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o Resecarch on 2D-3D Collaborative Layout for Particle Accelerators
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2D and 3D layout drawings serve as core tools for the design and construction of accelerator facilities throughout their full lifecycle. With the advancement of particle and
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nuclear physics research, future accelerators are developing toward large-scale and ultra-precise configurations, with circumferences extending to tens or even hundreds of
kilometers. Such a leap in scale leads to exponential growth 1n the number of equipment, which can be tens to hundreds of times that of existing accelerators, posing great
challenges to preliminary layout design. For equipment layouts spanning several kilometers, manual point-by-point planning requires massive manpower for repetitive drawing
and presents obvious drawbacks during model 1teration. Against this backdrop, this paper proposes a 2D—-3D collaborative layout mechanism, offering an innovative approach for
efficient layout design and intelligent upgrading of accelerator facilities. The design and progress of this work are described herein.

At the early design stage of accelerator facilities,

a phased iterative design workflow is adopted.

Nevertheless, the current design approach presents
the following critical bottlenecks:

Characterized by high manual dependence, the
workflow produces both layouts manually with no
built-in linkage. Any modification to the physical
scheme (survey data) necessitates remodelling and
redrawing of both layouts, lacking automatic update
capability and incurring considerable redundant work
and resource consumption. Furthermore, manual
drafting may introduce hard-to-detect data
acquisition errors, which impose substantial risks on
layout quality and equipment installation.
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The establishment of a 2D-3D collaborative layout update mechanism breaks the bottlenecks of conventional design and eliminates the isolation

between 2D and 3D layouts. It enables:

* Automatic synchronization of one layout upon modification of the other.

* Substantial reduction of manual repetitive drafting and remarkable improvement 1n facility layout design efficiency.

* Elimination of information discrepancy caused by delayed updates, mitigation of design conflicts and error accumulation arising from version lag,
prevention of schedule delays and rising rework costs, providing technical support for efficient iteration of complex scientific facilities.
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Y Point Name
—1957. 10081802629 1200.000000 D3.5011
-1956. 80081939918 1200.000000 D3. 5012
-1956. 50082077208 1200.000000 D3. 5013
-1956. 20082214497 1200.000000 D3. 5014
-1955. 90082351786 1200.000000 D3.5015
-1955. 60082489076 1200.000000 D3. 5016
—1955. 30082626365 1200.000000 D3. 5017
-1955. 00082763655 1200.000000 D3. 5018
-1954. 70082900944 1200.000000 D3. 5019
—1954. 40083038233 1200.000000 D3. 5020
—1954. 10083175523 1200.000000 D3. 5021
-1953. 80083312812 1200.000000 D3. 5022
-1953. 50083450101 1200.000000 D3. 5023
-1953. 20083587391 1200.000000 D5. 16
-1951. 22853089983 1200.000000 QDS2. 16
-1950. 22853547614 1200.000000 D6. 31
-1935. 16237442390 1200.000000 SD1. 16
—1934. 76237625442 1200.000000 D3. 5024
-1934. 46237762732 1200.000000 D6. 32
-1919. 39621657508 1200.000000 B00. 10266
-1914. 59623555249 1200.000000 B0O. 10267
-1909. 79624914997 1200.000000 B00. 10268
-1904. 99625826427 1200.000000 B00. 10269
-1900. 19626379215 1200.000000 B0O. 10270
—1895. 39626663036 1200.000000 B0O0. 10271
—1890. 59626767567 1200.000000 B00. 10272
—1885. 79626782483 1200.000000 D7.16
-1884. 08198782483 1200.000000 QDS3. 16
—1883. 08198782483 1200.000000 D8. 16
—1874. 80879882483 1200.000000 QFS1.32
~1873. 80879882484 1200.000000 bg. 2
—1873. 80879882484 1200.000000 $$3

F
Leader Line Endpoint X | Leader Line Endpoi
-14158.3757 -1947.1008
-14158.3757 -1946.8008
-14158.3757 -1946.5008
-14158.3757 -1946.2008
-14158.3757 -1945.9008
-14158.3757 -1945.6008
-14158.3757 -1945.3008
-14158.3757 -1945.0008
-14158.3757 -1944.7008
-14158.3757 -1944.4008
-14158.3757 -1944.1008
-14158.3757 -1943.8008
-14158.3757 -1943.5008
-14158.3757 -1943.2008
-14158.3757 -1941.2285
-14158.3757 -1940.2285
-14158.3757 -1925.1624
-14158.3757 -1924.7624
-14158.3757 -1924.4624
-14158.3757 -1909.3962
-14158.3757 -1904.5962
-14158.3757 -1899.7962
-14158.3757 -1894.9963
-14158.3757 -1890.1963
-14158.3757 -1885.3963
-14158.3757 -1880.5963
-14158.3757 -1875.7963
-14158.3757 -1874.0820
-14158.3757 -1873.0820
-14158.3757 -1864.8088
-14158.3757 -1863.8088
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nt Y | Leader Line Endpoint Z
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36866.0
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36872.0
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36874.0
36875.0
36876.0
36877.0
36878.0
36879.0
36880.0
36881.0
36882.0
36883.0
36884.0
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H
Bulk Insertion of Points

-14168.3756505079,-1957.1008180262 POINT
-14168.3756505079,-1956.8008193991 POINT
-14168.3756505079,-1956.5008207720 POINT
-14168.3756505079,-1956.2008221449 POINT
-14168.3756505079,-1955.9008235178 POINT
-14168.3756505079,-1955.6008248907 POINT
-14168.3756505079,-1955.3008262636 POINT
-14168.3756505079,-1955.0008276365 POINT
-14168.3756505079,-1954.7008290094 POINT
-14168.3756505079,-1954.4008303823 POINT
-14168.3756505079,-1954.1008317552 POINT
-14168.3756505079,-1953.8008331281 POINT
-14168.3756505079,-1953.5008345010 POINT
-14168.3756505079,-1953.2008358739 POINT
-14168.3756505079,-1951.2285308998 POINT
-14168.3756505079,-1950.2285354761 POINT
-14168.3756505079,-1935.1623744239 POINT
-14168.3756505079,-1934.7623762544 POINT
-14168.3756505079,-1934.4623776273 POINT
-14168.3756505079,-1919.3962165750 POINT
-14168.3756505079,-1914.5962355524 POINT
-14168.3756505079,-1909.7962491499 POINT
-14168.3756505079,-1904.9962582642 POINT
-14168.3756505079,-1900.1962637921 POINT
-14168.3756505079,-1895.3962666303 POINT
-14168.3756505079,-1890.5962676756 POINT
-14168.3756505079,-1885.7962678248 POINT
-14168.3756505079,-1884.0819878248 POINT
-14168.3756505079,-1883.0819878248 POINT
-14168.3756505079,-1874.8087988248 POINT
-14168.3756505079,-1873.8087988248 POINT
-14168.3756505079,-1873.8087988248 POINT
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1. Develop an intelligent layout algorithm for equipment models. Based on survey data provided by the physical system, the algorithm can
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Assets can be retrieved in AutoCAD.
Align the insertion point of each asset with
the corresponding inlet/outlet point of the
equipment to generate the 2D layout
drawing, while the associated 3D layout
drawing 1s created automatically. If the
model 1s modified later and the positions
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Taking the equipment layout of the CEPC Booster as an example,
we first process the survey data and import 1t into AutoCAD via a
plugin to generate a 2D point diagram containing the inlet and outlet
points of each equipment.

d corresponding point labels are automatically added

to each point, so that points belonging to individual equipment can be

among thousands of points.

Autodesk Factory Design Utilities (FDU) 1s a plugin connecting Inventor and

AutoCAD. It comes with bui
resource libraries for factory

t-1n system resources and also supports user-defined
ayout creation. The FDU plugin 1s invoked 1n

Inventor to process 3D mode

s: define datum planes and insertion points, set

connection points so that assets can be snapped and aligned with each other, and
specify asset properties, parameters and other information. Once processing 1s
completed, the assets can be published to the user resource library, and then
viewed and retrieved from the user asset libraries in both AutoCAD and Inventor.

Advantages:
1. Eliminates dedicated 3D layout work and reduces workload.
2.0ne-click asset replacement 1s available after model
modification or update.

3.Assets placed in AutoCAD consume fewer system resources
and deliver fast performance.

o

of insertion points remain unchanged, one-

click asset replacement can be used to
fully replace the corresponding assets in

both 2D and 3D layouts.

Kyitmnwee vl

Disadvantages:
1.Restricted by AutoCAD software capabilities; only 2D layout

1s supported at present.

automatically place various equipment models 1n the 2D layout drawing and generate the 2D layout.

2. The program can automatically 1dentify the boundary conditions for equipment 1nstallation and achieve precise positioning of equipment at

designated positions according to given constraints.
3. Promote the transformation of layout design from "manual experience-driven" to "data-intelligence-driven".

4. For devices such as vacuum chambers where only the length needs adjustment while other parameters remain unchanged, Inventor 1Logic 1s
used to embed design rules into models. When design data and parameters are modified, the model updates automatically following predefined

rules. This enables design automation and rapid assembly to reduce repetitive tasks.
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