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Currently at NIST there is a significant effort
aimed at establishing accurate metrology for the
additive manufacturing processes. The purpose of
our efforts include generation of reference data
sets which could be used to validate multi-physics
models. The measurands for comparison with
multi-physics models include reflected process
laser power, sample reflectance (emittance), and
radiance temperature. Reflected power and
sample reflectance are measured simultaneously
with an integrating hemisphere that includes
necessary gas flow provisions. Radiance
temperature is measured with classical
thermography.

INTRODUCTION

The Additive Manufacturing Metrology Testbed
(AMMT) was commissioned in 2017 with a specific
goal of supporting laser-based process of layerwise
selective melting of the metallic powders [1]–[3].

This process is characterized by the heating laser
typically operating at 1070 nm at power levels from
80 to several hundred watts, with spot sizes in the 65
to 120 micron range (D4σ, representing diameter
within which about 95% of the Gaussian laser power
profile is contained) and moving at a speed about
1 m/s. The process is defined by a combination of
high-power density (on the order of 1 MW/cm2) and
laser dwell time of about 100 µs, resulting in very
high spatial and temporal temperature gradients and
complex thermo-fluid processes [4]–[6].

The experiments reported here were performed
in the National Institute of Standards and Technology
(NIST) Additive Manufacturing Metrology Testbed
(AMMT). The AMMT is a custom LPBF research
platform that was designed to be highly configurable
for measurement of all aspects of the LPBF process.
The AMMT includes a removable carriage that
contains the build-well and a large metrology-well,
both of which may be moved laterally within the large
build chamber. The laser is an Yb-doped fiber laser
with emission wavelength of 1070 nm. Laser power

delivery can be adjusted from 20 W to more than 400
W, with a 4-sigma diameter (D4σ, representing
diameter within which about 95% of the Gaussian
laser power profile is contained) spot size that is
adjustable from 45 µm to more than 200 µm. The
laser spot can be scanned with full control of the laser
scan path/strategy at 100 kHz and laser power control
at 50 kHz, with scan velocity from 0 mm/s to more
than 4000 mm/s.

Due to fast growth of these technologies,
significant efforts are underway nationwide to
perform multi-physics simulation of the process, with
an ultimate goal of achieving better understanding
and improving production quality and speed [7], [8].
To simplify the task, it is common to start with a
single track on a bare metal plate, then proceed with
a multiline pad, and then add powder and proceed
with a multi-layer builds, as each of these steps bring
significant additional complexities.

METROLOGICAL GOALS

The purpose of our efforts include generation of
reference data sets, which could be used to validate
multi-physics models, which typically have to use
multiple assumptions in order to keep the computing
requirements within reasonable limits (as even the
exascale computers struggle to cope with the first
principle models) [9].

Signatures of interest of this process include
time-resolved reflected laser power (frequently
referred to as ‘laser coupling’), as well as spatially
resolved temperature distribution in the process zone.
Earlier reported independent efforts resulted in a
well-documented laser power reflectometry [10], as
well as radiance temperature [11] and reflectance [1]
measurement capabilities. This research effort is
aimed at prototyping an apparatus for simultaneous,
dynamic (time-resolved) measurement of all three
process signatures, namely (1) reflected process laser
power (@1070 nm, not spatially resolved,
directional-hemispherical geometry), (2) sample
reflectance (@808 nm, spatially resolved,



hemispherical-directional geometry), and (3) sample
radiance temperature (@850 nm, spatially resolved).

The schematic of the apparatus is shown in
Fig. 1. The intention of measurements of emissivity
and radiance temperature is of course to be able to
generate true temperature distribution across the area
of interest, but discussion of uncertainty of the true
temperature is beyond the scope of this paper.

As shown in Fig. 1, the integrated reflected laser
power is detected by radiometers with sintered
polytetrafluoroethylene (PTFE) diffusers and a
1070 nm bandpass filters. The radiometers are
calibrated by directing the (defocused) heating laser
onto a reflectance standard in place of the sample.
This is the directional-hemispherical reflectometer
operation.

Fig. 1: Schematic of the experimental apparatus

For measurement of emittance, the reflectometer
is operated in the hemispherical-directional mode.
The probing light is provided by pulsed laser diodes
at 808 nm. The narrow waveband of probing light is
reflected from the sample and focused into the optics
coaxially aligned with the heating laser. The first
coaxial beam splitter provides an image of the narrow
waveband of the reflected probing light of the laser-
metal interaction scene that is then converted to
emittance of the scene. A second coaxial beam splitter
detects self-emitted light in a narrow waveband about
850 nm, which is then converted to NIST-traceable
radiance temperature.
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