spot size (um)
power (W) (m/min) lens used (mm)
Fiber laser
(CW mode)

YLR-10000 | 6000-10000 0.5-30 250/400/500 400/640/800
YLR-5000-S 250-5000 0.5-30 125/250/350/500  200/400/600/800
YLR-2000-S 100-2000 0.5-20 125/250/350/500 100/200/300/400

YLR-300-SM 10-300 0.5-20 100/200/300 9/18/27
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Fig. 1 Hablanian plot results for all welding data. A solid curved
line and a dotted line show the standard fitting curve and
the Hablanian plot results for laser welding with no losses,
respectively. Symbols +, @, and X show Hablanian plot
results using YLR-10000 (6~10 kW), YLR-5000-S and
YLR-2000-S (0.25~5 kW), and YLR-300-SM (0.01~0.3
kW), respectively.
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Fig. 2 Comparison between experimental penetration depth (texp)
and predicted one (7). Symbols + and X show the results
predicted by the standard fitting curve and by the standard
fitting curve with the correction of ALog,, (P/ (0tk)),

respectively.
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Fig.3 Prediction errors for calculation using standard fitting
curve with no correction (+) and with correction (X ) as a
function of laser power.
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Fig. 4 Correction method for prediction of penetration depth using
standard fitting curve expressed by Hablanian plot.
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Fig. 5 ALog,, (P/ (0tk)) as a function of laser power at different
values of Log,, (Vd/0).
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Fig.7 Comparison between experimental penetration depth ()
and predicted one (7., in laser welding using disk laser
(HLD4002, Trumpf). Symbols + and X show the results
predicted by the standard fitting curve and by the standard
fitting curve with the correction of ALog,, (P/ (0tk)),
respectively.
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