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Heifer Zephyr Instruments — Tony Koop

Three-member family · four manufacturing variants · optional snare

First prototype: Standard (CJ-S), V1 finger-joint, snare option B
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Family table

Member H × W × D Hole Ø Predicted f_H Voice

Compact (CJ-C) 15 × 11 × 11 in 4.0 in ≈ 107 Hz bright G■2/A2

Standard (CJ-S) ■ 18 × 12 × 12 in 4.5 in ≈ 96 Hz balanced G2

Bass (CJ-B) 22 × 14 × 14 in 5.0 in ≈ 77 Hz deep D■2/E2

Governing physics
The cajón's bass voice is the coupling of two systems within a few semitones: the front-plate (1,1)
clamped-rectangular bending mode (the tapa) and the Helmholtz cavity with the back-port sound hole.
The Standard's predicted plate (1,1) is ~84 Hz; the cavity is ~96 Hz; the perceived bass is the coupled
mode of both.

Helmholtz: f_H = (c/2π)·√(A/(V·L_eff)), L_eff = t_back + 1.7·(d_hole/2)

The 1.7·r end correction was absent from the original spreadsheet formula; the corrected expression is
what the workbook should now use. (Risk A2 in risks.md tracks this.)



BOM (excerpt)
part_id description variant member quantity unit unit_cost_usd extended_cost_usd critical notes

BODY-WALNUT-SIDE-S Black walnut side panel, 4/4, S2S V1+V2+V3+V4 Standard 2 each 28.00 56.00 Y 18 x 12 x 0.75 in; mill to ±0.005" before joinery

BODY-WALNUT-TOP-S Black walnut top panel (seat), 4/4, S2S V1+V2+V3+V4 Standard 1 each 22.00 22.00 Y 12 x 12 x 0.75 in

BODY-WALNUT-BOTTOM-S Black walnut bottom panel, 4/4, S2S V1+V2+V3+V4 Standard 1 each 22.00 22.00 Y 12 x 12 x 0.75 in

BODY-WALNUT-SIDE-C Black walnut side panel (Compact) V1+V2+V3+V4 Compact 2 each 22.00 44.00 Y 15 x 11 x 0.625 in

BODY-WALNUT-SIDE-B Black walnut side panel (Bass) V1+V2+V3+V4 Bass 2 each 38.00 76.00 Y 22 x 14 x 0.75 in

BACK-PLY-S 1/2 in Baltic birch back panel V1+V2+V3+V4 Standard 1 each 12.00 12.00 Y 18 x 12 x 0.5 in; sound-hole routed before assembly

BACK-PLY-C 1/2 in Baltic birch back panel (Compact) V1+V2+V3+V4 Compact 1 each 9.00 9.00 Y 15 x 11 x 0.5 in

BACK-PLY-B 1/2 in Baltic birch back panel (Bass) V1+V2+V3+V4 Bass 1 each 16.00 16.00 Y 22 x 14 x 0.5 in

TAPA-PLY-S Baltic birch 3 mm tapa face V1+V2+V3+V4 Standard 1 each 8.00 8.00 Y 18 x 12 x 0.118 in (3 mm); MUST be 3-ply or 5-ply marine grade

TAPA-PLY-C Baltic birch 3 mm tapa face (Compact) V1+V2+V3+V4 Compact 1 each 7.00 7.00 Y 15 x 11 x 0.118 in

TAPA-PLY-B Baltic birch 3 mm tapa face (Bass) V1+V2+V3+V4 Bass 1 each 10.00 10.00 Y 22 x 14 x 0.118 in

INLAY-MAPLE Hard maple inlay blank, 4/4, S2S V1+V2+V3+V4 All 1 BdFt 12.00 12.00 N For CNC inlay primary wood; ~6 BdFt per family if all 3 sides inlaid

INLAY-YELLOWHEART Yellowheart inlay blank, 4/4 V1+V2+V3+V4 All 1 BdFt 18.00 18.00 N Accent contrast

INLAY-CHERRY Cherry inlay blank, 4/4 V1+V2+V3+V4 All 1 BdFt 9.00 9.00 N Accent contrast

GLUE-BLOCK-WALNUT Walnut triangular glue block V1+V2+V3+V4 All 8 each 0.50 4.00 Y 3/4 in stock; ripped 1 in x 1 in x panel-height triangle; 8 per box

JOINT-V4-SPLINE Maple spline stock, 1/8 in V4 All 4 each 2.50 10.00 Y For miter+spline corners; contrasting wood

SNARE-GUITAR-STR Guitar strings (steel, set of 6) V1+V2+V3+V4 All 1 set 9.00 9.00 Y Use 3-4 strings; D'Addario or equivalent; .009 to .020 gauge mix

SNARE-TUNERS Guitar tuner pegs, 3+3 set V1+V2+V3+V4 All 3 each 4.50 13.50 Y For adjustable snare; or use single-action tuner block

SNARE-MOUNT-BLOCK Maple snare mount block, angled 8-12 deg V1+V2+V3+V4 All 1 each 3.00 3.00 Y Cut in shop from offcut maple

SNARE-WIRE-ALT Snare-drum wires, 13 in (option C alternative) alt-C All 1 each 12.00 12.00 N OPTIONAL alternative to guitar-string snare



Sourcing
part_id supplier supplier_url sku_or_search lead_time_days moq verified_price_date price_volatility notes

BODY-WALNUT-SIDE-S Bell Forest Products bellforestproducts.com black walnut 4/4 S2S FAS 5 1 BdFt 2026-04-15 low FAS or better; figure grade optional for showpiece

BODY-WALNUT-TOP-S Bell Forest Products bellforestproducts.com black walnut 4/4 S2S FAS 5 1 BdFt 2026-04-15 low

BODY-WALNUT-BOTTOM-S Bell Forest Products bellforestproducts.com black walnut 4/4 S2S FAS 5 1 BdFt 2026-04-15 low

BODY-WALNUT-SIDE-C Bell Forest Products bellforestproducts.com black walnut 4/4 S2S FAS 5 1 BdFt 2026-04-15 low

BODY-WALNUT-SIDE-B Bell Forest Products bellforestproducts.com black walnut 4/4 S2S FAS 5 1 BdFt 2026-04-15 low

BACK-PLY-S Ocooch Hardwoods ocoochhardwoods.com Baltic birch 1/2 in BB grade 24x30 4 1 2026-04-15 low BB grade is the export-quality multi-ply; do NOT use big-box ply

BACK-PLY-C Ocooch Hardwoods ocoochhardwoods.com Baltic birch 1/2 in BB grade 4 1 2026-04-15 low

BACK-PLY-B Ocooch Hardwoods ocoochhardwoods.com Baltic birch 1/2 in BB grade 4 1 2026-04-15 low

TAPA-PLY-S Ocooch Hardwoods ocoochhardwoods.com Baltic birch 3 mm BB or BB/B 4 1 2026-04-15 medium 3 mm = 0.118 in nominal; MUST be 3-ply or 5-ply marine; spot-check thickness on arrival

TAPA-PLY-C Ocooch Hardwoods ocoochhardwoods.com Baltic birch 3 mm BB 4 1 2026-04-15 medium

TAPA-PLY-B Ocooch Hardwoods ocoochhardwoods.com Baltic birch 3 mm BB 4 1 2026-04-15 medium

INLAY-MAPLE Bell Forest Products bellforestproducts.com hard maple 4/4 figured S2S 5 1 BdFt 2026-04-15 low Figured/curly maple optional

INLAY-YELLOWHEART Cook Woods cookwoods.com yellowheart 4/4 turning blanks 4 1 2026-04-15 medium Tropical wood; check CITES if shipping internationally

INLAY-CHERRY Bell Forest Products bellforestproducts.com cherry 4/4 S2S FAS 5 1 BdFt 2026-04-15 low

GLUE-BLOCK-WALNUT (shop offcut) — 0 0 2026-04-15 n/a Use stock offcuts from body panels; ~$1 incidental cost

JOINT-V4-SPLINE Bell Forest Products bellforestproducts.com hard maple 1/8 in stock 5 1 2026-04-15 low V4 only; rip in shop from maple stock

SNARE-GUITAR-STR Sweetwater sweetwater.com D'Addario EJ16 acoustic guitar strings 2 1 2026-04-15 low Use 3-4 of 6 strings; A/D/G/B work well

SNARE-TUNERS Stewart-MacDonald stewmac.com acoustic tuner machines 3+3 4 1 2026-04-15 low Or single-action snare tuner from a drum-shop

SNARE-MOUNT-BLOCK (shop fabricated) — 0 0 2026-04-15 n/a Cut from offcut maple

SNARE-WIRE-ALT Sweetwater sweetwater.com PureSound Custom Pro 14 in 20-strand 3 1 2026-04-15 low Cut to fit cajón internal width if used



Cut List
variant member operation_id description stock_id qty length_in width_in thickness_in total_bdft notes

V1+V2+V3+V4 Standard S-SIDE-01 Side panel rough cut, jointed both edges black walnut 4/4 S2S 2 18.5 12.5 0.875 5.06 Rough +0.5 in oversize all around; mill to 18 x 12 x 0.75 in final

V1+V2+V3+V4 Standard S-TOP-01 Top (seat) panel rough cut black walnut 4/4 S2S 1 12.5 12.5 0.875 1.69

V1+V2+V3+V4 Standard S-BOT-01 Bottom panel rough cut black walnut 4/4 S2S 1 12.5 12.5 0.875 1.69

V1+V2+V3+V4 Standard S-BACK-01 Back panel cut Baltic birch 1/2 in 1 18.0 12.0 0.50 n/a Cut to size; sound-hole routed in CNC step S-BACK-02

V1+V2+V3+V4 Standard S-BACK-02 Sound hole, 4.5 in dia, centred L-R, 1/3 H from top Baltic birch 1/2 in 1 n/a n/a n/a n/a Hole saw or CNC pocket; deburr both sides

V1+V2+V3+V4 Standard S-TAPA-01 Tapa face cut to size Baltic birch 3 mm 1 18.0 12.0 0.118 n/a Cut OVERSIZE +0.06 in; trim flush after assembly

V1+V2+V3+V4 Standard S-GB-01 Internal corner glue-blocks (8x triangular) walnut offcut 8 17.0 1.0 1.0 n/a Length matches panel height; glued into all 8 internal corners

V1+V2+V3+V4 Standard S-FOOT-01 Rubber foot install rubber 1/2 in 4 n/a n/a n/a n/a Self-adhesive; one in each corner of bottom panel

V1 Standard S-V1-01 Finger-joint pockets, top + bottom + sides corners machined panels 4 n/a n/a n/a n/a 3/8 in fingers, parametric width; CNC route OR table-saw jig; 8 corner pairs

V2 Standard S-V2-01 Half-blind dovetail layout, top + bottom + sides corners machined panels 4 n/a n/a n/a n/a CNC half-blind; pin spacing per drawing 06

V3 Standard S-V3-01 Rabbet cut, all 4 corners (top+bottom into sides) machined panels 4 n/a n/a n/a n/a 3/8 deep x 3/4 wide; table-saw or router

V4 Standard S-V4-01 Miter cut at 45 deg on all corner edges machined panels 4 n/a n/a n/a n/a Table saw with 45 deg sled; verify squareness

V4 Standard S-V4-02 Spline slot, 1/8 in x 0.6 in deep, 3 per corner miter glued shell 12 n/a n/a n/a n/a Spline jig on table saw; contrasting maple slips inserted glued

V1+V2+V3+V4 Standard S-INLAY-01 CNC inlay pocket, side panel A (mandala or geometric) walnut side panel 1 n/a n/a n/a n/a BEFORE assembly; depth 0.080 in; TBN 12.4 deg bit

V1+V2+V3+V4 Standard S-INLAY-02 CNC inlay pocket, side panel B (mirrored or alternate) walnut side panel 1 n/a n/a n/a n/a Mirror or independent pattern

V1+V2+V3+V4 Standard S-INLAY-03 CNC inlay pocket, back panel (rosette around sound hole) Baltic birch back 1 n/a n/a n/a n/a Optional aesthetic; rosette only — keep tapa clean

V1+V2+V3+V4 Standard S-INLAY-04 CNC inlay insert, maple, mandala maple inlay blank 1 n/a n/a n/a n/a POSITIVE of pocket; oversized for press-fit

V1+V2+V3+V4 Standard S-INLAY-05 CNC inlay insert, yellowheart accent yellowheart blank 1 n/a n/a n/a n/a Smaller accent insert

V1+V2+V3+V4 Standard S-SNARE-B Snare mount block, 8-12 deg angled face maple offcut 1 5.0 1.0 1.0 n/a Glued and screwed to inside of back panel; tuner pegs through back

V1+V2+V3+V4 Standard S-FIN-01 Sand body to 220 grit glued shell 1 n/a n/a n/a n/a Random-orbit then hand-sand corners



Validation
member variant target parameter predicted_value measured_value unit cents_error measurement_date instrument notes

Compact V1 Helmholtz cavity fundamental frequency 107 Hz Korg OT-120 + REW Predicted f_H using c=343 m/s, end correction = 1.7r; corresponds to G#2/A2 region

Compact V1 plate (1 1) mode frequency 107 Hz Korg OT-120 + REW Predicted; coupling to f_H is tight in Compact — coupled mode is the perceived bass

Compact V1 coupled bass mode (perceived) frequency 107 Hz Korg OT-120 + REW Perceived 'thump' pitch; expect ±10 Hz from prediction

Standard V1 Helmholtz cavity fundamental frequency 96 Hz Korg OT-120 + REW Predicted f_H; corresponds to G2 region

Standard V1 plate (1 1) mode frequency 84 Hz Korg OT-120 + REW Predicted plate fundamental; Standard has ~2 semitone offset between plate and cavity

Standard V1 coupled bass mode (perceived) frequency 90 Hz Korg OT-120 + REW Predicted; midpoint of plate and cavity if coupling is moderate

Standard V2 Helmholtz cavity fundamental frequency 96 Hz Korg OT-120 + REW

Standard V3 Helmholtz cavity fundamental frequency 96 Hz Korg OT-120 + REW

Standard V4 Helmholtz cavity fundamental frequency 96 Hz Korg OT-120 + REW

Bass V1 Helmholtz cavity fundamental frequency 77 Hz Korg OT-120 + REW Predicted f_H; corresponds to D#2/E2 region

Bass V1 plate (1 1) mode frequency 60 Hz Korg OT-120 + REW Plate is ~5 semitones below cavity → cavity dominates the bass voice

Bass V1 coupled bass mode (perceived) frequency 77 Hz Korg OT-120 + REW Bass member is cavity-dominant; expect perceived pitch near f_H

Standard V1 slap-vs-bass spectrum delta 1 kHz energy delta 5 dB REW Slap (corner strike) should be ≥ +5 dB at 1 kHz vs centre strike

Standard V1 sustain T60 (bass voice) RT decay -60 dB 0.45 seconds REW Acceptance band 0.30-0.55 s; longer = boomy, shorter = dry

Standard V1 snare buzz onset velocity subjective medium 1-5 Korg OT-120 Should engage at moderate (m) finger strikes; not at light (l)

All All tapa screw torque uniformity 4-corner inch-lb 3.0 in-lb torque screwdriver ±0.5 in-lb across all screws — drives plate (1,1) consistency

All All bearing-edge / tapa fit 4-tap variation 0 cents Korg OT-120 Tap each tapa quadrant; ±10 cents acceptance — non-uniform = uneven screw torque

All All internal cavity volume measured (water displacement  dry-fit) 1846.7 cubic_inches calipers Standard target; Compact 1307; Bass 3242

All All sound-hole diameter actual measured 4.500 inches calipers ±0.020 in; deburr both sides

All All tapa flatness  before mount deflection at centre 0.5 lb load 0 inches dial indicator <0.030 in deflection at 0.5 lb point load — qualitative; reject if dimples visible


