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Abstract

The development of the Siam Photon Source IT (SPS-II),
a fourth-generation light source, represents a significant
leap in Thailand’s synchrotron infrastructure. A primary
objective of the project is the establishment of domestic
technical expertise and industrial capability for producing
high-precision vacuum components. This paper details the
manufacturing and geometric validation of two critical alu-
minum alloy prototypes: a straight-section chamber and a
bending chamber.

Key technological advancements include the optimiza-
tion of domestic aluminum extrusion processes to achieve
ultra-high vacuum (UHV) surface requirements and the
implementation of oil-less, ethanol-cooled CNC machin-
ing to eliminate hydrocarbon contamination while main-
taining high precision. A comprehensive metrology frame-
work, utilizing laser trackers and high-resolution profiling,
was employed to characterize manufacturing-induced dis-
tortions. Results confirm that the integrated fabrication
workflow, which combines specialized internal fixturing
and multi-pass TIG welding, successfully maintains the
stringent geometric tolerances required for thestorage ring.
This work validates the technical readinéss of Thailand’s
industrial sector for the full-scale prodfiction of the SPS-IT
vacuum system.

INTRODUCTION

The Siam Photon Source IT(SPS-1I) is'a 3.0:GeV fourth-
generation synchrotron lightisource currently underdevel-
opment atthe Synchrotron Light,Research Institute (SLRI)
in Thailand. Formally ‘apptoved in,January 2025, the ma-
chine'adopts a Double Triple Bend Aechromat (DTBA) lat-
tice with a total circumference of 327.6 m, distributed
across 14, identical uait cells, and is designed to achieve a
natural'emittance0f 0.96 nm-rad [1, 2]. Meeting the high-
brightness performance goals of this lattice imposes excep-
tionally stringent requirements on the vacuum system, as
the ultra-low emittance necessitates high-gradient quadru-
pole and sextupole magnets with small bore radii that re-
duce the available clearance between the chamber exterior
and the magnet poles to the sub-millimeter level at the most
constrained locations [2].

The SPS-II vacuum system design philosophy concen-
trates high-capacity pumping near photon absorbers, which
are the dominant outgassing sources under synchrotron ra-
diation [2, 3]. Three-dimensional Molflow+ simulations
predict an operational average pressure of 1.1 x10* mbar
after 100 Ah of beam conditioning, satisfying the vacuum
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lifetime requirements of the storageaing [2]. The vacuum
chambers are fabricated from aluminumdlloys, A6061-T6
for arc section bending chambers_ and ,A6063-T5 for
straight section extrusion profiles, selected for their favor-
able combination of low outgassinggate, high thermal con-
ductivity, and machinability J2, 3].

DESIGN SPECIFICATIONS AND
ACCEPTANCE CRITERIA

The prototyping program addresses two components: the
middle straight section and the VEB-4 bending chamber.
The geometrictoletance criteria governing these chambers
are derivedrfrom the magnet aperture constraints detailed
in the lattice design. Specifically, a manufacturing toler-
anc¢e of 0.3 mm per meter of functional length is specified
for transverse deformations, while a limit of 1.0 mm per
meter 15 set'for longitudinal*deformation. These criteria,
along with 'vacuum integrity requirements, are summarized
in Table b.

Table 1: Prototype Deformation Acceptance Criteria

Parameter Specification

Transverse deformation < 0.3 mm/m
< 1.0 mm/m

> 0.5 mm

Longitudinal deformation

Magnetinterface clearance

STRAIGHT CHAMBER FABRICATION
AND VALIDATION

The final dummy chamber design, shown in Fig. 1,
adopts a circular main body profile (62.71 mm ID) with
integrated cooling channels. This geometry achieved an as-
extruded internal surface roughness of R, 0.162-0.529 pm
without requiring additional polishing, confirming that the
domestic manufacturer had successfully internalized prior
process improvements. To ensure the absence of surface
contaminants that could compromise the ultimate pressure,
all components underwent a standardized multi-stage
chemical cleaning protocol prior to assembly. This process
included alkaline etching to remove the native oxide layer,
followed by deionized water rinsing, mixed acid pas-
sivation, and a final stage of ultrasonic cleaning. Welding
was subsequently performed using a second-generation op-
timized fixture, developed through the iterative prototyp-
ing program [4], in a five-stage sequence designed to min-
imize accumulated thermal distortion: starting with taper-
to-flange sub-assemblies and concluding with the final



taper-end attachment. A dual-shielding argon gas system
was strictly maintained to protect both the weld pool and
the internal bore surface from atmospheric oxidation, en-
suring that the internal surface finish remained within
UHYV specifications.

Following welding, dimensional inspection was con-
ducted using a precision height gauge and digital calipers.
The resulting vertical and horizontal deformation profiles
are illustrated in Fig. 2 The vertical deformation rate of
0.24 mm/m and horizontal rate of 0.28 mm/m both satisfied
the 0.3 mm/m specification. The mean longitudinal length
measured was 1531.88 mm, well within the £1 mm budget.
All geometric and integrity results for this prototype are
consolidated in Table 2.

Figure 1: Exploded view of the middle straight dummy
chamber assembly showing all major component§.
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Figure 2: Measuredyvertical (top) and horizontal (bottom)
deformation profiles along the dummy chamber longitudi-
nal axis.

Table 2: Geometric Validation Results For The Middle
Straight Dummy Chamber

Deformation Specification Measured
Vertical (mm/m) <0.3 0.24
Horizontal (mm/m) <0.3 0.28
Longitudinal (mm) <1.0 0.88
Flange parallelism (mrad) - 2.45

BENDING CHAMBER FABRICATION
AND VALIDATION

The VCB-4 bending chamber represents the most signif-
icant manufacturing challenge in the arc section due to its
complex three-dimensional curved trajectory. Unlike the
straight-section chambers, the VCB-4 must be fabricated
from solid A6061-T6 aluminum billets using five-axis
CNC machining, as extrusion is not technically feasible for
its intricate internal profile. To eliminate hydrocarbon con-
tamination at the source and avoid extensive post-machin-
ing remediation, all primary CNC @perations were con-
ducted using pure ethanol as the sole cutting,fluid. This
methodology, adapted from practices developed at the Na-
tional Synchrotron Radiation Rescarch Center (NSRRC) inl
Taiwan [5], was performed/in a dedicated temporary clean-
room facility.

A custom ethanol spray cooling system, as‘illustrated in
Fig. 3, was integrated with'the five-axis machineo deliver
the coolant thfough high-pressuréynozzles equipped with
inline filtration to prevent oil ingress. The measured dew
point indtheyethanoel stream was recordedat —120°C, which
significantly exceeds the~80°C requirement and confirms
a machining environment fiee of both hydrocarbon and
moisture contamination. Post-machining inspection con-
firmed “an ‘internal beam “duct surface roughness of
Ra 0.08 nm, satisfying UHV cleanliness requirements and
providing optimal'conditions for subsequent TIG welding.

Figure 3: Ethanol spray cooling system installed at N.K.R.
Engineering Company for oil-free five-axis CNC machin-
ing of the VCB-4 chamber halves.

Following standardized chemical cleaning, the VCB-4
components were assembled via an eight-stage TIG weld-
ing sequence. A critical process feature employed for this
prototype was the use of pre-heating; heating elements
were installed on the external surfaces to raise the structure
to 80°C before seam welding commenced. This pre-heat
phase is essential to reduce thermal gradients, slow the
post-weld cooling rate, and suppress the accumulation of
residual stresses, which is of particular importance for the
large-aspect-ratio curved geometry of the VCB-4. Longi-
tudinal seam welding was performed in segments with
pauses for temperature equilibration. The final helium leak



rate was measured at 6.5 x 10"!! mbar-L/s confirming the
success of the welding operations.

Geometric characterization of the completed chamber
was conducted using two complementary measurement
systems: a Leica Absolute Tracker laser interferometer for
3D global coordinates at eight precision fiducial holes and
a precision height gauge for a 28-point high-density verti-
cal survey. Quantitative analysis utilized Singular Value
Decomposition (SVD) for optimal reference plane fitting,
where the resulting Root Mean Square Error (RMSE)
served as a flatness metric. Furthermore, the Kabsch algo-
rithm was applied for optimal rigid-body alignment be-
tween the measured and design coordinate sets. Residual
displacement vectors calculated after this alignment repre-
sent genuine manufacturing deviations and serve as the pri-
mary compliance metric.

The laser tracker results, after Kabsch alignment, show
that the vertical component dominates the deformation
field, with the Outside Dipole section exhibiting systematic
upward residuals. This behavior is visualized in the 2D
deformation heatmap shown in Fig. 4. The high-density
height gauge survey corroborated these findings and addi-
tionally resolved a torsional deformation mode, a trans-
verse gradient of 0.240 mm, arising from asymmetric ther-
mal stress relaxation during welding. This complex defor-
mation is visualized in Fig. 5.
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Figure 4;/Vertical deformation heatmap from laser tracker.
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Figure 5: Vertical deformation heatmap from Height gauge
measurement.

Despite these systematic modes, all measurements con-
firmed compliance with the £0.255 mm bilateral tolerance
envelope across all axes. Clearance verification at 23 mag-
netic interface positions yielded vertical deformations

ranging from —0.101 mm to +0.092 mm. Against the mini-
mum design radial clearance of 0.5 mm, the maximum ob-
served deformation retains a safety factor exceeding 4:1,
ensuring that the structural behavior does not compromise
installation or operational safety. These results validate the
oil-free machining and pre-heated welding workflow as a
production-ready methodology for UHV bending cham-
bers.

DISCUSSION

The experimental data reveals that'deformation mecha-
nisms differ fundamentally between the twoschamber ar-
chitectures. In the straight-sectiomehambers, the,observed
deviations arise primarily from accumulated dimensional
variations at the machined mating surfaces;)suggesting that
tighter CNC tolerancing for interface geometries is. the
most dizéet path to increasing the current 7% horizontal de-
formation margin. Conversely; the VCB-4 bending cham-
ber's deformation is dominated by the release of residual
machining stresses,during the welding thermal cycle, pro-
ducing the, characteristic inter-sectional bowing and tor-
sional twist observed inithe metrology data.

The, "dual-modality metrology approach—combining
global laser tracker registration with high-density height
gauge profiling—was essential for validating the VCB-4.
The'31 pm agreement between these two independent da-
tasets provides high confidence in the compliance assess-
ment. Furthermore,ithe successful implementation of the
oil-free ethanol machining process, which achieved a cool-
ant dew point of —120°C, confirms that Thailand's domes-
tic sector an now produce UHV-ready components with-
out thedydrocarbon contamination risks associated with
traditional oil-cooled machining.

CONCLUSION

The fabrication and validation of these two prototypes
demonstrate that the technical capability for full-scale
SPS-II vacuum production has been successfully estab-
lished within Thailand’s domestic industrial sector. Both
the middle straight dummy chamber and the VCB-4 bend-
ing chamber achieved full compliance with the acceptance
criteria derived from the DTBA lattice magnet aperture
constraints. Specifically, the transverse deformations were
maintained within the 0.3 mm/m limit, and helium leak
rates remained significantly below the threshold. With the
manufacturing workflow now qualified and documented,
production of the straight-section chambers is authorized
to proceed immediately. Bending chamber production will
follow, with a specific focus on optimizing CNC tool paths
to minimize subsurface stress accumulation, thereby tar-
geting even greater geometric margins in the final produc-
tion run. These results provide the technical foundation re-
quired for the successful assembly and operation of the
SPS-II storage ring.
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