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“python

import math

# Dimensions
width = 40.0# cm

length - 80.0 # cm




# Cell parameters

# Hexagon outer diameter (vertex to vertex) = 2.5

cm

D-=-25#cm

# Wall thickness (gap between cells) - 5 mm - 0.5

cm

gap -0.5# cm

# For a regular hexagon, if D is the outer diameter

(vertex to vertex):
# The width across flats (d) - D *sqrt(3) / 2
# The center-to-center distance in a hexagonal
grid:
# In the columns direction (horizontal, width = 40
cm):
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# A hexagon's width across flats or spacing. Let's

look at the standard hexagonal packing geometry.

# Center-to-center horizontal distance dx - d + gap
(or related, let's calculate precisely based on grid

spacing)

# Let's write a python function to test different
rows and columns to fit within 40x80 cm with 0.5

cm gap.

# Let's check the exact formula for hexagonal grid

with diameter D and gap g.
# If outer diameter is D, the side lengths-D/ 2.
# Width across flats (flat-to-flat) d - s * sqrt(3) - (D
/2)*sqrt(3)

# Let's model the bounding box or grid spacing:

6




# In a hexagonal honeycomb grid:

# Horizontal distance between column centers: dx
- w_hex + gap, where w_hex is the horizontal

dimension of the cell.

# If the hexagon has points pointing up/down or

flat sides:

# Usually, for a honeycomb grid, let's see how

many cells fit.

# Let's simulate different numbers of rows (R) and

columns (C) and see which fit in 40x80 cm.

print('Simulating grid fit...")




NN

text

Simulating grid fit...

NN\

NN\

python

import numpy as np

D - 2.5 # cm (outer diameter, vertex to vertex)

gap - 0.5 # cm (wall thickness between cells)

# Let's test combinations of rows and columns

best _fit = None




max_count=_0

# A hexagon with vertex-to-vertex diameter D:
# If it's oriented with flat sides top/bottom:
# Height (vertex-to-vertex vertically) - D

# Width (flat-to-flat horizontally) - D * sqrt(3) / 2 -

2.5%0.866 = 2.165 cCm

# Center-to-center horizontal distance = Width +

gap = 2.165 + 0.5 = 2.665 cm

# Center-to-center vertical distance -0.75* D + gap
(since rows stagger by half width and overlap
vertically by 1/4 D) -> wait, let's check standard

honeycomb vertical pitch:

# Vertical pitch between row centers -0.75*D +

gap (if packed closely, or 0.75 * D plus wall

9




# Let's test both orientations (flat-to-flat

horizontal vs point-to-point horizontal)
# Orientation 1: Flat sides on top/bottom
# Width of one cell - D * sqrt(3)/2
# Height of one cell - D
for C in range(1, 30):
for R in range(1, 50):
# Total width needed for C columns:
# C cells of width W_cell, plus C+1walls or similar?
# If wall thickness is 'gap' between cells:

# Width - C*W_cell + (C - 1) * gap (if walls are
between) or C* (W_cell + gap)

# Let's use standard center-to-center spacing:

10




# Total width = (C - 1) * spacing_x + W_cell + 2 *

border_wall (assuming some border)
# Let's simplify: Max width = C* (W_cell + gap) <= 40

pass

# Let's write a precise calculation for a honeycomb

layout in a 40x80 rectangle:
# D =2.5cm, gap = 0.5 cm.
# Let's find maximum C and R such that:
# Width requirement: C columns.

# Height requirement: R rows (with staggered

rows shifting by half pitch).

W _box = 40.0

11




H box =80.0

# Orientation A: Flat top/bottom

# Cell horizontal width (flat-to-flat) =D *
np.sqrt(3)/2
w_flat - D * np.sqrt(3) / 2

h vert=D

# If we arrange them with a fixed wall/gap of 0.5

cm between cell outer boundaries:

# Outer width of cell = D (since D is vertex-to-
vertex, or if flat-to-flat is the main dimension, let's

look at outer bounds).

12




# Let's calculate based on outer bounding box of
each cell including half the gap, or center-to-

center spacing.

# If cell outer width - D, then center-to-center - D
+ gap.
# Let's check how many columns and rows fit if

each cell occupies a bounding box of size (Dx +

gap) by (Dy + gap).

Dx = D # outer diameter
Dy-D

# For a hexagon, width = D, height - D (if rotated).

Let's use standard formulas:

# Let's search/calculate standard packaging.

13




" python
# Let's write code to find exact grid capacity for D

- 2.5cm and gap = 0.5 cm in 40x80 cm
# Cell outer size:

# If D - 2.5 cm is the outer diameter (vertex to

vertex)
# Let's test standard grid dimensions where:

# Total width - C* (effective_cell_width + gap) <- 4

o

# Total height - R * (effective_cell_height + gap) <-

80

# For a hexagon with outer diameter D - 2.5:

# Max width of a hexagon is D (vertex-to-vertex)

or D*sqrt(3)/2 (flat-to-flat).

14




# Usually, diameter of a circle circumscribing the

hexagonis D = 2.5 cm.

# The width (flat-to-flat) = 2.5 * cos(30°) = 2.5 * 0.866 =

2.165 cm.

# The height (vertex-to-vertex) = 2.5 cm.

# In a hexagonal grid (honeycomb):

# Horizontal pitch between columns - flat-to-flat +

gap = 2.165 + 0.5 = 2.665 cm

# Vertical pitch between rows - 0.75 * vertex-to-
vertex + gap (for staggered rows) = 0.75* 2.5 + 0.5 =
1.875 + 0.5 = 2.375 cm (or slightly adjusted for

stagger)

# Let's compute max columns (C) and rows (R):
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pitch_x - 2.165 + 0.5 # 2.665 cm

pitch_y -0.75*2.5 + 0.5 # 2.375 cm

# C columns require: (C - 1) * pitch_x + cell_width <-

40
# Let's solve for C:

# C * pitch_x - pitch_x + cell_width <= 40-> C* 2.665

<= 40+ 2.665 - 2.165 = 40.5
C - 40.5/ 2.665

print(f'Calculated columns: {C}")

# R rows require: R * pitch_y + margin <- 80
R - 80.0/ pitch_y
print(f'Calculated rows: {R}")

16




total_count - int(np.floor(40 / pitch_x)) *

int(np.floor(8o / pitch_y))

print(f'Approx count: {total_count}")

# Let's refine with exact bounds simulation
results =[]
for c in range(1, 20):
for r in range(1, 45):

# width check: first cell takes flat width,

remaining c-1take pitch_x, plus borders?

# Let's assume total width = (c - 1) * (2.165 + 0.5) +

2.165 <=40

w_total = (c - 1) * (2.165 + gap) + 2.165

17




# height check: r rows in honeycomb: first row

takes 2.5, subsequent r-1rows take 0.75*2.5 + gap?

# Or standard row pitch-0.75*D + gap = 0.75* 2.5 +

0.5=2.375
h_total - 2.5+ (r-1)*(0.75* 2.5 + gap)
if w_total <= 40.0 and h_total <= 80.0:

results.append((c, r, c *r, w_total, h_total))

# Print top results by count
results.sort(key-lambda x: x[2], reverse-True)
for item in results[:51:

print(f'Cols: {item[0]}, Rows: {item[1]}, Total:
(item[2]}, Width: {item[3]..2f}, Height: {item[4]:.2f}")

Ttext
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Calculated columns: 15.196998123827392
Calculated rows: 33.68421052631579
Approx count: 495

Cols: 15, Rows: 33, Total: 495, Width: 39.48, Height:

78.50

Cols: 15, Rows: 32, Total: 480, Width: 39.48, Height:

76.12

Cols: 15, Rows: 31, Total: 465, Width: 39.48, Height:

73.75

Cols: 14, Rows: 33, Total: 462, Width: 36.81, Height:

78.50

Cols: 15, Rows: 30, Total: 450, Width: 39.48, Height:

71.38
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" python

import math
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# Dimensions
width = 40.0 # cm

length - 80.0 # cm

# Cell parameters

# Hexagon outer diameter (vertex to vertex) = 2.5

cm

D-=25#cm

# Wall thickness (gap between cells) - 5 mm - 0.5

cm

gap =-0.5#cm

# For a regular hexagon, if D is the outer diameter

(vertex to vertex):

21




# The width across flats (d) = D * sqrt(3) / 2
# The center-to-center distance in a hexagonal
grid:
# In the columns direction (horizontal, width = 40
cm):
# A hexagon's width across flats or spacing. Let's

look at the standard hexagonal packing geometry.

# Center-to-center horizontal distance dx -=d + gap
(or related, let's calculate precisely based on grid

spacing)

# Let's write a python function to test different
rows and columns to fit within 40x80 cm with 0.5

cm gap.
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# Let's check the exact formula for hexagonal grid

with diameter D and gap g.

# If outer diameter is D, the side lengths-D / 2.
# Width across flats (flat-to-flat) d - s * sqrt(3) - (D
/2)*sqrt(3)

# Let's model the bounding box or grid spacing:

# In a hexagonal honeycomb grid:

# Horizontal distance between column centers: dx
- w_hex + gap, where w_hex is the horizontal

dimension of the cell.

# If the hexagon has points pointing up/down or

flat sides:

# Usually, for a honeycomb grid, let's see how

many cells fit.
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# Let's simulate different numbers of rows (R) and

columns (C) and see which fit in 40x80 cm.

print('"Simulating grid fit...")

text

Simulating grid fit...
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python

import numpy as np

D - 2.5 # cm (outer diameter, vertex to vertex)

gap - 0.5 # cm (wall thickness between cells)

# Let's test combinations of rows and columns
best _fit = None

max_count=_0

# A hexagon with vertex-to-vertex diameter D:

# If it's oriented with flat sides top/bottom:

# Height (vertex-to-vertex vertically) - D

25




# Width (flat-to-flat horizontally) - D * sqrt(3) / 2 -

2.5%0.866 = 2.165 cCm

# Center-to-center horizontal distance - Width -+

gap = 2.165 + 0.5 = 2.665 cm

# Center-to-center vertical distance - 0.75* D + gap
(since rows stagger by half width and overlap
vertically by 1/4 D) -> wait, let's check standard

honeycomb vertical pitch:

# Vertical pitch between row centers-0.75*D +

gap (if packed closely, or 0.75 * D plus wall)

# Let's test both orientations (flat-to-flat

horizontal vs point-to-point horizontal)
# Orientation 1: Flat sides on top/bottom

# Width of one cell - D * sqrt(3)/2

26




# Height of one cell-D
for C in range(1, 30):
for R in range(1, 50):
# Total width needed for C columns:
# C cells of width W_cell, plus C+1walls or similar?

# If wall thickness is 'gap' between cells:

# Width - C*W_cell + (C - 1) * gap (if walls are
between) or C* (W_cell + gap)

# Let's use standard center-to-center spacing:

# Total width = (C - 1) * spacing_x + W_cell + 2 *

border_wall (assuming some border)
# Let's simplify: Max width = C* (W_cell + gap) <= 40

pass
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# Let's write a precise calculation for a honeycomb

layout in a 40x80 rectangle:
# D =2.5cm, gap = 0.5 cm.
# Let's find maximum C and R such that:
# Width requirement: C columns.

# Height requirement: R rows (with staggered

rows shifting by half pitch).

W _box = 40.0

H box =80.0

# Orientation A: Flat top/bottom

# Cell horizontal width (flat-to-flat) - D *

np.sqrt(3),/2

28




w_flat - D * np.sqrt(3) / 2

h vert=D

# If we arrange them with a fixed wall/gap of 0.5

cm between cell outer boundaries:

# Outer width of cell = D (since D is vertex-to-
vertex, or if flat-to-flat is the main dimension, let's

look at outer bounds).

# Let's calculate based on outer bounding box of
each cell including half the gap, or center-to-

center spacing.

# If cell outer width = D, then center-to-center =D

+ gap.

29




# Let's check how many columns and rows fit if

each cell occupies a bounding box of size (Dx +

gap) by (Dy + gap).

Dx = D # outer diameter
Dy-=D

# For a hexagon, width = D, height - D (if rotated).

Let's use standard formulas:

# Let's search/calculate standard packaging.

“python
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# Let's write code to find exact grid capacity for D

- 2.5cm and gap = 0.5 cm in 40x80 cm
# Cell outer size:

# If D - 2.5 cm is the outer diameter (vertex to

vertex)
# Let's test standard grid dimensions where:
# Total width = C * (effective_cell_width + gap) <- 40

# Total height = R * (effective_cell_height + gap) <-

80

# For a hexagon with outer diameter D - 2.5:

# Max width of a hexagon is D (vertex-to-vertex)

or D*sqrt(3)/2 (flat-to-flat).
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# Usually, diameter of a circle circumscribing the

hexagonis D = 2.5 cm.

# The width (flat-to-flat) = 2.5 * cos(30°) = 2.5 * 0.866 =

2.165 cm.

# The height (vertex-to-vertex) = 2.5 cm.

# In a hexagonal grid (honeycomb):

# Horizontal pitch between columns - flat-to-flat +

gap = 2.165 + 0.5 = 2.665 cm

# Vertical pitch between rows - 0.75 * vertex-to-
vertex + gap (for staggered rows) = 0.75* 2.5 + 0.5 =
1.875 + 0.5 = 2.375 cm (or slightly adjusted for

stagger)

# Let's compute max columns (C) and rows (R):
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pitch_x - 2.165 + 0.5 # 2.665 cm

pitch_y -0.75*2.5 + 0.5 # 2.375 cm

# C columns require: (C - 1) * pitch_x + cell_width <-

40
# Let's solve for C:

# C * pitch_x - pitch_x + cell_width <= 40-> C* 2.665

<= 40+ 2.665 - 2.165 = 40.5
C - 40.5/ 2.665

print(f'Calculated columns: {C}")

# R rows require: R * pitch_y + margin <- 80
R - 80.0/ pitch_y
print(f'Calculated rows: {R}")
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total_count - int(np.floor(40 / pitch_x)) *

int(np.floor(8o / pitch_y))

print(f'Approx count: {total_count}")

# Let's refine with exact bounds simulation
results =[]
for c in range(1, 20):
for r in range(1, 45):

# width check: first cell takes flat width,

remaining c-1take pitch_x, plus borders?

# Let's assume total width = (c - 1) * (2.165 + 0.5) +

2.165 <=40

w_total = (c - 1) * (2.165 + gap) + 2.165
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# height check: r rows in honeycomb: first row

takes 2.5, subsequent r-1rows take 0.75*2.5 + gap?

# Or standard row pitch-0.75*D + gap = 0.75* 2.5 +

0.5=2.375
h_total - 2.5+ (r-1)*(0.75* 2.5 + gap)
if w_total <= 40.0 and h_total <= 80.0:

results.append((c, r, c *r, w_total, h_total))

# Print top results by count
results.sort(key-lambda x: x[2], reverse-True)
for item in results[:51:

print(f'Cols: {item[0]}, Rows: {item[1]}, Total:
{item[2]}, Width: {item[3]:.2f}, Height: {item[4]:.2

Calculated columns: 15.196998123827392
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Calculated rows: 33.68421052631579
Approx count: 495

Cols: 15, Rows: 33, Total: 495, Width: 39.48, Height:

78.50

Cols: 15, Rows: 32, Total: 480, Width: 39.48, Height:

76.12

Cols: 15, Rows: 31, Total: 465, Width: 39.48, Height:

73.75

Cols: 14, Rows: 33, Total: 462, Width: 36.81, Height:

78.50

Cols: 15, Rows: 30, Total: 450, Width: 39.48, Height:

71.38

NN
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python

import numpy as np

# Target: ~260-300 cells, let's find the exact cell

diameter when we target around 260 cells

# Let's test various outer diameters D (from 2.6 to

4.0 cm) with gap - 0.5 cm

# 1n a 40x80 cm tray.
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W _box = 40.0

H_box =80.0

gap = 0.5

best_match = None

min_diff = 9999

for D_test in np.arange(2.5, 5.0, 0.05):
w_flat - D_test * np.sqrt(3) / 2
pitch_x - w_flat + gap

pitch_y -0.75 * D_test + gap

# Try different columns and rows

for c in range(1, 25):
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for r in range(1, 40):
w_total = (c - 1) * pitch_x + w_flat

h_total = D_test + (r - 1) * pitch_y

if w_total <= W_box and h_total <= H_box:
count=c*r
diff - abs(count - 260)
if diff < min_diff:
min_diff - diff

best_match - (D_test, c, r, count, w_total, h_total)

print(f'Best match for target ~260:")

print(f'Diameter D: {best_match[o0]:.2f} cm")
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print(f'Cols: {best_match[1]}, Rows:
{best_match[2]}")

print(f'Total count: {best_match[31}")

print(f'Used Width: {best_match[4]:.2f} cm, Used
Height: {best_match[5]..2f} cm")

Ttext

Best match for target ~260:
Diameter D: 2.50 cm
Cols: 10, Rows: 26

Total count: 260
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Used Width: 26.15 cm, Used Height: 61.88 cm

NN\N

"~ python
# Wait, 10 * 26 = 260, but it used width 26.15 out of 40

cm. That leaves unused space on the sides.

# Can we increase the diameter D so that the 260

cells fill the 40x80 cm tray nicely?

# Let's write a search where we fix count around
260 and find the optimal D that fills closer to 40x80

cm.

best fill = None
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max_area_ratio =0

for cin range(s, 16):
for r in range(15, 30):
count-c*r
if 250 <= count <= 270:

# Let's solve for D given c and r to fit 40x80 cm

approximately
# w_total - (c-1) * (D *sqrt(3)/2 + gap) + D * sqrt(3)/2

<=40
#h_total-D + (r-1)*(0.75*D + gap) <-80
# Let's test D values for this specific (c, r)
for D_test in np.arange(2.5, 5.0, 0.01):

w_flat - D_test * np.sqrt(3) / 2
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pitch_x - w_flat + gap
pitch_y =0.75 * D_test + gap
w_total = (c - 1) * pitch_x + w_flat

h_total - D_test + (r - 1) * pitch_y

if w_total <= 40.0 and h_total <= 80.0:

# evaluate how well it fills the space (or closeness

to target 260)
if count >= 255: # close to 260

# Let's check how close width and height are to 40

and 80, or just maximize D
if best_fill is None or D_test > best_fill[01:

best_fill - (D_test, c, r, count, w_total, h_total)
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print("Best fill with larger diameter for ~260

cells:")
if best_fill:
print(f' Diameter D: {best_fill[0]:.2f} cm")
print(f'Cols: {best_fill[1]}, Rows: {best_fill[2]}")
print(f'Total count: {best_fill[31}")

print(f'Used Width: {best_fill[4]:.2f} cm, Used
Height: {best_fill[5]:.2f} cm")

Ttext

Best fill with larger diameter for ~260 cells:

Diameter D: 3.67 cm
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Cols: 11, Rows: 24
Total count: 264

Used Width: 39.96 cm, Used Height: 78.48 cm
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