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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

GENERAL ARRANGEMENT

DRAWING NUMBER

FM-AST-001
REVISION

A
SHEET

1 OF 6
SCALE

1:5

MATERIAL

SEE BILL OF MATERIALS

MASS

9.94 kg

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

ANODISED MATT BLACK INTERNAL

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

SIDE ELEVATION

VIEW ON APERTURE

720 OVERALL

Ø
25

0 
O

D

FOCUSER AXIS — STATION 560 FROM PRIMARY VERTEX

Ø80 SECONDARY, OFFSET 5.0 TOWARD PRIMARY

3

4

GENERAL NOTES

1. ALL DIMENSIONS IN MILLIMETRES. DO NOT SCALE FROM THIS DRAWING.

2. GENERAL TOLERANCE ISO 2768-mK UNLESS OTHERWISE STATED.

3. OPTICAL AXIS DATUM -A- IS THE PRIMARY MIRROR VERTEX.

4. FOCUSER AXIS SQUARE TO DATUM -A- WITHIN 0.1°. MACHINE, DO NOT HAND-CUT.

5. SECONDARY OFFSET 5.0 TOWARD PRIMARY AND AWAY FROM FOCUSER — SEE SHEET 4.

6. TUBE INTERIOR FLOCKED OPPOSITE THE FOCUSER APERTURE.

7. PRIMARY CELL AXIALLY ADJUSTABLE ±15 — SETS FOCAL PLANE AT COMMISSIONING.

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16
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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

OPTICAL LAYOUT AND DESIGN DATA

DRAWING NUMBER

FM-AST-002
REVISION

A
SHEET

2 OF 6
SCALE

1:5

MATERIAL

N/A

MASS

—

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

N/A

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

OPTICAL LAYOUT

530  PRIMARY VERTEX TO SECONDARY

l = 270

FOCAL PLANE

OPTICAL DESIGN DATA

PARAMETER VALUE BASIS

Clear aperture 200 mm GSO AD048

Focal length 800 mm f/4.0

Secondary minor axis 80 mm m = l·D/F + d(F−l)/F = 78.1, next size up

Central obstruction 40 % dia / 16 % area 80/200

Secondary offset 5.0 mm m/(4N)

l, axis to focal plane 270 mm 125 tube r + 35 focuser + 110 BF

Image scale 0.97 arcsec/px 3.76 µm pixels

Field of view 0.81° × 0.81° IMX533, 16 mm diagonal

Critical focus zone ±21.5 µm 4.88·λ·N²

Coma-free radius 1.41 mm 0.022·N³ (Suiter)

STRUCTURAL VERIFICATION — CalculiX 2.23 / analytic

VERIFICATION RESULT BUDGET V

Tube deflection, 1.5 mm wall 0.0015 mm 1.41 mm P

Focuser aperture penalty 1.74× quantified P

Spider hub sag 0.332 µm 141 µm P

Spider vane buckling FoS 5.8 > 3 P

Secondary assembly f1 865 Hz > 30 Hz P

Primary glass, 3-point 0.84 nm rms 27.5 nm P

Mirror flop, zenith→horizon 0.142 arcsec 0.485 P

DESIGN BASIS

1. SECONDARY SIZED FROM CORRECTOR BACKFOCUS, NOT FROM APERTURE.

2. 80 mm SECONDARY VALID FOR l = 240 TO 280. dm/dl = 0.230.

3. STOCK 70 mm SECONDARY VIGNETTES A 16 mm DIAGONAL — DO NOT SUBSTITUTE.

4. TUBE WALL 1.5 mm AUTHORISED BY SHELL FEA, 16552 S3 ELEMENTS.

5. 3-POINT CELL: THREE POINTS TILT THE MIRROR, THEY CANNOT WARP IT.

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16
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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

PRIMARY MIRROR CELL

DRAWING NUMBER

FM-AST-003
REVISION

A
SHEET

3 OF 6
SCALE

1:2

MATERIAL

ALUMINIUM 6061-T6

MASS

1.20 kg

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

CLEAR ANODISE, PADS MASKED

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

PLAN — MIRROR SIDE

26
 O

V
E

R
A

LL

12 PLATE THICKNESS

17 PAD BOSS HEIGHT (0.707R PADS)

20 COLLIMATION BOSS HEIGHT

SIDE ELEVATION

Ø244

3 × MIRROR PAD Ø22 AT R70.71 (0.707 R)

3 × M6 COLLIMATION AT R108.5, 120° APART

Ø120 FAN BORE — 120 mm FAN, 105 SQUARE PATTERN

3 × ADJUSTMENT SLOT 9 × 5.5 — AXIAL ±15

MIRROR CELL NOTES — CRITICAL

1. THE MIRROR SITS. IT IS NEVER SQUEEZED. ZERO PRELOAD.

2. RADIAL CLEARANCE GLASS TO CELL 0.5–1.0. SET WITH FEELER AT 6 POSITIONS.

3. AXIAL CLIPS STAND 0.30 PROUD OF THE GLASS (+0.2/−0.0). GLASS MUST

RATTLE FAINTLY WHEN THE CELL IS TAPPED. IF IT CANNOT MOVE IT IS PINCHED.

4. PINCHED OPTICS PRODUCE TREFOIL ASTIGMATISM MISTAKEN FOR BAD SEEING.

5. EDGE SUPPORT: SLING OR TWO ROLLERS AT ±45° FROM VERTICAL. NO SET SCREWS.

6. CORK OR SILICONE PAD BETWEEN GLASS AND METAL. NO BARE CONTACT.

7. PAD FACES COPLANAR WITHIN 0.05 — SINGLE SETUP, DO NOT RE-FIXTURE.

8. FAN RUNS ALL NIGHT INCLUDING DURING EXPOSURES.

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16
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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

SPIDER AND SECONDARY HOLDER

DRAWING NUMBER

FM-AST-004
REVISION

A
SHEET

4 OF 6
SCALE

1:2

MATERIAL

SPIDER ALU 6061-T6 / HOLDER PA-CF

MASS

0.26 kg

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

SPIDER BLACK ANODISE

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

SPIDER — VIEW ON TUBE AXIS

SECONDARY HOLDER

Ø
24

4 
A
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HUB OFFSET 5.0 mm — BUILT INTO GEOMETRY, NOT A SHIM

VANE 0.5 THK × 22 DEEP — SETS SPIKE WIDTH

45° SEAT FOR Ø80 × 114 × 18 SECONDARY

3 × M3 TILT ADJUSTMENT

SPIDER NOTES

1. SECONDARY OFFSET 5.0 = m/(4N). TOWARD THE PRIMARY AND AWAY FROM THE

FOCUSER. OMITTING IT PRODUCES ONE-SIDED COMA NO COLLIMATION REMOVES.

2. VANE THICKNESS 0.5 ±0.05. DO NOT REDUCE — BUCKLING FoS IS 5.8, NOT 50.

3. VANE DEPTH 22 MINIMUM. THE COMPRESSION VANE GOVERNS, NOT DEFLECTION.

4. VANES MUST BE COPLANAR AND EQUALLY TENSIONED — A BENT VANE SPLITS SPIKES.

5. HOLDER PRINTED PA-CF ON H2C, 100 % INFILL, 4 WALLS, CHAMBER ON.

6. 3–5 W DEW HEATER BONDED TO THE HOLDER REAR. SECONDARY DEWS FIRST.

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16
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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

OPTICAL TUBE AND FOCUSER BOARD

DRAWING NUMBER

FM-AST-005
REVISION

A
SHEET

5 OF 6
SCALE

1:5 / 1:2

MATERIAL

ALUMINIUM 6061-T6

MASS

2.47 kg

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

INTERIOR FLOCKED MATT BLACK

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

TUBE — DEVELOPED LAYOUT

FOCUSER BOARD

720

560 TO FOCUSER AXIS
Ø61 DRAWTUBE CLEARANCE

4 × M5 ON Ø92 PCD

TUBE AND FOCUSER NOTES

1. TUBE Ø250 OD × 1.5 WALL × 720. WALL THICKNESS FEA-AUTHORISED.

2. ROUNDNESS 0.5 TIR OVER THE TUBE-RING SEATING BANDS.

3. FOCUSER BOARD SEAT MACHINED CONCAVE TO Ø250 — MUST NOT ROCK.

4. FOCUSER AXIS SQUARE TO TUBE AXIS WITHIN 0.1°. THIS IS A MACHINED

FEATURE. A HAND-CUT HOLE GUARANTEES A TILT YOU WILL CHASE FOR MONTHS.

5. FOCUSER MUST BE LOW PROFILE: HEIGHT ≤35 ABOVE TUBE OD. EVERY EXTRA

10 mm OF HEIGHT COSTS 2.3 mm OF SECONDARY MINOR AXIS.

6. DRAWTUBE SAG UNDER 1 kg CAMERA ≤20 µm — THE FOCUS BUDGET IS ±21.5 µm.

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16
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FLOWMATIC  ·  ASTROGRAPH PROGRAMME
200 mm f/4 NEWTONIAN ASTROGRAPH  ·  CANBERRA ACT 35.28°S

BILL OF MATERIALS, ASSEMBLY AND QA GATES

DRAWING NUMBER

FM-AST-006
REVISION

A
SHEET

6 OF 6
SCALE

NTS

MATERIAL

—

MASS

9.94 kg

PROJECTION

FIRST ANGLE (ISO 128)

FINISH

—

UNITS

MILLIMETRES

GENERAL TOL ISO 2768-mK UNLESS STATED   ·   DO NOT SCALE

DRAWN  NaXief's Claude   CHECKED  SELF-CHECK + VISUAL JUDGE, SEE SHEET 6 QA GATES

DATE  2026-08-16      STATUS  ISSUED FOR MANUFACTURE

BILL OF MATERIALS

ITEM PART No DESCRIPTION SPECIFICATION QTY kg

1 AST-100 Primary mirror, 200 mm f/4 parabolic GSO AD048, BK-7 1 1.79

2 AST-101 Secondary mirror, 80 mm minor axis GSO AD093, λ/10 1 0.33

3 AST-200 Optical tube, Ø250 × 1.5 wall × 720 Alu 6061-T6 1 2.25

4 AST-201 Primary mirror cell Alu 6061-T6, machined 1 1.20

5 AST-202 Spider, 4-vane, offset hub Alu 6061-T6 1 0.11

6 AST-203 Secondary holder PA-CF, printed H2C 1 0.15

7 AST-204 Focuser board Alu 6061-T6, machined 1 0.22

8 AST-300 Focuser, 2" low-profile dual-speed Bought-in 1 0.75

9 AST-301 Coma corrector, 2", f/4 Bought-in, BF 55 mm 1 0.30

10 AST-302 Tube rings + Losmandy dovetail Bought-in 1 1.30

11 AST-400 Cooling fan, 120 mm 12 V Bought-in 1 0.18

12 AST-401 Secondary dew heater, 3–5 W Bought-in 1 0.04

ASSEMBLY SEQUENCE

# ASSEMBLY SEQUENCE

1 Bond cork pads to cell. Verify pad coplanarity 0.05.

2 Seat primary on 3 pads. Set radial clearance 0.5–1.0 at 6 points.

3 Fit axial clips at 0.30 PROUD. Confirm glass rattles faintly.

4 Mount cell in tube on adjustment slots. Leave slots mid-travel.

5 Fit spider. Confirm hub offset 5.0 toward primary.

6 Fit secondary in holder at 45°. Do not preload the glass.

7 Bolt focuser board. Verify squareness 0.1° with dial indicator.

8 Fit focuser, corrector, filter drawer, OAG, camera.

9 Cheshire → laser → star test. Iterate.

10 Set corrector spacing by corner HFR. Shim in 0.5 steps.

11 Null sensor tilt to ≤20 µm across the diagonal.

12 Balance on dovetail. Record RA/DEC balance positions.

QUALITY GATES — NONE MAY BE SKIPPED

GATE CHECK CRITERION METHOD

G1 Pad coplanarity 0.05 mm Surface plate + DTI

G2 Mirror radial clearance 0.5–1.0 mm Feeler, 6 positions

G3 Axial clip standoff 0.30 +0.2/−0.0 proud Shim stock, tap test

G4 Secondary offset 5.0 ±0.3 mm Depth gauge from hub

G5 Focuser squareness ≤0.1° DTI sweep on drawtube

G6 Collimation focal point ≤1.41 mm off axis Cheshire + laser

G7 Corrector spacing corner HFR within 10 % of centre Star field, measure

G8 Sensor tilt ≤20 µm across diagonal Corner HFR comparison

G9 First light round stars to the corners Eta Carinae / Omega Cen

REVISION HISTORY

REV DESCRIPTION DATE

A First issue for manufacture 2026-08-16


