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Abstract: The AD and TRIZ are the important methods of conceptual design. A
planeness measurement equipment is analyzed and the finding problems are
solved through using the AD and TRIZ. In order to satisfy the new
requirements presented by production line to planeness measurement
equipment, the redesign of planeness measurement equipment is carried out by
using AD and TRIZ. The new conceptual design possesses many excellencies
such as higher measurement efficiency, lower work strength etc., and satisfied
the requirements of production line.
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1. INTRODUCTION

For the manufacturing industry enterprises, the quality and efficiency of
production line in manufacturing product is very important for competition
in the current market. In order to control the varying tendency of product
quality, it is a usually method that adopts special measurement equipments to
carry out on-line measurement for work-piece of production line. However,
in many small and medium-sized enterprises, there exist a problem that
results in the time of measuring one work-piece is much longer than one
manufacturing cycle when using on-line measurement equipments.
Therefore the operation of work-piece measurement is a bottle-neck for the
production line, which leads to not only not quickly to know the quality state
of work-piece, but also affect the efficiency of production.

For the planeness measurement equipment of work-piece, the total time
of measurement one work-piece includes adjusting work-piece position time
and measuring time. But most of the time is for the adjusting work-piece
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position, therefore, the problem is the main reason that affects the quality
control and production efficiency.

In this paper, the Axiomatic Design (AD) (.2} and TRIZ theory ®are used
to analyze and redesign the measurement equipment of work-piece planeness.

2. THE IMPROVEMENT DESIGN OF PLANENESS
SPECIAL MEASUREMENT EQUIPMENT

In many small and medium-sized enterprises, the tools of measuring
work-piece’s planeness are usually standard plate, height gauge, support
screw poles, and the measurement work is carried out by manual methods.
Due to the measurement method possesses some excellencies such as simple
in tool’s structure, low cost, so it is used widely. When measuring the
planeness of work-piece, the first step is to place three support screw poles
(P1. P2 and P3) on the standard plate, and then place the work-piece on
three support screw poles and lets the waiting measurement plane A face to
up. Before using the height gauge to measure the plane A, the position of
work-piece must be adjusted, namely through adjusting P1. P2 and P3 of
contacting with the bottom plane B of work-piece, the three measurement
benchmark points (M1, M2 and M3) on plane A have to be on the same
height relative to the standard plane, as shown in Fig.1.

Benchmark Height gauge
Plane A point

Standard
plane

Support M2 Pl-h-
screw pole (
/ P2 P3 Plane B

Figure 1. The measurement method of planeness
2.1 The problems description

In order to cause the three benchmark points have the same heights by
adjusting the plane A, then need to adjust the three support screw poles. But
because adjusts anyone vertical position of support screw pole, it will affect
the vertical positions of three benchmark points simultaneously, thus must
have to adjust the three support screw poles repeatedly, and result in the
preparative time of adjusting workpiece’s position occupies mostly the time
of entire measurement process, so the efficiency of measurement is very low.
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2.2 Using the AD to analyze the measurement equipment

According to the AD theory, In order to obtain the leaf level FRs and
DPs of hierarchy, the zigzagging mapping and decomposition must be
carried out between the FRs and the DPs of upper level 2.

On the level 1, the FRs, Cs and DPs of the planeness measurement
equipment are described respectively as:

FRy: Measure the planeness of plane A.

Ci1: Speedily adjust the plane A to parallel with the standard plate.

Ci2: Apply the manual adjustment equipment.

DP,: The measurement equipment of plane A.

According to the AD, the level 1 design equation can be expressed as:

{FRo}=[4kDR} ()

The FRs and DPs of level 2 are described as:

FR;: Adjust the vertical position of point M1 on the plane A.

FR,: Adjust the vertical position of point M2 on the plane A.

FR;: Adjust the vertical position of point M3 on the plane A.

C,i: In order to enhance measurement precision, the benchmark points
M1, M2 and M3 must be dispersed and closed the brim of plane A.

Cy: The three support screw poles (P1. P2 and P3) can be moved only
in the area F, as shown in Fig.2.

_________ Plane B

i F ) S

Figure 2. The situation of plane B
DP,: Using support screw pole P1 of contacting with plane B.
DP,: Using support screw pole P2 of contacting with plane B.

DP;: Using support screw pole P3 of contacting with plane B.
The design equation of level 2 can be written as:

FRI Al] A12 A13 DP]
F. R2 = A21 A22 A23 DP. 2 (2)
FR3 A3l A32 A33 DP3

For equation (2), the design matrix [A] can be expressed as:
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When using the measurement equipment to measure workpiece, the
relations between positions of three measurement benchmark points of plane

A and the positions of three support screw poles of contacting with plane B
are shown in Fig.3. In Fig.3, the letter symbols are indicated as:

h2 1\<

h13
M3

h12 Wz
M2

w32 \L/m

Figure 3. The position relations of three benchmark points and three support screw poles

h, is the distance of P1 reaching the P2 and P3 line.

h, is the distance of P2 reaching the P1 and P3 line.

hs is the distance of P3 reaching the P1 and P2 line.

A, hiy and Ay are the distances of benchmark points M1, M2 and M3
reaching P2 and P3 line respectively when adjust the support screw pole P1.

hy1, hyy and hy; are the distances of benchmark points M1, M2 and M3
reaching P1 and P3 line respectively when adjust the support screw pole P2.

hs1, h3y and hs; are the distances of benchmark points M1, M2 and M3
reaching P1 and P2 line respectively when adjust the support screw pole P3.

According to the design matrix’s elements formula 4; = 0FR;/0FR, 2
the elements of design matrix [4] may be determined as:

Ay =hylhy Ay =-hylhy Az=-hy/h
Ay =—hy Il Ay =hylhy Ay =-hylh
Ay ==hslhy Ay =-hyylhy A3 =hy3/h

In terms of the design matrix’s elements above, the design equation of
level 2 can be expressed as:
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FR, hy/hy —hylhy ~hsylhy|[DP
FRyp=|~hpp/hy  hoyplhy —hyfhy gDPyr (4)
FR3 _hl3/hl _h23/h2 h33/h3 DP3

Because the design matrix’s elements 4;; of design equation (4) are all
nonzero elements, so that the design of level 2 is a coupled design, it does
not satisfy the independence axiom "% and need to decouple.

2.3 The coupled design of measurement equipment
decoupling and improvement

For the design matrix’s elements Aj; of equations (2), if lets the 4;=0
except i=j, namely 41, = h13= hy1= hy3 = hs; = h3,=0, then the design matrix [4]
is become a diagonal matrix, and satisfies the independence axiom. For this
example, i.e. must lets the positions of three support screw poles superposing
with the positions of three benchmark points respectively.

Due to the design of measurement equipment exists C,; and Cy,, so these
positions can not be superposed between the three support screw poles and
the three benchmark points, which exists a contradiction in the decoupling
process. For the coupled design can not be decoupled directly, therefore it
needs to use the TRIZ to eliminate the contradiction.

Because exists a contradiction, so causes the positions of three
measurement benchmark points can not be adjusted one to one with three
support screw poles, and results in adjusting repeatedly and need a long time.
Thus the first characteristic is described as ‘Loss of time’ by using 39
characteristics of TRIZ™, The distributive positions of support screw poles
are restricted by C,;, and then using the 39 characteristics to describe the
second characteristic is ‘Length of a stationary object’. Because the
contradiction relates to two different characteristics, so the contradiction
belongs to technical contradiction .

For solving this technical contradiction, the inventive principles No.30,
24, 14 and 5 can be obtained by using the contradiction matrix'® "' of TRIZ.
Though analyzing, the inventive principle No. 24 can be used, namely No.24
is a principle solution. The content of No. 24 is ‘Mediator’.

In this real example, the ‘Mediator’ is a piece of segregation plate, and
placed between three support screw poles and plane B when the workpiece is
measured. Thus the distributive positions of three support screw poles can be
superposed with three benchmark points (here 4,;=4,,=A433=1), and the area
E of plane B can not be destroyed simultaneously, as shown in Fig.4.

The additive segregation plate is a field solution of using the principle
solution ‘Mediator’. In the scheme of improving design, when adjusts the
vertical position of anyone support screw pole, then only affects the vertical
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Figure 4. The conceptual design of measurement equipment after improving

position of corresponding measurement benchmark point, therefore the time
of adjusting workpiece’s position can be shortened.

The improving design of the measurement equipment is an uncoupled
design, and the design equation is written as:

FR, 1 0 ol]/DP,
FR2 = 0 1 0 DP2
FRy| |0 0 1]|DP,

3. THE NEW DESIGN OF SPECIAL PLANENESS
MEASUREMENT EQUIPMENT

When measures the workpiece, because the work of putting in and taking
out the workpiece from measurement equipment is performed by manpower,
so the planeness measurement equipment improved design above is suitable
for the production line that only produces pint-sized or light weight products.
But for the production line that produces the good-sized or heavier
workpieces, it will cause the inspector to be borne heavy load and the
measurement time will be protracted. So the measurement equipment
improved must be redesign in order that the measurement equipment suitable
for heavy workpiece production line.

3.1 The framework model of new planeness measurement
equipment

Conveying the heavy workpieces when measurement is not suitable for
manpower. Therefore, there is a contradiction between the operation method
of using measurement equipment improved and the design constraint that for
the heavier workpiece must avoid conveying by manpower, and this
contradiction can be described by 39 characteristics of TRIZ as:

The worsening characteristic is No. 2: ‘weight of a stationary object’;

The improving characteristic is No. 37: ‘difficulty of detecting and
measuring’.
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Clearly the contradiction belongs to a technical contradiction, and can
obtain 4 commending inventive principles from contradiction matrix, i.e.
No.6, 13, 28 and 1.The inventive principles No.13 and No.1 can be used by
analyzing. The content of inventive principle No.13 is ‘The other way round’,
and the content of inventive principle No.1 is ‘Segmentation’.

For this real example, the principle solution No.13 ‘The other way round’
can be understood and described as: when measures the planeness of
workpiece, the operational method is to convey the measurement equipment
instead of workpiece; the principle solution No.l ‘Segmentation’ can be
described as: when measure the workpiece’ planeness, the measuring tool is
a multi-gauge system instead of a height gauge.

According to the inventive principles No.13 and No.1, the framework
model of new planeness measurement equipment can be illustrated in Fig.5.

Measurement Measurement
Meter Equipment

Workpiece 3
Plane A

A

Measurement
Head

Figure 5. The framework model of planeness measurement equipment

3.2 Describing for the FRs, Cs and DPs of new
measurement equipment

In order to suit the production line of producing good-sized or heavy
weight workpiece, the FRs, Cs and DPs of measurement equipment need to
redefine and need decompose between FRs and DPs.

At level 1, the FRs, Cs and corresponding DPs are expressed as:

FR,: Measure the planeness of plane A.

FR,: Measurement process can be carried out advantageously.

Cii: Use the manual method to measure workpiece.

Ci2: Only convey the measurement equipment.

C,3: The work strength is low in measurement process.

DPy: Using the special planeness measurement equipment.

DP,: Using the maneuverable special measurement equipment.

According to the AD theory, the design equation of level 1 is:

{Frt=s o)
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At level 2, the FRs, Cs and corresponding DPs are expressed as:

FR“I

FR[zl
FR2|Z
FR222
FR23Z

Cs:

DP“:

DP]QI
DPQ]:
DP22I
DP23:

According to the shape and size of plane A determine the quantity

and position of collecting measurement data.

The structure of measurement equipment possesses high stability.
Obtain the measurement data easily.

Calibrate the measurement equipment easily.

Convey the measurement equipment easily.

Equal to Ci1, Ciz2 and Cis.

The measurement equipment that distributes the measurement
points reasonably at the proper positions of plane A.

Using the rigid structure to prevent distortion.

The measurement equipment can display measurement data.
Special calibration device.

Using a pair of handles structure.

The design equation of level 2 is:

FRy| _[x 0]/DA,
FR,[=|0 x|\DP,

FRy | [x 0 0][DPy
FRy¢={0 x 0k DPy,
FRy) [0 0 x]{DPy;

At level 3, the FRs, Cs and corresponding DPs are expresses as (in here
hypothesize the new measurement equipment distributing 10 waiting
measurement points on the reasonable positions of plane A):

FRy01: Collect the measurement data at reasonable position 1.

FRyp,: Collect the measurement data at reasonable position 2.

FRyyy0: Collect the measurement data at reasonable position 10.

Cs: Equal to Cy;, Cy; and Cys.
DP o, Installing a special meter to display measuring data at position 1.
DP,: Installing a special meter to display measuring data at position 2.

DPyo: Installing a special meter to display measuring data at position 10.
Through decomposing FR;; and DP;,, the design equation can be
expressed as:



Study on Integrating Application Method for AD and TRIZ 429

FR _[DP
R x 00000000 0]pp'™
R“020xooooooooP“°2
103 10 0 x 00 0000 O 1103
Rioal 10 00 x 00000 0PPros
<Rno5>=0000)(00000 P1105
Ryos[ 10 0 0 0 0 x 00 0 O|DPy0s
FRypp| [0 00000 x 00 0fipp, -
R 0000000 x00|pp
FRHOS 0000O0O0O0GOTXO P“08
19| [0 0 0 0 0 0 0 0 0 x 1109
Rio) — “(DPiyo

The results of decomposing FR;, and DP, are as:

FRyy: The main body of measurement equipment has no distortion.

FRi»: When measure, the measurement equipment’s position keep
invariability relative to the plane A

FRyy;: Can install the measuring meters.

DPy;: The main body of measurement equipment can be made of high
strength material as carbon steel or aluminium alloy etc.

DPy,: Using three rigid and fixed support poles.

DP,3: Using the structure that can install the measuring meters.

By decomposing FRi, and DP\,, the design equation can be obtained:

FRy | [x 0 0][DRy
FR» =10 x OJDP
FRy| [0 0 x||DAx

The results of decomposing FRy; and DP,, are as:

FRy,,: Can display the measurement data.

FRy1,: Can read the measurement data easily.

DP;\;: Special measuring meters.

DPy1,: The dial of measurement meter face to up (see Fig.6).

By decomposing FR,; and DP,,, the design equation is expressed as:

FRy | _[x 0][DPRy,
FRy) 0 x]|DPy,

Calibrating Plane

Figure 6. Special measuring meter Figure 7. The calibrating plate
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Using the same method to decompose the FR,; and DP; as:

FRy: Can provide the benchmark data.

FRyy,: The 10 measuring meters can be calibrated synchronously.
DPy,,: Using the calibrating plate (see Fig.7).

DPy: The calibrating plane that possesses proper shape and size.
Via decomposing FR;, and DP5,, the design equation is expressed as:

FRy | _[x 0]]DPyy
FR222 - 0 X DP222

Because of the FR,; and DP,; are at the leaf level already through
decomposing above, so they will not be decomposed continually.

The function of calibrating plate is to calibrate 10 measuring meters
synchronously before measuring planeness of plane A. The process of
measurement planeness is first putting the measurement equipment on the
calibrating plane to regulate the 10 meters ‘zero’, then places the calibrated
measurement equipment on the plane A of workpiece, the maximum
difference value of the showing data of 10 measuring meters is the planeness
value of plane A.

The new conceptual design of measurement equipment has 18 leaf level
FRs and 18 leaf level DPs through decomposing. The corresponding
relations of these leaf level FRs and DPs are shown in Table 1.

Table 1. The relations of leaf level FRs and leaf level DPs.
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Note:
1. The design of measurement equipment’s rigidity should be carried out after the positions
and assembly structure of 10 measurement meters were determined.
2. Before determining the shape and size of calibrating plate, the installing positions of 10
meters on measurement equipment body must be considered.
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In the Table 1, the shadow parts indicate the corresponding relations of
the leaf level FRs and leaf level DPs that obtained from the same one design
equation; no shadow parts indicate the corresponding relations of the leaf
level FRs and leaf level DPs that obtained from the different design
equations. If there exist correlations between the leaf level FRs and leaf level
DPs in the no shadow parts, then the existing correlations can be considered
as design constraints %,

For measuring heavy weight or good-sized workpiece, in order to assure
measurement precision, measurement time and decrease work strength, on
the foundation of original design, several new FRs and Cs are added, and a
new conceptual design of measurement equipment is obtained.

The added FRs and Cs in the new conceptual design are as:

FR,: Measurement process can be carried out advantageously.
Cjz: Only convey the measurement equipment.
Ci3: The work strength is low in measurement process.

The new conceptual design of measurement equipment is illustrated in

Fig.8, and its characteristics are:

Special Measurement Measurement
Meter Equipment

Workpiece
Plane A

Measurement
Head

Figure 8. The new conceptual design of measurement equipment

(1) The measurement process is rapid and the efficiency high.

The new measurement equipment is a multi-meters device that may
measure many points on the plane A synchronously.
(2) To calibrate the 10 meters is easy.

When calibrating the 10 meters of measurement equipment to ‘zero’, it
only need one time through using the calibrating plate.
(3) The strength of measurement work is low.

In the phase of detail design, the measurement equipment’s designing
must satisfy the requirement of proper weight.
(4) The Applying scope is wide.

The new measurement equipment is not only suited for measuring the
planeness of heavy weight workpiece, but also for measuring the planeness
of light weight workpiece. The new conceptual design of measurement
equipment is an uncoupled design, which solved the bottle-neck problem of
measurement process as well as satisfied the requirements of production line.
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4. CONCLUSION

(1) The AD and TRIZ are important methods for conceptual design. Using
the design equations of AD can survey the conceptual design whether
existing ‘coupling’ problem or not, so the AD can make the designer
rationally judge the design, and provides a powerful tool for designer to find
the good design.

The TRIZ provides an effective tool for designer to solve the

contradictions of design process, and designer can obtain the anticipant
design quickly by using the TRIZ to solve the coupling problems in AD
process. So the powerful design method is formed by integrating the AD and
TRIZ.
(2) An improved design of workpiece planeness measurement equipment is
carried out by using the AD and TRIZ. In order to expand the applying
scope of measurement equipment, the contradictions among the new FRs, Cs
and DPs must be solved. A new conceptual design of measurement
equipment is obtained by using the AD and TRIZ and can Satisfy the
requirements of production line.
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