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Abstract. The author of this paper solves the problem about the designing parameters of folding table,
comprehensively use projection method, the numerical calculation, physical analysis and solution of
triangle method, and establish the optimization model for the design of the processing parameters.
Simplify the table structure into line segments, and then get the wood structure of triangle relation by
the projection method. Last solve the triangle by the cosine theorem; According to the principle of
stability and degree of processing, minimizing the total length of slots as the optimization target,
reinforced location as constraint conditions, and then, appropriate optimization model is established,
the problem of folding tables for designing process parameters is solved

Introduction

Desktop of creative folding table assumes the circular, table legs as the hinge of the activity can be
splitinto a flat, it’s convenient and beautiful. But so far the study of folding table is how to effectively
use or save space ™, others from the perspective of industrial design, the three aspects of the structure,
material, function of the folded product features are summarized ', but the lack of guidance of
folding table parameters in the design. Others about the design of the folding table parameters
abstraction table into simple mathematical structure, ignoring the actual production materials to the
design requirements. For example in literature 3, the unconstrained optimization model is established
to solve the parameter, without considering the thickness of the table legs as the effects of designing
parameters of flat folding table.

This paper folding table design requirements of good stability, material minimum principle, and
considering the actual situation and the universality of the model, for a given height and diameter
round table, folding table to slot with target of minimizing the total length, reinforced position as
constraint conditions, the optimization model is established, rectangular plate materials are presented
and folding table of the mathematical model of optimal design of the processing parameters and
procedures. This has more practical reference value.

The Assumption of Model

1. There is no gap between table legs, the sum of all the table leg width is the width of the desktop.
2. Table material used for wood, the specification is consistent, uniform thickness and the same.
3. Table pressure within the scope of legs compressive ability, regardless of the legs bent wood.

Optimization model for the design of the processing parameters

Base on the slenderness ratio of wood width ™. Slenderness ratio refers to the calculation of bar
length and the ratio of the radius of gyration of bar section. The slenderness ratio shall be calculated
on the formulat = (\/ﬁlo)/ﬂ. We can see from the formula that slenderness ratio of bar with only

calculate the length and the width of section. According to the GBJ 5- 73™ specification for design of
timber structure selection standard, the slenderness ratio of compressive bar should comply with the
regulations of the state, rods of the same material slenderness ratio is the same.
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Because the outermost wood is the main bearing structure, as long as the outermost wood
slenderness ratio within the rules. Known lateral batten is 52.19 cm long, 2.5 cm wide, the actual
length should be multiplied by the coefficient of 0.8 for the calculation of batten length, and plug type
to get slenderness ratio bars made of this kind of plate material is 57.85. So make sure the outside

piece, batten length can get wood width 3 = (v12 x 0.81) /57.85.

The angle between the outermost table leg and desktop. When considering the design’s stability,
first of all should make sure position of the outermost table legs. This article will remove auxiliary
reinforced structure, mechanical properties ensuring table form the basic structure of the framework
is shown in figure 1, the picture (a) is the main view, the graph (b) is top view, the circular projection
area to the desktop, consisting of rectangular area as the lateral leg area. Literature [5], the legs in the
vertical direction projection of a rectangular area including desktop area, the table structure, steadily
when legs cut inside and desktop projection of the region composition, legs and desktop Angle is the
largest, desktop diameter and the height of the table must have, at this time the lateral length of the
shortest batten, supplies at least.

(a)front view - (b) top view
Fig.1 Stress the basic structure of the table view
At the lateral batten hinge point to the center distance of desktop isb, = \/402 —(40-0.55)% , set

the desktop height is h, desktop diameter D, table still is 3 cm thick, the most lateral batten with the
Angle of the desktop is « = arctan|(h-3)/(0.5D -b, )]. For all kinds of the legs of the table, the above

rules are set up, so most of the lateral batten length is: 1= (h-3)/sin a.

The optimization model of design processing parameter of creative flat folded into a table.

The tablet size. Set the desktop height is h, desktop diameter D, wood width for f, each side of the
table to the total number of wood for N=2n=80/f (root). According to the formula

b, = \/rz —[0.58+ B(i—1)J to calculate the lateral batten and desktop vertical distance to center of
the circleb,, r is the radius of the desktop. The lateral batten reasonable length is known to
I =(h-3)/sina, so machining the long rectangular plate of the table for 2(b, +1), the size of the plate
material to 2(b,+1) cm x D cm x 3 cm.

The determination of reinforced location. The model’s optimization goal. Set p as distance

from the outermost wood to reinforced the position of the hinge at the desktop, d; is slotted length by
wood i, W for the quantity of slot. Slot thickness to a certain value of 4, the 4 is based on a fixed value,
so in the optimization model can not consider A, and directly to the slot length is the sum of the

minimum as the optimization goal. Therefore, to establish the optimization goal is minW = Zi":ldi .
According to the figure 2, calculate slot length in the following formula.

a, =b,—b,

b, =r*—[0.58+ B(i—1)T

¢, =+a’+ p?—2pa cosa

1)

di=c¢-(p-4q)
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Fig.2 Table leg structure projection drawing
The model’s constraints. Observe batten in longitudinal and cross section can be seen that the
direction of the projection reinforced location can not be infinite close to the outside piece, otherwise
some wood in the inside of the slot will beyond the end of the wood, not fixed. Therefore the
maximum length of the p is limited by the medial batten length. So when the ends of the innermost
wood connected with reinforced obtained, get the maximum value of p. When

c =\/af+ p’-2pa,cosa =1-a,solvep,, .

By the same token, reinforced location in a shortest batten with desktop hinge, reinforced position
at this time to the lateral batten hinge is equal to the longest and the shortest distance difference in the
length of sticks, namely p..=a . So the reinforced location as constraint conditions

iS pmin < p< pmax'
Reinforced location optimization design model. Considering the above objective function and
constraint conditions, then we can get optimal design for reinforced location planning model.
n
minW =>"d,
i=1

a, =b,—b,

b, =r*—[0.58+ B(i—1)T
¢, =+a’+ p?-2pa cosa
d=c—-(p—-q)

S't'pmin < p < pmax

Using MATLAB [ to solve the model (2), get the total slot length as a function of reinforced
location diagram is shown in figure 3. According to the regulation ', reinforced position to the
shortest distance of the end of a piece of wood should not be less than 8.4 cm, from figure 3 know, W
and p to monotone decreasing relationship, so when the reinforced location to the end of the shortest
wood is equal to 8.4 cm, the largest p, W minimum objective function of optimal results.
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Fig.3 W and p diagram
The optimum design of folding table processing parameters solving process. To sum up,
given the height of the table h and circular diameter D, desktop can work out the optimum design of

plate materials and folding table processing parameters, solving process as shown in figure 4.
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The lateral batten

h-3
IengthL' = m
\Alidth Af aarh wwinn AR — mﬁ

) v
Wood and desktop hinge to desktop center vertical distance (r=0.5D) b; = /v*—[0.58 + £{i — 117" ]

b I
When i=n, the length of the ﬂhe optimization model of \

- Use p, calculate slot length d;
| Material 2(1+b,)x 2 } reinforced location Po gth &
+ ) n a; = b; — b,

p minW =" d, : - "
The size of the plate a :b.fbld bi=4r*—[0.58+5(i—1)]°
material Lo ——

\ bi=\/r2—[0.5,6+/3(i—1)]2 £; = 1"!r:f+j':l‘ —2pa;rosa

c, =+a’+ p®—2pa, cosa . ) )
kdi_Ci_(p_ai) J K /
[ The optimal location of reinforcement is the solution of ]

Fig.4 For the optimum design of plate and folding table processing parameters of flow chart

Conclusions

This article through to simplify the table structure into several segments, projection method is used to
get the wood structure of triangular relationship, facilitate mathematical analysis and calculation, got
the optimal design of the table processing parameters. In optimization model, the definition of
slenderness ratio are batten in proportion to the width and length of relationship, conform to the
requirement of practical production, the results of the model is accurate and reliable.

This paper mostly uses the basic knowledge and understanding of geometric calculation and
knocking down to resolve the problem, thinking is concise, the method is effective. And reduction on
the model by mathematics, based on the analysis of the stability of the structure of desktop table
design parameter of the optimal solution, easy to analyze the rationality of the table under different
design conditions, this method can be applied to other structure design of furniture.
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