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Abstract
Surface mount technology is a method of applying lead solder to PCB pads, to)fix
Surface Mount Device (SMD) components on PCBs. SMT facilitates the pi the

electronic component and accurate placement on PCBs. Heads and nozzjes ach axis
use suction cups to pick up electronic components from tapefeeders. T, onents are
inspected before a vision camera to check pickup loc '%\d alig@ and then are
moved to PCBs waiting on the conveyer for placementQ y

This paper presents an algorithm that identi shor st from sLa to pLb
without stopping before the camera for visual ms on. T tions verified that the
fly motion method reduced the time involved % comp the stop motion method.
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1. Introduction

All electronic productsgﬂade b clng electronlc components on PCBs.
Electronic devices are b prod n explosive rate with the emergence of
personal electronic, p S such oblle phones and wearable devices. High-
performance fabr eqU|pm nt IS required to meet the increasing demand, and
extensive resear m\ed to ensure optimal performance.

Surface r hnolog ethod of applying lead solder to PCB pads to fix
SMD comp nts su chips, semiconductors, switches and connectors onto
PCBs. Once SMD co ents are placed on the PCBs, they are conveyed into an
oven to harden the paste which holds the components in place [1].

Some method hancing SMT include faster component pickup, using a more

lightweight gan or faster travel, faster vacuum breaking during placement, and
utilizing e?gi—g.u-use equipment

This s roposes a method of identifying the fastest path for components to be
pic (@ t the feeder and to travel to PCBs for placement under a structure with a
i antry speed and acceleration.

2. Related Work

Productivity in SMT is expressed in terms of chips per hour (CPH), which is the
number of chips placed on PCBs in an hour. Many studies have attempted to
improve the pickup speed, the speed of visual inspection, and the placement speed
of various SMT machines [2].

In general, the SMT placement process consists of the following:

(D Pickup of electronic components

@ Moving to camera position

(3 Camera visual inspection

@ Moving to PCBs
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(5 Offset adjustment based on visual inspection results

® Placement of components

(@ Moving to the next pickup position

Here, the proposed method of improving productivity in SMT machines is to
shorten the existing overall time by combining @ and 3.

Another method is to carry out @, 3 and @ at the same time.

In other words, visual inspection is performed while the components pass by the
camera instead of stopping before the camera. The time saved by eliminating

stopping contributes to higher productivity [2].
This study proposes a method of finding the fastest path, when the path is of the

sLa-Camera-pLb type, as shown in Figure 1, without stopping before the camera for
visual inspection. K)

Feeders
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Figure 1. (Sla@werei@éovmg Path
2.1. Characteristics and Opg&%f:ondlt on }(Sla Camera-PIb)
The characterlstlcs of (sLa—c mem‘ I}ﬂb) type are as follows.
@D The dlrectlon chang e X-axis.

@ The x- aX|s r than axis for the distance from the pickup to the
camera (x>y).

@ The ‘ Ionge\@ he x-axis for the distance from the camera to

placement (
The input condltlonénsfymg the (sLa—camera-pLDb) type are shown in Table 1.

& Table 1. Input Conditions

Atgm X axis Y axis Unit
M city 2.0 2.0 m/sec
leration 3.0 2.0 g
[m/sec”2] 9.81 9.81 m/sec”2
%ax Acceleration 29.43 29.43 m/sec”2
Pickup Position -300 -150 mm
Camera Position 0 0 mm
Place Position -40 200 mm

2.2. Components Stopped Before Camera for Inspection (Stop-Motion)

The velocity graph of the stop-motion mode, which involves components
stopping before the camera, is presented in Figure 2.
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Figure 2. Velocity Graph of the Stop-Motion $)
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From the moving path in Figure 3, we can see that the velocit
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: Fig%gé. Moving Path of the Stop-Motion

The trajecto@% stop-motion path shows that the time taken to travel from

component pic 0 the camera is 0.218s. In this case, the x-axis takes a longer
time than y-axis. The time from the camera to placement is 0.168s, with the y-
axis takea ger time than the x-axis. As such, the total travel time is 0.386s.axes.

2 onents passed By Camera Considering Distance in X and Y Axes
(F otion)

Under the Flyl-Motion mode, the components pass by the camera without
stopping. The velocity graph is shown in Figure 4, and the y-axis velocity exists
since the components do not stop before the camera. The moving path of the Flyl-
motion mode is presented in Figure 5 [13,14,15].
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. Moving Path of the Flyl-Motion

The time taken
the x-axis, whil
The time

vel from component pickup to the camera is determined by
-axis velocity is determined by the distance traveled and time.
n to travel from the camera to placement is determined by the y-axis.

s velocity at the camera is not zero, this method is less time-
han the stop-motion mode, in which components accelerate from 0 at
a position.

th
%n s (distance traveled) = 0.15m and t (time) = 0.218sec, the y-axis velocity
when passing the camera can be calculated as follows.

Since s=h- t/2, h (velocity) =2+ s/t =0.3/0.218 = 1.376147m/s.

The y-axis time from the camera to placement is obtained by solving for t (time)
using the given h (velocity) in Figure 6.

Here,

« s (distance traveled) =d +e + f

* V. maximum velocity

* j: acceleration

« h: final velocity

X (acceleration time) = v/j (1)
z=(v-h)j (2)
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t=x+y+z 3)
d=v- x/2 (4)
e=v-y (5)
f=h- z+(v-h)- z/2 (6)
s=d+e+f @)
S=v- x/2+v- y+h- z+(v-h)- z/2 (8)
y=(s-v- x[2-h- z-(v-h):- z2/2)Iv (9)
s=0.2m

j =29.43m/s?

v =2m/s

h=1.376147m/s
X =2/29.43 = 0.68

7 = (2 — 1.376147)/29.43 = 0.021 62
s=d+e+f o
When (4), (5) and (6) are substituted into the abov Aé)g @

S=v- xl2+v- y+h- z+(v-h)z/2.

%0 x\’

As such, t (time) = 0.137s. %
The components take 0.168s when @ratmg fr to travel 0.2 m, but 0.137
when beginning at a speed of 1.3 @m @:Iyl Motion mode shortens the

overall time by 0.031s. %\

3. Fly2-Motion Method

The above comparl the S t|on mode and Flyl-Motion mode showed
that less time |s en co ts pass by the camera at a higher speed. A
faster velocity c btalne |ng m (distance) and t (time). Here, distance is a
ime | ined by the axis.

The velo raph of posed Fly2-Motion mode is shown in Figure 6. This

method obtains a h|g eed within the given time by moving in the opposite
direction. The resul oving path of the Fly2-Motion mode is given by Figure 7.

—— f2X aXi$

e f2Y 2Xi$

Time(mSec)

2 4 Camera Position

Figure 6. Velocity Graph of the Fly2-Motion

The time taken from pickup to the camera is 0.190s, and the time from the camera
to placement is 0.135s, amounting to a total time of 0.325s.
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When d (distance) = 40mm, h (initial speed) = 1.5831m/s, and t (time) = 135m/s,
we can use the graph of [Figure 8] to calculate j (acceleration).

Moving trajectory

Figure 7. Moving Path of the @a/\otlon

Input conditions:
« d (distance traveled) = -0.04m (opposite_di on) x
o t (time) = 0.135s

« h (initial velocity) = 1.176m/s '

s and e have the same deceler%@adle%\z)

» X = s (distance moved d

« y = e (distance moved y) %
ep=k/i2=h- y/2- x© \

t:x+y &

s=x- h/2 (2)
(acceleWh/x 3)
k=h-vy (4)

p =k/2=h- y/2x (5)

e=p yl2=h %e (6)
d=s-e ,& (7
By subg&ng (1) into (6),

e 4=® 2[4x (substitute ‘y = t—x’)

=Na{t - x)?/4x
(h t2-2h- t- x+h- x?)/4x
By substituting (2) into (7),

d =s-e

=x- h/2-(h- t2-2h- t- x+h- x?/4x
The above is then solved for x.

4d- x=2h- x2-h- t2+2h- t- x-h- x2
h- x2+ (2h- t-4d)- x-h- t2=0

x = (-(h- t—2d)y+V((h- t-2d)2+h2- t2))/h
j (gradient) = h/x(0 < x <t)
" j (gradient) = 28.833m/s?
t (time) = 0.135s
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(m/sec)

Figure 8. h Velocity Graph

Cov

Under the proposed Fly2-Motion mode, the x-axi$has a veloCity jat the camera
position, and components decelerate and pass the 26m gajnt Joefore returning.
The time taken was 0.028 seconds faster with & spéed of m/s¥from pickup to the

camera, and 0.002s faster with a speed of 135 arom tf{&é

era to placement.
4. Comparison of Three Method" Q %

Using the conditions of Table 1@ thr N@s were compared, as shown in
Table 2. ﬂ@ iy\
Table 2. Ré L%Of Fly2-Motion
o \ y

Total Di e o Velocity of Camera position
Mode (/sec 4(m/Sec) /o X Y
Stop-Motion 386 A - - 0.00 0.00
Flyl-Motio QSS Q 31 8 0.00 1.38
FIy2-M0ti0;(v 325 > 61 16 1.19 1.58

The x-axis was lo an the y-axis when traveling from the pickup to the
camera, and vice ve% en traveling from the camera to placement. At the camera
position, the vy- elocity and x-axis velocity were 1.58 m/s and 1.19 m/s
respectively, d the opposite directions.
As suchy velocity from pickup to the camera improved by 28m/s to 190m/s,
amera to placement by 2m/s to 135m/s.

and from
The “Motion mode was faster than the Flyl-Motion mode by 30m/s.

S&CIusion and Future Work

This study found that the method of moving to the PCBs without stopping before
the camera shortened the overall time by 8% compared to the Stop-Motion mode.
The proposed Fly2-Motion method shortened the overall time by 16% compared to
the Flyl-Motion mode.

If the proposed algorithm is applied to component pickup and placement,
productivity can be enhanced by reducing traveling time to the shortest amount
possible.

As future work, it is necessary to address the problems that may arise when
applying the proposed method to surface mount devices, including vibration and
motor heating.
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