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SOFTWARE

Thomas Keating Ltd software and its accompanying documentation are sold on an 'as is' basis and ni
warranty is given or implied as to its fithess or suitability for any particular purpose. However
Thomas Keating Ltd will endeavour to rectify any errors found.

Comments on this manual and the accompanying software are welcome and can be sent to:

Stuart Froud - s.froud@terahertz.co.uk
Richard Wylde - r.wylde @terahertz.co.uk

Thomas Keating Ltd ©2014
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1 THE GBM MANUAL

The Gaussian Beam Mode software uses the flexibility and assembly functionality restting
Pro/Engineer (Creo Paramatric 2.0

11 THE BASE CAD SOFTWARE

By creating an assembly it is possible, by using our routines, to make changes to just one model, the
wavelength for example, and the effect of that change is propagated throughout the rest of the
assembly.

It is assumed that the user has a strong practical knowledge of Creo Paranteffitii6 necessary
to get the most out of this manual and accompanying 3D models and assemblies.

1.2 QUASI-OPTICS AND GAUSSIAN BEAM-MODES

In addition, to use this software to design and validate Quasi-Optical systems requires a broad
understanding of the corpus of knowledge that lies behind Gaussian Beam-mode analysis.

A good starting point is:

Paul F. Goldsmith "Quasi-optics" Institute of Electrical & Electronics Engineering (January 1994)
ISBN 978-0780304116

the user should be familiar with antennas which form Gaussian Beams - in particular:

"Millimetre Wave Gaussian beam-mode Optics and Corrugated Feed Horns" Wylde, R.J., Proc. IEE
Vol 131, p.258 Pt.H 1984

and the recently developed Ultra-Gaussian Feedhorns

"Reducing Standing Waves in Quasi-Optical Systems by Optimal Feedhorn Design”
Paul A.S. Cruickshank, David R. Bolton, Duncan A. Robertson, Richard J. Wylde,
Graham M. Smith, Joint 32 Int. Conf. Infrared and Millimeter Waves, and 15th Int.
Conf on Terahertz Electronics, Cardiff, Sept 2007 Vol 2 p 941-942

which can generate 99.88% pure Gaussian beams.

Essentially the software codes for standard fundamental mode Gaussian beams. You can see the
presence of the beamwaist expansion formula (For example 2.21b in Goldsmith above) in the code
attached to the model element in the image below

! Higher editions of Pro/E (Creo Parametrics 3.0 coming soon) aretedp@cwork with these assemblies, but this
cannot be guaranteed. Backwards compatibility is unlikely.
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2] beam-rel.txt - Notepad

File Edit Format™ View Help

R1=((CUR)/2.0)+(SD29A2. 0/ (2. 0%(CUR)))

W15Q=5D29A2
sd14=z2

‘J za=72*(1-(2/10))
|| sd36=z
| ZO=—R19(1. 0+ (ABS(WAVE*RL/(Pi*W15Q)))A2.0)
5d32=zp
sd23=zc
sdi7=za
5d20=zb
5d68=zr
sd67=Zs
sd74=zt
5d71=zZu

SD45 = CUR - (CUR/ABS(CUR)*( abs(R1)- SQRT(R1A2 - (SD29/2)A2)))

W0SQ=W15Q/ (1. 0+ (ABS (PI*W15Q/ (WAVE*R1)))A2.0)
| Wbsq=w0SQ* (1. 0+ (ABS (WAVE* (20-Zb) /(P1*W05Q))) 2. 0)
| Wpsq=W0SQ* (1. 0+(ABS(WAVE*(Z0-Zp)/(Pi*W05Q)))A2.0)
| wasq=w0SQ* (1. 0+ (ABS (WAVE* (Z0-Za) /(Pi*W05Q)))A2.0)
| wqsq=w0sQ* (1. 0+ (ABS (WAVE* (z0-2q) /(P1*W05Q) ))A2.0)
|| Wrsq=w0sQ* (1. 0+ (ABS (WAVE* (Z0-Zr) /(Pi*W05Q)))A2.0)
]‘ Ws5q=W0SQ* (1. 0+ (ABS (WAVE* (Z0-Z5s) /(P1*W05Q)))A2.0)

Wtsq=w05Q* (1. 0+ (ABS (WAVE* (Z0-Zt)/(P1*W05Q)))A2.0)

Wusq=w05Q* (1. 0+ (ABS (WAVE* (Z0-Zu) / (P1*W05Q) ) ) A2. 0)

|R2=(Z2-20) * (1. 0+ (ABS (PI*W0SQ/ (WAVE* (Z2-20))))A2.0)
| Wesq=w0SQ* (1. 0+ (ABS (WAVE* (Z0-Zc) /(P1*W05Q)))A2.0)
w0=sqrt(wosq)

| w25Q=w05Q* (1. 0+ (ABS (WAVE* (Z0-22) /(Pi*W0SQ)))A2.0)

[w2=sqrt sz ng
= | Wwa=sqgrt(was
WAVE LENGTH = 1.310 / : | cgkzgnzz (RZ??BS (R2))*SQRT((ABS (R2)A2. 0)-W25Q)
A ST ps 2 y | we=: T (W

BEAM LENGTH = 60— Wb —<art (wbs)
IDTH AT INPUT =4.08 [Yamsdrraiaed)
AIN =19.587 dB [t

W0 = 1.405 Al
Edge Factor (W) = 2.000 W 3 -

Fig 1 - 1 A Gaussian Beam Mode assembly and the code which lies behind it
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1.3 MIRRORS AND MIRROR DISTORTION

Parameters for the manufacture of conic section mirrors can be taken from the displayed curvatures
(Re, Ri) and bend angles. Here part of a multiplexer circuit for a satellite radiometer is displayed

BEAM WIDTH AT INPUT =00.0008
GAMN =24 381 06
WO = 23.241
Edge Foclor (W) = |L700 W

f= 200.000—

W = 45,999
Ri = -3I.355
Re - 558.213

¥P-LOSS = 30,225
HM-LOES = 33.235

WAVE LENGTH = 2,500 f-'

BEAM LENGTH = 2TB.00—

BEAM wiDTH AT INFUT =33.3524 .
GAIN =2F.492 o8 | 5
W0 - 33,333 f=  280.0004T—"
Ecge Foctor (W) - 700 W W= 47.837
R = -55B.740 1

Re = 452,435 |
XP-LOSS = 30,408
LSS - 3%.azh

|
WAVE LENGTH = 12,500
BEAM LENGTH = 280.00— I f-o MO.O
BEAM WIDTH AT INPUT =29.5830 : W= ar.4m
GAIN =26.455 o L. mimmisness e
Wi = F9.57T Re = 203,03
Edgs Foctor (W) = 1700 W L 0SS 5276

HM-LO55 = 30.662

Fig 1 - 2A 2D plot of beams. The outer contour is set to 1.7 times the beamwidth.
Note the display of Ri and Re curvatures associated with mirrors.
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Users should understand the nature of beam distortion caused by off-axis mirrors by reviewing

"Distortion of a simple Gaussian beam on reflection from off-axis Ellipsoidal Mirrors"
Murphy J.A., Int. J. Infrared and Millimetre Waves, 8 (9), pp 1165-1188, 1987

Distortion - both into Cross polar (XP-LOSS) and into higher-order modes (HM-LOSS) can be
displayed by the software (see section 10 to learn how to switch this feature on), based upon
formulae takerfrom Prof. Murphy’s paper. This can be very valuable in determine the quality of the
expected circuit: If loss at the -34dB are observed, other errors may well dominate. If, in
contradistinction, loss at the -16dB level are seen, then the circuit is likely to be a poor one.

1.4 DESIGNING AND ERROR ANALYSIS

Our GBM routine are essentially a design rather than a validation tool: When a Quasi-Optical circuit
is properly constructed, the Creo CAD circuit can be very quickly modified to look at the effect of
changing optical parameters within the circuit - e.g. focal length, beam angles and distances.

As an example, here is an image of a multi-beam antenna feed for Plasma Fusion diagnostics at JET
in the UK. The first circuit show beams passing from an HE11 guide towards the plasma.
Unfortunately the top mirror is too small from the expanding beam, as can be seen clearly.

Fig 1 - 3: the green beam is too large for the mirror
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Adding curvature to the two lower mirrors allows a beamwaist to be formed in the beam path and the
top mirror now covers the beam to (in this case, thd igower.

Fig 1 - 4... but adding curvature on the lower mirrors fixes the problem
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15 USING PRO/ENGINEER

As with most CAD software, alternative methods can achieve the same results. This is certainly true
in the case of using Pro/Engineer.

This manual describes one method of setting out 3D Gaussiars badnfocussing mirrors from an
empty assembly. By adding flexibility to parameters in such a way that links these models together,
beam propagation can be displayed.

Also the renaming of beam models (see note below) will be necessary to create multiple, simila
layouts that can function independently from other assemblies.

In the future you may want to create your own mapkey routines and use the 'repeat’ fulyctoonali
enhance your assembly techniques.

Throughout this manual, unless otherwise stated, all selections are carried out with the left hand
mouse button (LMB).

NOTE: When creating more than one assembly we recommend you first 'save a copy' of your
assembly and rename both the assembly and the 'beam’ model to a new name e.g.
'TK-GBM-BEAM-ASSY-A_xxx.pt change toTK-GBM-BEAM-ASSY-A_yyy.prt',
'TK-GBM-BEAM-A_xxx.prt' change toTK-GBM-BEAM-A_yyy.prt'
and

‘TK-GBM-BEAM-Z0_xxx.prt' change tdTK-GBM-BEAM-Z0_yyy.prt'

Then start to re-edit your newly renamed assembly which will contain the renamed ‘beam’ parts.
By doing this you can avoid certain pit falls associated with Creo models having the same name.
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1.6 3D GBM EXAMPLES

The following shows a few examples of the 3D Gaussian Beam Mode (GBM) beams that Imave bee
used at Thomas Keating, and assembly Fig 1-7 to 1-9 is provided as an assembly to form as part o
this package.

Figure 1-4 A simple beam path with two focussing mirrors

Here the beamwaist WO and beamwidth W are displayed. The focal length, f, is taken from the thin
lens formula (1/f = 1/Rin + 1/Rout). Gain is taken for a fundamental Gaussian and is the far-field
peak power on boresite divided by the far-field power if the antenna radiated isotropically

Figure 1-5 Path of beams in the Breadboard optics for JAXA's 94 GHz pulsed radar instrument on
EarthCARE - Space Mission
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One of the benefits of the use of these routines is that they allow a full integration of an
electromagnetic and mechanical modehllowing easy detection of mechanical conflicts with the
beams.

Figure 1-6. Beam assembly included with this manual.
Inner green beam - at W radius, and 1.5W radius level in blue passing through a QO bench for material
measurement

It is possible to define different beam radiand Edge Factor - (in units of W, the 1/e amplitude
width parameter), allowing the user to determine the level at which mechanical truncation occurs.
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1.7 INTRODUCTION TO GAUSSIAN BEAM MOD ES

Fundamental Gaussian beam-mode analysis is a powerful tool for analysing the propagation of
paraxial beams of radiation whose wavelength is no more than a few times smaller than the beam
cross section diameter.

In brief, a propagating beam can de described by two parameters:

P Beam width (W)
P Phase front curvature (1/R)

which vary along the axis of propagation. For any propagating beam there ist apdhe beam

axis, called the beam waist, where the beam width is of minimum size, and the curvature of the beam
is infinite (the beam has a parallel phase front). These two parameters can be represented graphicall
by three points in any particular cross section. The centre point lies on the axis of poopagate

the other two lie either side of the axis. The distance of the outer points away from the axiatseprese
the width of the beam to the 1/e amplitude contour. The curvature of the beam is represémed by
longitudinal translation of the outer points with respect to the inner point, so that the phase front of
the beam passes through all three points.

In three dimensions, this form describes a hemispherical cap.

=

/R

Figure 1-1 Three point representation

We choose to define W, the beam size, as given by the 1/e amplitude radius, which corresponds to
8.68dB level power.

It is worth noting that the power level at the edge of the beam, of radius r is also the fraction of power
for a pure Gaussian that lies outside of the radius. i.e.

P L
27| e W rdr P
- _e W
27| e W rdr
0

Figure 1-2 Equation
So that, for example, truncating at the -20dB level will leave 1% of the power outside of the beam.
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1.8 3D BEAM FUNCTIONALITY
This manual will guide you through the assembly of 3D beams and mirrors as in the assemblies
shown below.

Once an assembly has been completed, you will be able to change a parameter asstitiated
beam or mirror - such as the wavelength - and watch the effect propagate throughout your assembly.

WAVE LENGTH = 3.000
BEAM LENGTH = 750.000
BEAM WIDTH AT INPUT =48.3318
GAIN =43.010dB
W0 = 47.746
Edlge Factor (W) = 2.000W

f= 375.000
W= 48332

WAVE LENGTH = 3.000
BEAM LENGTH = 375.000
BEAM WIDTH AT INPUT = 7.5

GAIN =26.933 dB
W0 = 7.500
Edge Factor (W) = 2.000 W

WAVE LENGTH = 3.000
BEAM LENGTH = 375.000
BEAM WIDTH AT INPUT =48.3319
GAIN =26.933 dB
W0 = 7500
Edge Factor (W) = 2.000W

Figure 1-7 Wavelength set to 3mm

WAVE LENGTH = 1.500
BEAM LENGTH = 750.000
BEAM WIDTH AT INPUT =25.0236

GAIN =43.010dB
W0 = 23.873
Edge Factor (W) = 2.000W

375.000
25.024
W= 25024

WAVE LENGTH = 1.500
BEAM LENGTH = 375.000
BEAM WIDTH AT INPUT = 25.0236

GAIN =32.953 dB WAVE LENGTH = 1.500

Wo = 7500 BEAM LENGTH = 375.000
Edge Factor (W) = 2.000 W BEAM WIDTH AT INPUT = 7.5
GAIN =32.953 dB
W0 = 7500

Edge Factor (W) = 2.000 W

Figure 1 8 The effect from changing the wavelength from 3.0 to 1.5mm
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You can see from the image below, by changing just one parameter; in this case the focal length of
the first mirror from 375mm to 12&m (red arrow), the affect this has on the rest of the beam path.

WAVE LENGTH = 1.500
BEAM LENGTH = 750.
BEAM WIDTH AT INPUT = 25.0236
GAIN = 26.062 dB
W0 - 3,392
Edge Factor (V) = 2.000 W

f o 375.000
W = 80.843

—f=  125.000
W~ 25.024

________ _ \;
A h

| rtae | 1

\l/ propagation T

WAVE LENGTH = 1500
T—BEAM LENGTH = 375.000
BEAM WIDTH AT INPUT = 7.5
GAIN = 32.953 dB
WO - 7.500
Edge Factor (W) = 2.000 W

WAVE LENGTH = 1.500
BEAM LENGTH = 375.000—
BEAM WIDTH AT INPUT ~ 80,8433
GAIN = 31.508 dB )
WO - 6.350 )
Edge Factor (W) = 2.000 W !5
O

S

Figure 1-9 What happens when you change one of the focal lengths?
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2 GETTING STARTED

We illustrate the process by constructing the optics of a simple QO material test bench, similar to the
photograph shown below.

Figure 2-1 QO material test bench provided by Thomas Keating Ltd

2.1 CREATING A NEW ASSEMBLY

First of all, in order to display 3D GBM beams, you will need to create a new assembly.
Once the beam assembly is complete, it can then be assembled into an optics assembly.

Hew x
Type Sub-type
() iZE Sketch (@) Design
) 1 Part () Interchange
® [} Assembly O Verity P Select 'File' from top left of screen
@, Manufacturing ) Process Plan b . .
) Drawing () NC Mode! Select 'New
D £ Format Moid Layout P Select 'Assembly' button
) Report ) Ext. Simp.Rep. 3
S —F Diagram P Enter a name in name box ¢.beams-001L
| © & notebook P SelectOK'
s G @ Markup
. P Then 'Save'
1 e beams-001]
Commen Mame |
@’ Use default template
0K Cancel

Figure 2-2 New Assembly dialog box

Once you have clicked 'OK' this will open a blank assembly window, and completes the assembly
creation stage.

To save what you have done at any time - select the disc icon or from the 'File' drop down menu.

USER MANUAL: Gaussian Beam-Mode 3D Engine (running within PTC's Creo Parametric 2.0) Page 15 of 33



B OEEo-c-@g8@- g~
File » Model [Z] Save (Cirl+S) Render M3
O£y Savethe opened model.  fure [ |

0= | %
| Copy GE
Regenerate Assemble
- > o 3 Shrinkwrap v
Operations * GetData *

Figure 2-3 Creo Save icon

3 ASSEMBLE GBM COMPONENTS

Now that you have created an assembly, albeit blank (without beams), you can now start to assembls
components; starting with your first beam

3.1 FIRST BEAM

Select 'Assemble’ icon to add first component to the assembly
Select' TK-GBM-BEAM-A_ xxx.prt' from dialog box

Select 'Open’

Select 'Default’ from 'Automatic’ drop down menu

Select green tick to finish

b . . .

ZHo o EE- O -
Model Analysis Annotate Render Manikin Tools View Applicd

9 User-Defined Feature 1 @ create ﬁ\m 4
e | N

=" Copy Geomet

ate - - ssembie Drag Plane ¥
XD Esnrinkwrap - Componants
erations ¥ Get Data * Component ¥
b &
I Tree ‘:]ﬁ - I?_:'] v
vV o+
[15-001.A5M

Figure 3-1 Assemble Icon

Open x
L] * | » create » (C:) » prousers b INDIA w | %4 | |Search...
LI organize v % Views ~ & Tools ~ N7
Common Folders [C] th-gbm-assy-a.asm
IE| In Session ij tk-gbm-beam-a.pri
@ Desktop (1 th-gbm-beam-z0.prt

[0 tk-gbm-mirror. prt
5 My Documents

@ create

£ Working Directory
Network Neighborhood
[&] Manikin Library

% Favorites

File name: tk-gbm-beam-a.prt Date modified: 21-Apr-11 03:45:01 PK Preview >

File name: | tk-gbm-beam-a.prt Type | Creo Files Lprt, .asm, .| »| Sub-fype

F Folder Tree Open 1= Cancel
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Figure 3-2 Assembly dialog box

Once you have clicked 'Open’ the system will ask for your first b&&GBM-BEAM-A_xxx.pjtto
be positioned.

As this is the first component in your 'BEAMS-001.ASM' you can selectDlegault’ location
option from the 'Automatic' drop down menu, as shown below.

i « =

File = Model Analysis Annotate Render Manikin Tools View Applications Compong

&
// User Defined - 27 Automatic | w ‘ GE}» J—
~
2 Automatic
L] .
Placement | Move :| [Eletance L
([, Angle Offset
En % :”:PEI'EHE|
A It i
Model Tree n-mII Coincident
o /l?./ MNormal
o
) Coplanar

[0J BEAMS-001 ASM - Centered

¥ Tangent
J_'I_Default

Assemble component at default location.

Figure 3-3 Select 'Default' from drop down menu

To complete the placement of your first beam, select the green tick from the top right hand of the
screen.

Component Placement

STATUS Full\'CcnztramEdEJ I v X

Applies and saves any changes you have
made in the feature tool and then closes the
tool dialog box

Figure 3-4 'Green tick' to finish placing the first beam
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3.2 MIRROR ASSEMBLY

Now that you have your first beam in place, and your assembly file is saved, you cad ppooadd
the first focusing mirror onto the end of your first beam:

=
P Select '‘Assemble’ ico ~...  to add focusing mirror to the assembly
P Select'tk-gbm-mirror.prt' from dialog box
P Select 'Open’

From the 'Placement’ tab assemtidegbm-mirror.prt' :

P Coincident: 'Input-Plane' on mirror, then 'End-Beam' datum on beam
P Change orientation

P Coincident: Axis 'A_2', then Axis 'A_5' on mirror

P Check 'Allow Assumptions'

User Defined k4 ICcincident v “u ,i},, STATUS : Fulty Constrained

Change orientation of constraint
Properties

= Set? (User Defined ) +{ Constraint Enabled
% Coincident

24 TK-GBM-MIRROR-NPUT-
Coincident
94 TK-GBM-BEAM-AEND-E N comciient i

Constraint Type

; Coincident Offset
I New Constraint Flip
:. Status

I W Allowe Assumptions

Mew Set
F F Fully Constrained

art Hara

Figure 3-5 'Placement’ dialog box showing mirror constraints -

note check in 'Allow Assumptions' box
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3.3 BEAM ASSEMBLY FROM A MIRROR

With a starting beam and mirror in place, you now need to assemble a beam onto the first mirror:

)
P Select 'Assemble’ icon sseme

P Select' TK-GBM-BEAM- A_xxx.prt' from dialog box
P Select 'Open'

You now should now have a beam ready to be positioned onto the first mirror.
From the 'Placement’ tab assemble the 2nd seam

Coincident: 'BEAM-OUT' (datum) on beam, then '"MIRROR-OUT" (datum) on mirror
Change orientation depending on your layout

Coincident: Axis 'A_2', then Axis 'A_8' on mirror

Check 'Allow Assumptions'

b . .

Figure 3-6 Two 'Beams and Mirror' assembled

Mirror and beam assembly can now be repeated depending on your layout.
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3.4 FINISHED ASSEMBLY

To finish this assembly, one more mirror and beam are needed.
Simply repeat steps 3.2 and 3.3

Figure 3-7 Assembly now ready for flexibility

Now that you have finished placing all of your mirrors and beams into the assembly, the next stage is
to add flexibility into the models to able you to fully configure the layout.

Figure 3-8 Assembly after flexibility applied
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4 CONFIGURATION - ADDING FLEXIBILITY
With your basic layout laid down in an assembly, flexibility functionality is added to the s@ins
mirror models.

By making the part models flexible in an assembly, you're able to have multiple copies of the same
model but with different dimensions and parameters such as beam length and focal length.

It is these flexible dimensions and parameters that are edited to correctly display your beam designs.
Wavelength will be a 'global' parameter and therefore not made flexible (see section 9).

4.1 BEAM PARAMETERS
The Pro/E part filETK-GBM-BEAM-A _xxx.prt contains numerous construction points, parameters
and relations in order to display a 3D GBM beam.
There are three parameters that need to be flexible:

P 'W1' The Beamwidth radius (to 1/e amplitude level)

P 'W1-CUR' The beam phase front curvature is indirectly provided by the distance

of W1 - CUR - as shown in the diagram bélow
P 'Z2'- Length along axis of propagation

W1-CUR

Equal to
wi

-

—_—

— $_ CUR
.._,____\_j% |
|

w1 —
|

Figure 4-1 Beam Waist Input parameters

Z2 |
'‘Beam’ Length

Figure 4-2 Propagating Beam length paramet&r2

2 The curvature of the beam is needed to determine the propagatienbefam. Our approach is to provide this curvature
via the phase cap error distance, CUR, subtracted from W1, the bean@idRrand thereby the radius of curvature,R1,
can be derived from this though R1= CUR/2 + (W1)"2/(2 CUR)
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4.2 MAKING BEAMS FLEXIBLE

P Right Mouse Button (RMB) click onTK-GBM-BEAM- A xxx.PRT' and selectMake
Flexible'

2% ASM_DEF_CSYS
b [ TK-GP™ Peam a oo
» [ TK-GI Activate
» O TK-GI Regenerate
» [ TK-GI

» [ TK-GI
+ Inserl Set Representation to »

Open

Delete

Group
Suppress
Edit Definition
Make Flexible

Pattern... \

Insert Here
Move to New Subassembly
Replace

Backup References

Setup MNote 3
Send To »
Info »
Hide

Wiew Changes

Edit Parameters [

Figure 4-3 'Make Flexible' from model tree

P Select the inner beam surfd@GBM_PROFILE' - This will display all the dimensions used
to create the selected surface.

Model Tree "Iﬁ . J .

(1] BEANMS-001 ASH
ASM_RIGHT

Q+¥Q00

3 PRT_CSYS_DEF

» & GBM_PROFILE lik] = e [ - @
£7 END-BEM

W

TK-GBM-BEAN-ATS(GEM_PROFILE)

Figure 4-4 Adding beam dimension flexibility

P Select dimensioftW1' d8 - Green plus - and enter new dimension in the 'New Value' box
P Select dimensiotW1-CUR' d42- Green plus - and enter new dimension in the 'New Value'
box
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W3, /5)

Figure 4-5 Beam waist at input

P Select 'Parameters' tab - then the green plus icon
P SelectZ2' - Insert Selectedand enter your chosen beam length in the 'New Value' box

Select Parameter x
File Parameters Tools Show
Look In
Part v/ N || CITK-GBM-BEAM-A .v
| Fitter By | Defautt ¥
T Hame Type Value Desig.. Access Source " Unit
Real Num... | 57 060582 @Locks... =i
ZA Real Num... | 45.000000 5!_55!15... Relation
Real Num... | 30.000000 aLccke... Relation
ZC Real Num... | 1Z.000000 @Locks.. Relation
WO RealNum... | 1.579571 @Locke.. Relation
P Real Num... | 54.000000 ﬁLocL‘e... Relation
WP Real Num... @Locks... Relation
WPSQ Real Num... 405 8465, @ Locks... Relation
W2 Real Num... 21 ¢ @Locke.
z2 ad'-Full ... | User-Defi
CcuRz Real Num.. @Locks.. Relation
RZ Real Num.. aLccke... Relation
Real Num... | 481.9802. aLocke... Relation
70 Real ! & ncke ¥,
Main g
& Insert Selected ¥ cCiose

Figure 4-6 Parameter Dialog box
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5 FOCUSING MIRROR

When dealing with the mirror model there are two main parameters we need to edit.
¥ Dimension 'd9' which is 90 degrees less the angle of incidence (the half bend angle)

S
Rl
i
P B

¥,

S )
3 f

Figure 5-1 Editing the bend angle

» Parameter"f Focal length

For flat mirrors you should enter a very long focal lengiay 100,000mm
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6 MAKING MIRRORS FLEXI BLE

As we have shown with the beams, the mirrors need to have flexibility added to them:

P RMB click on'TK-GBM-MIRROR.PRT' and selectMake Flexible'

P SelectSKETCH-INPUT' Plane - pick dimensiodANG' and enter 90 degrees less the angle
of incidence (the half bend angle)

P Select dimensiotd40' from the'INPUT' revolve geometry
Select dimensior42' from the'INPUT' revolve geometry
For d40' change method from 'By value' to 'Distance’

To match the input beam with an output beam we need the following:
P Measure distance between datum pdW&C' and W2E' (on beam)

P For'd42' change method frorBy value' to 'Distance’
» Measure distance between datum poMt&C' and'W2RAD"' (on beam)

Q& |2 FEJ,
Distance X
— Analysis
o i
J § From TK-GBM-BEAM-AWZC:FT{DATUR POINT
Parameters Surf,Finish
Skl e Features Geom.Tols To TK-GBM-BEAN-AWZRAD:FO(DATUM PC
Dimen.. Orig Va.. Method New Va...
75.00000 By value 4500000
 d40 5894400 Distance 25.02362 G4
% d42 5000000 - [ Update i
Distance = 24.2630
+ || =| Fiter | Al ~| | [
c’.
oK Cancel i v X
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P Select 'Parameters' tab - then the green plus icon
P SelectF' - Insert Selected - and enter your chosen focal length in the 'New Value' box

[RE % R

TK-GBM-MIRROR : Varied Hems x
™ 14

Dimensions Features Geom.Tols

Parameters Surf.Finish

Param... 0OrigVa... HNew Va..

F &0.00000  375.0000

+ | = Fiter

i
MMM KN N N R NN B N e
HEF R PR

Figure 6-2 ParametefF’-focal length
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7 OUTPUT MATCHED BEAM

The second of the assembled beams needs to have its input matched to that of the output bear
coming off of the focusing mirror.

Adding flexibility again we can measure this:

P RMB click on 2ndTK-GBM-BEAM- A xxx.PRT' and selectMake Flexible'

Distance X |
= f “RE
Analysis Iﬂ LR E .3_ i 3
= e
lj .ﬁ- From TK-GBM-MIRROR:MIRROR_CE
Parameters Suri.Finish
Dimensions Features Geom.Tols To TK-GBM-MIRROR:W_RAD:F16|
Dimen.. OrigVa.. Method Mew Va...
+-d8 4.020000  Distance 25.02362
% d42 3500000 |IEENME vt
yf Update
Distance = 28.2351
+ || = Fiter | Al + | [ ?
*, 5
0K Cancel ¢ ¥ X i

8.2291 DISTANCE

Figure 7-1 Matching output beam

P Select dimensioW1' d8 - Green plus - and change method to distance

P Measure distance between datum points 'MIRROR_CENTRE' and 'W_EDGE'
P Select dimensiotW 1-CUR' d42- Green plus - and change method to distance
P Measure distance between datum points 'MIRROR_CENTRE' and 'W_RAD'

And as before:

P Select 'Parameters' tab - then the green plus icon
P SelectZ2' - Insert Selected - and enter your chosen beam length in the 'New Value' box

USER MANUAL: Gaussian Beam-Mode 3D Engine (running within PTC's Creo Parametric 2.0) Page 27 of 33



8 FINAL BEAM ( TK-GBM-BEAM-A_ XXX)

P RMB click on'TK-gbm-beam-A_xxx.PRT' and selectMake Flexible'

P Select the beam surface

P Select dimensioftW1' d8 - Green plus

P Select dimension '@ Green plus

P Measure distance between datum poWis EDGE' and MIRROR_CENTRE' (on mirror)

» Measure distance between datum poWits RAD' and MIRROR_CENTRE' (on mirron

P Select 'Parameters' tab - then the green plus icon

P SelectZ2' - Insert Selected - and enter your chosen beam length in the 'New Value' box
— Q& & =@ 0|

=) X

Dimen... Orig\Va.. Method New Va...
48 4030000 Distance 25 02362

d4z 3.500000  Distance 2578423

25.0236 DISTANCE

Distance x
- All
+ P 1) ¥ nm Analysis
OK Cancel : From TK-GBM-MIRROR:W_EDGE:F14(DATUM POINT)
To TK-GBM-MRROR:MIRROR_CENTRE:FS(DATUM POINT) |

Figure 8-1 Distance parameter
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9 WAVELENGTH PARAMETER

Once you are happy with your layout the wavelength can be applied by adjusting tiparparéter
from the assembly parameter dialog box.

P Select 'tools' then parameters:

kin | Tools ;| View Applications

IQQ ‘T\L1 [] Parameters &3 ur

Log Tt B Switch symboks 5 Ar
Component P 3 Family 3
4ssembly  Interface Geometry Table (= Relations A
Mode! Intent =

[ ] Parameters

Define parameters
Figure 9-1 Parameters under Tools tab in assembly mode

F Under 'Look In' scroll down to select 'Part’

i ]
®

| Parametiers -

! File Edit Parameters Tools Show

Look In

Assembly w | k| [[Bcans-om -
Assembhy

Skeleton

Part

Compenent --33  Source Descri.. Restri.. Unit@.. Unit

Feature Object Type e

Inherited — | .
Annotation Element aFull ... User-Defi
Cluitt

Surface

Edge

Curve

Composite curve

Material

- Customize...

——

|- Main ¥ | Properties.. | [ffi EH}

OK Reset Cancel

Figure 9-2 Scroll down 'Look In' to find 'Part’

P Scroll down to find 'WAVE', then change the value to your wavelength (mm)
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e eS|

Model Tree

{T] BEAWS-001.ASM

£7 ASM_RIGHT

/7 ASN_TOP

£7 ASN_FRONT

44 ASM_DEF_CSYS
» (21 TK-GBM-BEAM-APRT
» [F TK-GBM-MIRROR PRT
» (F1 TK-GEM-BEAM-AFPRT
b (Z1 TK-GBM-MIRROR PRT
» (31 TK-GBM-BEAN-APRT

& Insert Here

Figure 9-3'Part' section of parameters dialog box - Enter new value for wavelength

File Edit Parameters Tools Show

Look In

Part

Fiter By = Default

Hame Type Value Desig...

String
CurR Real Num.
R1 Real Nurm,

Reai Num.

Real Num.
Real Nurm,

Reai Num.

RealN

0 o o o R T e R 1

P Confirm with ‘OK’ and regenerate

Parameters

v | &k | [JTK-GBM-BEAM-A

Access  Source Descri.

BoFul . UserDef

@chte Relatian

ﬁLGC»{E Relation

hiain

v Customize...

Restri.. UnitQ.. Unit
a
| A
¥
v
v | Properties.. | [l | 4}
OK Reset Cancel
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10  ANALYSIS DISPLAY
Analysis of the GBM can be displayed by switching the 3D annotations on.

A& e mom B s ER

WAVE LENGTH = 6.000
BEAM LENGTH =375.000
BEAM WIDTH AT INPUT =7.5

GAIN =20.812 dB
Beam Waist (Radius) W0 = 7.500
Beam Waist Position = 0.000
Edge Factor (W) = 2.000 W

375.000
25.024

Figure 10-1 Single beam analysis displayed

BEAM WIDTH AT INPLIT —4.09
AIN = 27687 d8
WO = 4090 '

—f= 50000
W= 5.025

WAVE LENGTH = 1,500

BEAM LENGTH = 30,000—
BEAM WIDTH AT INPUT = §.0245]
GAIN =28.985 dB §

WO = 4.751

WO = 1 _205—{{

Z0 = 12,112

Figure 10-2 Full beam path analysis
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To display the full data available

EEDSS8F o o

ligh

¥ 22344-GBM-MIRROR (Active) D:\Pr

File = Model Analysis Annoiate Render Tools View Flexible Modeling Applications

:_ @u. om e 3y @ @ @ [ (P sEle xR

\

< Unhide ~ =, Zoom Out
Layers| Reft Zoomin _ _ Named Standard Previous Appearance Section Manage Display ey Activate
K5 stat < Pan Foom  Views ¥ Orientation Gallery * v vews v syev & “J ’“‘J ¥J
Visibility Orientation = Maodel Display ™ Show ~
<
AL
Layer Tree = v ﬁ v _ﬁ v
= Layers

» [l 01__PRT_ALL DTM_PLN
» < 01__PRT_DEF_DTM_PLN
» 2L 02_ PRT_ALL AXES

[l 03__PRT_ALL CURVES /
» [l 04_ PRT_ALL DTM_PNT
» [l 05 PRT ALL DTM_CSYS
» < 05__PRT_DEF_DTM_CSYS
» [l 06__PRT_ALL_SURFS

& DATUM_CURVES
»  DIAGNOSTICS

» <= DISPLAY-INF Unhide
» L HIDE-DATUN

3

f=  80.000
W= 582844

Activate

Mew Layer

Copy Layer

Delete Layer
Rename

Layer Properties
Copy ltem

In Layers you will need to un-hide the DIAGNOSTICS layer to display thedBM data given on a mirror
(see section 1.3)

HM-LOSS = 11.684

f= 80.000
W= 582944

11 BEAM WAIST FINDING BEAM

When your beam layout design requires knowledge of the beam waist poZjoth€n use the
model 'TK-GBM-BEAM-Z0 xxxPRT instead of 'TK-GBM-BEAM-AxxxPRT
)
P Select 'Assemble’ icon s
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P Select' TK-GBM-BEAM-Z0_ xxx.prt' from dialog box
P Select 'Open'

You now should now have the final beam ready to be positioned onto your last mirror.

From the 'Placement 'tab assemble:

F Coincident: 'BEAM-OUT' (datum) on beam, to 'MIRROR-OUT' (datum) on mirror
P Coincident: Axis'A_2', then Axis 'A_8' on mirror
# Check 'Allow Assumptions'

NO = 1.205

70 = 12,112

Figure 11-1 Beam waist of (Radius) 1.205mm at a distance of 12.112mm (Z0) from mirror impact point.

=

P Remember to turn on the 3D annotation tool to display
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