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Abstract: Based on redundant method, a precise dispensing quantity gauging system was put forward, with
coalescence of the dispensing part mass difference or the average corresponding value of the masses of the part
before and after the glue dispensing and the ultra-infinitesimal lead/diameter ratio screw transmission to control
the variation of glue barrel volume precisely. A self-lubricating double guide rail design was developed to en-
sure dispensing quantity and control the glue drop strictly within (0. 20040. 001) g. By using modular design,
a high precision dispensing machine was realized with moderate flexibility. Through modular simulating proto-
type, the spatial structure and the reliability of dispensing machine were optimized. Experimental study shows
that the proposed solution can guarantee real-time controlling the dispensing quantity precisely, which meets
the requirements of the production rhythm.
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Nowadays dispensing machine is becoming more and more widely used in the production of me-
chanical and electronic products, and the research and application of the dispensing technology and the

methods are mainly concentrated in the control of the dispensing measurement, dispensing position,
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and the expansion of dispensing application scope. The quality of the dispensing machines largely re-
lies upon the controlling precision of the dispensing quantity measurement and dispensing position of
the glue. In the field of dispensing research and application, it is key and heart to improve the preci-
sion of the dispensing measurement and dispensing position of the glue. The higher precision of dis-
pensing measurement and dispensing position of the glue will even expand the application scope of dis-
pensing machine. In the aspect of dispensing precise measurement and control, choosing the appropri-
ate mode of dispensing to adapt to different application will improve the efficiency of the contact dis-
pensing.

Kipman'" provided an innovative strobe-based drop analysis equipment for non-contact dispensing
systems. Wang, ef al™and Bustamante, ef al"*) by using a vision location system in the glue dispen-
sing robot for improvement of the location accuracy and programmable logic control. Sprovieri-"! de-
veloped a high-speed automatic dispensing system for both the locating and positioning precision.
Kaburlasos, et al"™ adopted the Lattice-Computing ensemble for reasoning based on formal fusion of
disparate data types in an industrial dispensing application. Shenify, et al'®! estimated precipitation via
Support Vector Machine with discrete wavelet transform. Toh, er al'” presented three dimensional
adjustable cavity for flexible singulation of multiple medications in an automated medication dispenser.

Taylor™ managed to predict defection for droplet-dispensed UV nanoimprint lithography through
by fast simulation of resin flow at feature, droplet, and template scales. Zhao, er al'®’ designed a gan-
try robot for dye dispense and analysis of vibration of its synchronous belt driven and positioning sys-

{F°] improved drop-on-demand print head positioning with the analysis of influen-

[11]

tem, Kagerer, et a
cing factors droplet characteristics. Genevra, et al put forward an effective approach to designing
and construction of microcontroller based self-dispense detecting liquid dispenser that was able to de-
sign and construct the dispensing process for dispensing a particular liquid.

Three-axis dispensing machine positioning control system based on machine vision now has pres-
ented with high performance and high precision by control system, which can greatly improve in linear
and circular curve on the coating. A good solution was presented to the problem of low control preci-
sion and poor stability in the open-loop of traditional dispensing technology. Dutta, et al''* developed
an efficient system with the faucet device for both running mode and filling mode through embedding
an algorithm that integrates functions including data acquisition and management in a microcontroller
that dynamically computes and compares the amount of water being dispensed through the flow sen-
sor. Shankaraiah, ez a/"'* discussed the development of an android based smart automated fluid dis-
pensing and blending system through juice dispensing and blending application used in food processing

]

with three layers/'™. Hartford, et al/'® after comparison with OEB5, put forward VBE, indicating

the advantages of using an automated powder dispensing system in it for efficient handling and effec-

(M%) presented a novel modular liquid handling ro-

tive containment of potent compounds. Nouraei, ef a
bot to simplify and standardize FTIR sample preparation procedure including 96-channel liquid dispen-
ses head and input-output plates.

This paper takes the quality variation of the part or the average quality value of the dispensed part
before and after the dispensing is done as a comparison signal, and ultra-infinitesimal lead/diameter
ratio screw transmission controls the variation of glue barrel volume precisely. Based on redundancy
principle, using the combination of the quality difference and ultra-infinitesimal lead/diameter ratio of
Archimedes screw technology, with the self-lubricating double guide rail design, to realize the dispen-
sing quantity control with the accuracy of the glue drop within (0. 20040. 001) g. Meanwhile, the

modular design is done to realize the performance of the high precision dispensing machine and the

function of moderate flexibility. Through the modular manufacture simulation prototype, optimization
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is developed on the spatial structure and the reliability of the whole machine.
1 Dispensing Quantity Measurement and Control Theory Based on

Redundancy Method Section

1.1 Basic Physical Properties of Epoxy Resin AB Glues
Epoxy resins are used as the glues with certain physical properties several basic physical proper-

ties are listed in table 1.

Tab.1 Basic physical properties of epoxy resin AB glue
1 AR Y A T B

parameter value parameter value
density/g * em™* 0. 980 shear strength/MPa =>127.4
viscosity/ MPa 50~80 tensile strength/MPa =215.6
volatile matter/ % <1 dielectric constant 3.8~4.2

appearance brown transparent liquid volume resistance/ X 10" Q « cm =>1.3

hard degree (Shore D) =70 surface resistance/ X 10" Q =>1.2
water absorption/ % <0.15 withstand voltage/kV « mm™! >16~18

compressive strength/MPa =490

Striving to control the glue drop is (0. 2004 0. 001) g, glue point is a surrounding clean half
spherical; production rhythm is a glue point production process use 1 second in total for a circulation,
and the net dispensing time is 0. 2 second.

1.2 Principle of Mass Difference of Dispensed Part

In the process of dispensing, thanks to the properties of epoxy resin ab glue. In order to ensure
the precise points of control and glue mass. It is difficult to measure the point glue directly, but indi-
rect methods can.

Adopted the method of the dispensing parts mass variation before and after dispensing, cylindrical
tube and the parts mass variation before and after dispensing as control factor. The basic algorithm is
as follows

AM, = M, — M,,, AM, = M, — M,,. (D
Where M, is the mass of the glue tube before dispensing; M, is the mass of the glue tube after dispen-

sing; M,, is the mass of parts before dispensing; M,, is the mass of parts after dispensing. We take the

glue mass
M, = min{AM.,AM, ,(AM, + AM,)/2}. (2)
For calculating dispensing glue quantity, comparing it with the standard glue mass M, we have
AM = M, — M,. (3

The mass difference is used as the input signal to the next drop dispensing control.
1.3 Techniques of Ultra-Infinitesimal Lead/Diameter Ratio

Using the technology of ultra-infinitesimal lead/diameter ratio screw mechanism to measure the
dispensing quantity precisely. According to the screw axial displacement, we have

Ax = L « AG/360. (4

Where Af is rotation angle, AO=2 » As/d; As is the arc length corresponding to Af; L is the lead of
the screw.

Therefore, by controlling the arc length, the actual rotation angle is controlled, and still then the
screw axial displacement is controlled. From equation (3) we know that if to control the dispending
glue quantity is wanted to control precisely, one way may be used to the purpose: control the screw

axial displacement. And the control of the screw axial displacement may be done by the control of the
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rotation angle of it. In engineering, it is of ease to manipulate the arc
length instead of the control of the rotation angle. Therefore, we present
and adopt the ultra-infinitesimal lead/diameter ratio screw mechanism, as
shown in figure 1.

The screw of glue barrel driving screw is with the working diameter

of d, and lead of L. Then we have the lead/diameter ratio L./d<<e, where

e is a positive number, and the smaller the value of it, the more literal and
elaborate the relative distance in axial direction when the nut moves with  Fig.1 Ultra-infinitesimal
the same rotation angle of the screw. lead/diameter ratio screw

Therefore, the axial relative movement between the nut and screw is 1B SR AR 22 AT
more delicate with the same arc length when the working diameter is different. In general, mechanical
transmission e—=1/7. For the precise control of the dispensing glue quantity, and considering about
the production rhythm, e<{1/10 is taken as the ultra-infinitesimal lead/diameter ratio.
1.4 Integrated Algorithm Based on Redundancy Methods

With mechanical measurement, that is, through the controlling of the volume of cylindrical tube
to realize indirectly the controlling of the dispensing glue quantity

AM = ‘onrz Ax. (5)

At the same time, the mass difference of the parts measured by electronic scale before and after
dispensing is used to ensure precisely control of the dispensing quantity. Specific algorithm is M,,, =
min{ |M;,—M,.,|}. In here, M,,, means the real dispensing mass actually used; M, is a measurement of

the above methods; and M, is a preset ideal value.

2 Realization of Dispensing Precise Control and Systematical Analysis

2.1 Selection of Lead Screw Parameters for Ultra-Small Lead/Diameter Ratio

According to actual needs, working diameter of glue cylinder is ®»8 mm, driving lead screw work-
ing diameter is P80 mm, lead/diameter=1/10, lead L=8 mm, single start.

According to requirements of production rhythm, metering and dispensing a drop is within 0.2 s
in time and dispensing is 0. 2 g in quality. Therefore, the distance that screw walks in the axial is as
follows

AM 0.2
pmr® 1,03 X 3.14 X 0.4 X0.4

Ax = = 3. 86 mm.

The corresponding rotation angle and arc length are calculated below respectively

AJ = 360 % — 173.7° = 3.03 rad,  As— Aﬁ% — 121. 204 mm.

2.2 Design of Dispensing Needle With Two-Constituent Compensation

Under the piston working mode, the glue cylinder is designed with diameter of ®8 mm, and ball
hinge flexible connection is adopted between the driving lead screw and the needle cylinder piston. It is
desirable to ensure the piston inside the cylinder being matched with the cylindrical surface, and then
to drive the glue to work in the specified point. The basic structure of the needle is shown in figure 2.
2.3 Mmodular and Optimization Design of Whole Dispensing Measurement System
2.3.1 Driving Motor Stepping motor is adopted as the driving device for the movement of the
screw. The lead of the screw is designed with the value of 8 mm. Choose the motor whose step angle
is 1. 8% and if it turns in a complete circle then the number of pulses is: 360°+ 1. 8°=200. Now the
drive subdivision is done, and the step angle is equally divided into 8 parts, then each step of the mo-

tor is with 1. 8°+8=0. 225°, and turning a circle needs 360°=0. 225°=1 600 pulses.

http: // www. hdxb. hqu. edu. cn
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Fig. 2 Cylindrical dispensing needle structure with two-constituents compensation
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Determination of the motor parameter, the length of each step: lead screw with a lead of 8 mm
will move 8 mm every turn, and in each step it may have a linear movement; 81 600=0. 005 mm/
step.
2. 3.2 Connection Between Dispensing Machine and Production Line In order to ensure the produc-
tion rhythm and shorten the time of dispensing, as the production unit of circuit protector, dispensing
machine complete dispensing independently, meanwhile, dispensing parts in conveying mechanism,
and then conveying mechanism will move the parts to the next service position. For this purpose, a
dedicated accompanying fixture is designed. Under the premise of basic structural features, ensuring
the positioning and clamping of the parts, and then ensuring dedicated accompanying fixture in the or-
der of any two work positions.
2.3.3 General Control Chart Selection the needle tube diameter of working cavity is ®»8 mm, driv-
ing lead screw working diameter is ®»40 mm, double heads, working system with a lead of 10 mm.

From the formula (5), the distance of the needle cylinder along the axial direction is

) =
Considering formula (4), we have
A = 360 %. 7
The corresponding arc length is
As = %A@.

Where d in the formula is the driving screw working diameter, L is the lead of the screw.

3 Design of Mechanical Structure and Control System

3.1 Design of Lead Screw Mechanism Using Ultra-Small Lead/Diameter Ratio

Indeed, the parameters of the lead screw mechanism become the main parts in the design. In or-
der to obtain the high precision of the glue quantity in dispensing, the following are chosen for the
fundamental design parameters:

The screw diameter, d =280, the lead (here equal to pitch), L=8 number of the start, the range
of the linear movement of the nut, D=30 (adjustable). Ratio of the lead to the working diameter: e=
1/10.

Self-lubrication guide is employed so as to improve the performance of the movement and the pre-
cision for the glue quantity in the screw driving mechanism.

3.2 Design of Control System

The control system also can guarantee the realization of all the functions of the whole machine, a-

mong them, the most important is to guarantee the dispensing mass and production rhythm. Figure 3

shows the basic functions of the control system and the logical order.

http: // www. hdxb. hqu. edu. cn
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3.3 Overall Design of Dispensing Machine glue A hopper glue B hopper

package, therefore, in the production line requires the
. . . . . . temperature ——| A-B glue mixing tank
whole function is reliable, the action is quick and the | sensor |

structure is compact. For this purpose, applying sys-
drive screw

tem engineering principles in the basic function settings

Dispensing machine is used for circuit protector

. . . .. dispensing head - - - -| piston
and the overall layout, and the single objective optimi- ’ |<_ ‘ |

zation design is used in the function module, mean-

while, considering the organic connection in functional

Fig. 3 System function diagram

3 RUineA

modules, and realization of the overall dual optimiza-
tion. Under the premise of ensuring basic production
rhythm, realizing the measurement precision and dispensing position precision, and then to control the
quantity of glue drop is (0.20040.001) g.

3.3.1 Basic Function and Layout Based on System Engineering Principles In order to ensure the
dispensing mass and dispensing operation, in addition to the mechanism and device that measurement
of the dispensing mass and conveying glue to the designated space for dispensing. directly, it is also
essential to ensure the relative position of each component, to provide movement and power, and to
control all of the moving parts effectively. From the overall functional requirements, the dispensing
machine is divided to 6 parts: the structure frame of LLong men type, moving slide, beam guide, dis-
pensing working cylinder, motion and power system, and control system.

Clamping on dispensing parts in mobile skateboards, movement the moving slide in the direction

of X axis, and dispensing cylinder orthogonal installed in the beam guide, so it can make Y direction
linear motion along the cross beam. The dispensing work cylinder can also movement along with its
own axial direction. The composite motion of sliding board, beam guide rail and the working cylinder
dispensing, formed spatial instantaneous trajectory of the dispensing cylinder cusp and stagnation
point. In the control system, when this stagnation point in the parts coincides with the predetermined
dispensing point, the step motor will push the piston motion precisely in the working cylinder to real-
ize the process of dispensing. When the dispensing ends, the stepping motor will reverse the move-
ment, that is moving sliding board, beam guide and dispensing work cylinder back onto their initial
positions. In the process of the piston reverse motion in the working cylinder, glue is fed into. Thus,
a dispensing cycle is complete and ready for the next dispensing process.
3.3.2 Optimization Design of Function Modules Pertaining Glue Quantity The dispensing machine
in discussion consists of sliding board, beam guide, working cylinder of the glue dispensing and trans-
mission-controlling system installed on the gantry frame. Each function module is independent rela-
tively, supporting and guaranteeing the dispensing glue quantity. Every functional module uses opti-
mized design to ensure reliable function and quick reaction, according to the special task of its own in
compact construction. For the beam guide module, for example, the optimal design of it is as follows
with its basic function of supporting the dispensing glue screw mechanism and providing the accurate
position of the working needle.

Objective function is min f(X)=¢ « W(X), constraints is g(X)<Ca, h(X)<{b, and decision vari-
ables is X==0. In here, « is the weighing factor array, W(X) is the quality vector of the components
in each functional modulus, g(X) is the constraint of the stress condition, a is the limitation of the
stress, A(X) is the constraint of the rigidity condition, and & is the limitation of the rigidity.

Then, the mass-minimized beam guide is obtained with the prerequisite of guaranteeing its proper

function for the position of Y axis of the needle and supporting the lead screw. When the optimization

http: // www. hdxb. hqu. edu. cn
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problem belongs to linear pro-gramming problem, the simplex method may be used for the solution.
Otherwise, if the problem is nonlinear, then it may be solved by the penalty function method. The
optimization design methods of other functional modules are similar and here we do not give the unnec-

essary details.
4 Experiment and Result Analysis

The number of the experiment sample is 100 and some of the results are listed in table 2. Quanti-

ties of the components, quality of the glue drop, and the corresponding arc lengths are also given in

this table.
Tab.2 Some data of dispensing quantity measurement
2 BT R A B
serial number AM. /g AM, /g AM/g M, /g M, /g M,./g arc length/mm
1 0.221 0.212 0. 204 0.20 505. 31 505. 554 121.204+4.3
2 0.212 0. 202 0.218 0.22 505. 30 505.518 121.204+5.5
3 0.199 0.222 0.220 0.23 505. 32 505. 550 121.204+5.6
4 0. 201 0.199 0.209 0. 20 505. 33 505. 539 121.204+5.1
5 0.198 0. 205 0.202 0.22 505. 32 505. 551 121.204+5.4
6 0. 200 0. 220 0.217 0.21 505. 31 505.542 121.204+5.0
7 0.205 0.221 0.220 0.22 505. 33 505.552 121.204+5.6

Table 2 shows that it is feasible to control the dispensing mass based on the algorithm of the re-
dundancy technique. Single dispensing mass as feedback or comparison signal can reach requirements
of the dispensing mass control, but there are also exceeded the situations, for example, using AM, or
AM, alone, its dispensing mass extreme is beyond the permitted range. With the integrated algo-
rithm, the re-quirements of dispensing mass can fully be met. The above discussion and analysis re-

sults are confirmed by experimental study and simulation analysis.

5 Conclusions

The precise measurement technique of dispensing glue quantity with redundant method has put
forward, combining with the volume variation of cylindrical tube to control the quantity of the glue on
the dispensing part before and after dispensing indirectly. The deviation of the glue quantity change is
selected corresponding to the volume difference. The average value of both of the corresponding mass
changes or each value of the part quality is taken as the comparison signal to adjust the dispensing glue
quantity at any time, guaranteeing the dispensing quantity accuracy: (0.200=%0.001) g.

If the glue quantity limitation is required even more restrict then the precision ball-roller screw
mechanism may be used, instead.

The modular design technique is developed for the glue dispensing system as well as the whole
machine. In order to adapt to the different shape of the dispensing head and the variation of the glue
quantity, the dispensing machine carrier, dynamic system, control system and other structural func-
tion modules are optimally designed relatively independently. Then combined into the whole system,
in order to realize the different function of dispensing applications, every module can be adjusted, with

high reliability and high precision.
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