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1-1. INTRODUCTION

At intersection, many vehicles flow into and intersect with each other, and also many pedestrians
walk on a pedestrian crossing. Consequently, traffic flow including non-motorizes traffic
becomes so complicated. Without a traffic signal control, a continuous flow of traffic on one
roadway would cause excessive delay to vehicles and pedestrians waiting on the other. A traffic
signal plays an important role to improve this situation.

A vehicle going straight should carefully pay
attention to intersecting vehicles from left,
right and opposite to find safe intervals. In
case of low traffic volume, drivers can pass
through intersection in a short time. But, at
intersection with heavy traffic volume,
drivers may be forced a long wait. In some
case, quixotic behaviors course an accident
and put lock on intersection.

And so, orderly traffic control by use of a
traffic signal makes an effect on above
situation. A traffic signal unlocks vehicles
locked on intersection. Moreover, a vehicle
going straight pays attention only to the
opposite vehicles when signal light is green.

Sequence of green (go), yellow (prepare to
stop) and red (stop) of a Traffic signal plays
an important role for orderly control of
vehicle flow.
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1-2. THE ROLE OF TRAFFIC SIGNALS
(1) The Role Of Traffic Signals
» To prevent an accident

A traffic signal orderly controls various traffic flows by the sequence of signal lights to avoid
traffic conflicts among vehicles and pedestrians.

» To make traffic flow smoothly

A traffic signal secures a smoother traffic flows by proper distribution of time responding to
traffic volumes.

» To improve traffic environment
A Traffic signal accelerates smoother traffic flows and decelerates traffic pollutions such as CO2.

Advantage of Signals

A traffic signal that is properly located and operated is likely to:

Provide for orderly movement of traffic;
e Increase traffic capacity of intersection;
e Reduce the frequency of certain types of crashes;
e  Provide for continuous or nearly continuous movement of traffic along a given route; and
e Interrupt heavy traffic to permit other traffic, vehicular or pedestrian, to cross.
(2) Where And When Should A Signal Be Installed?
For aid the engineer in designing the appropriate control for intersection, the following 6
warrants are requirements of a traffic signal installation in Installation Standard for Traffic
Signals (Japan).
e  For vehicle traffic control

- Both main roads and connected roads have a width of 10 m or more, and
- Traffic volume in 12-hours is more than 7,000 vehicles, or
- Traffic volume in peak-hour (1 hour) is more than 700 vehicles.

e  For pedestrian control without intersection

- Traffic volume in 12-hours is more than 6,000 vehicles, or
- Traffic volume in peak-hour (1 hour) is more than 650 vehicles, and
- Number of pedestrians who cross the road is more than 200 persons per hour.

e  For prevention of an accident

- Incase that it is possible to prevent an accident by a traffic signal.
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e  For the school crossing and person with the visually impaired
e  For the public facilities such as hospitals
e  For bicycle control

- Bicycle traffic volume in peak-hour (1 hour) is more than 700 vehicles, and
- Traffic control by a traffic signal is required.
The engineers and/or responsible persons for traffic control should determine whether the traffic
situation at intersection justifies considering a traffic signal.
(3) How Do You Grasp The Traffic Situation?

It is necessary for a traffic signal to orderly control traffic flow by grasping on-going traffic
movement. It is important to know, “How many vehicles are running? Where are vehicles going?
How fast are vehicles running? Where do traffic jams occur?” Also, quantity data is rather
important than abstract data to correctly operate a traffic signal controller. The types of quantity
data are explained as below.

Digitalization of Traffic Flow

The judgment of vacant situation and crowded situation on the road by the image is fuzzy. It is
therefore traffic flow should be grasped as numerical data for proper operation of a traffic signal.
Generally, following 3 traffic data are useful:

1) Traffic volume

Traffic volume means a number of vehicles passing through a certain point per unit time. The
number of traffic volume normally increase with traffic volume increase on the road, but when
traffic volume exceed road capacity, traffic volume is decreasing with traffic jam.

When a cycle time and phase for a traffic signal are decided and adjusted based on the actual
demand, traffic volume and flow at intersection is the most important data. Hence, annual traffic
survey is required for proper signal operation.

2) Travel speed

Travel speed means an average speed of vehicles passing through a certain point per unit time.
Travel speed is getting down with traffic volume increase. In the traffic jam, travel speed
becomes close to 0 km/h.

3) Traffic density

Traffic density means a number of vehicles existing in a certain section of road. Traffic density is
getting higher with traffic volume increase. When vehicles stop by heavy traffic jam, traffic

density reaches to maximum density.

The situation of traffic flow can be defined by these 3 parameters. (Molume, Speed, Density)
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1-3. PHASE OF TRAFFIC SIGNALS
(1) What Is Phase?
A traffic signal gives a passage right to vehicles which head for each direction by rotation. That is
to say, only vehicles and pedestrians which get permission from a traffic signal can pass through
the intersection. “Phase” is the time band given to vehicles and pedestrians for passing
intersection.

At mid-level intersections, operation by 2-phase is the most commonly as following figure.

—
< LLLLLL

Where traffic volume of right-turning vehicles is dominated, a phase for right-turn is added. That
case is called “3-phase operation”.

(2) Three Key Parameters For Traffic Signals

A signal flow consisting of Cycle, Sprit and Offset is the most important for proper signal
operation.

o Cycle

“Cycle” means sequence of green (go), yellow 1-Cycle
(prepare to stop) and red (stop), and operates on
the second time scale. In case of a short cycle, a
traffic jam occurs because many vehicles cannot

pass through intersection. The other way, in case
of a long cycle, unnecessary time is created. A g EI ( )l
cycle should be decided in accordance with

traffic volume, configuration of intersection and
the number of the pedestrians. Generally, a cycle
is proportionate to traffic volume.
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However, a long cycle is not preferable from viewpoint of service level. Following cycle time is
recommended by the Japanese Standard.

Definition of Service Level for Signalized Junctions

Service Level Cycle Time (second)
A 70s and below
B 70s to 100s
C 100s and above

In case that a cycle time is operated with service level “C”, a maximum cycle time should not be
over 120s. Even if 120s and above is required by necessary, 180s is practical limit value.
Frequently, a long cycle time generates to block straight traffic by queue for right-turn. Hence, to
reduce a long queue for right-turning vehicles with a short cycle has a possibility of alleviation of
a traffic jam at intersection.

e Split
“Split” means allocation time to each phase and operates in the percent (%). If split time is

evenly allocated to all directions regardless of traffic volume, unnecessary time is created. Split
should be allocated responding to traffic volume of each phase.

e  Offset

“Offset” means the time lag between neighboring intersections for ensuring of smooth traffic on
same road, and operates on the second time scale or percent per 1-cycle.

“Cycle”, “Split” and “Offset” are key parameters to realize the smooth traffic control.
(3) What Is “Clearance Time”?

Clearance time is set for avoidance of a vehicle crash at the turning point of phases at
intersection. When a traffic signal change from Phase-1 to Phase-2, vehicles that pass through
intersection under Phase-1 should exactly stop at the stop line or certainly go out of intersection
before stating of Phase-2. For this reason, Clearance time is set to clean out all vehicles on
intersection, and is defined in total of time for yellow light and red light.

The length of clearance time finely set up responding to the size and configuration of
intersection.

o Yellow signal

When a s change from green light to yellow right, some vehicles can stop at stop line. However
some vehicles remain in intersection. Yellow light is provided to clean out all vehicles remained
in intersection.

e All redsignal

Time of all red is set up to clean out right-turning vehicles in intersection by starting of a next
phase.

In case that the time length of yellow and all red signals is too long, some drivers may hardly
wait until next phase or disregard yellow light. On the other hand, if the time length is too short,
some vehicles are left out on intersection in a next phase starts. Hence, the length of clearance

1-6



Traffic Signal Operation and Maintenance Manual
The Study on Greater Kampala Road Network and Transport Improvement
in the Republic of Uganda November 2010

time should be set appropriately.

Yellow

In Japan, clearance time is normally provided as following table.

Clearance Time (Yellow + All Red): Second

Distance between

Stop-line 20m 30m 40m 50m 60m

Design Speed AR AR AR AR

30km/h

40km/h

50km/h

60km/h

Al w|<
RlRlRr|IN|N

70km/h

galoajlala|jlo|o|H
alaln(plw|lw|<
NN N[N w| s
o|lojlojloo|jo|(N|H
Nl |DdD|w|lw|
SR RN NN RICRINNG N
olo|lo|N|N|N|H
AlA|d|d|w|lw|
wWlwlw|lw|s|»
N[NV NN~
sl d|lw|lw|=<
wWlwlw| w|s|»
NN NN NN

80km/h 4 1

Y: Yellow, AR: All Red, T: Total

(4) Time For Pedestrian Crossing

The time of “Green-light” and “Green-light blinking
(winking)” of pedestrian signals are provided for safely
pedestrian crossing.

e  Pedestrian green time

The time of pedestrian green-light is finely derived based
on the length of pedestrian crosswalk. Generally, walking
speed is calculated as 1m to 1.5m/sec.

e  Green blinking (winking) time

Green blinking (winking) is time for pedestrian judgment whether to go or back. Generally, it is
set in 4 to 10 seconds.

If the pedestrian green time is too short, pedestrians cannot walk over to opposite side. On the
other hand, the pedestrian green time is too long, vehicles turning to left and/or right may queue
at intersection. Consequently, traffic jam is generated by pedestrian crossing. It is therefore the
time of pedestrian crossing should be carefully set.
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(5) Phase Of Traffic Signals
e Standard phase: Two-phase operation

When number of vehicles turning left or right is not
so heavy, a phase for main road and branch road are
alternately indicated. Usual signal layout at
intersection is shown in right figure. “1V” and “2Vv”
mean a traffic signal lights for vehicles, and “1P”
and “2P” means a traffic signal lights for pedestrians.
“1V and 1P” and “2V and 2P” are provided for the
main road and branch road, respectively.

o

The time of signal indication change is called “Step”.
The most major traffic control is “2 Phases / 10
Steps”. The following phase chart shows the step
flow.

Time (s)
Phase 1 2 €---% pedestrian Flow

—® Vehicle Flow
Vehicle and/or Pedestrian Green-light
Vehicle Yellow-light

Vehicle and/or Pedestrian Red-light
Pedestrian Green-light blinking

Flow < >

<>
D

e Phase for right-turning vehicles

When right-turning vehicles are blocked by many through-vehicles, right-turning vehicles queue
for right-turn in intersection. Consequently these right-turning vehicles may become congestible
reason.

In this case, separation of through-vehicles and right-turning vehicles by a traffic signal is the
most effective measure. In addition, a vehicle crash between right-turning vehicle and
through-vehicle may be avoided.

For this reason, in case that many vehicles require turning right, separate phase for right-turn is
added as following figures.
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Standard: 2-phase
Phase 1

N

3-phase
Phase 1 2 3

y
%

As just described, several phase types are proposed responding to traffic conditions and
configurations as follows.

e  Phase with time-lag

A phase with time-lag is that of two traffic flows under phase-1 (see figure below), green light
for one flow is cut off earlier than another green light.

Phase with time-lag
Phase

ERERE

2 3

e  Separate phase

Instead of usual green lights, separate phase is controlled by green arrow signals composed of
straight, right-turn and left-turn. Separate phase completely segregates turning-vehicles (right
and/or left) and through-vehicles as following figure.

Separate phase

Flow j4/ - %
H ol e— Y
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1-4. TYPE OF TRAFFIC SIGNAL CONTROL

(1) Independent Control (Multi-Pattern Control)

Traffic volume varies depending on time (morning, daytime, evening and night) and a day of
week (see figure below). If a cycle time is never change, it may cause a traffic problem. Hence a
cycle time is set in accordance with hourly and daily variation based on traffic volume and flow
pattern obtained by traffic survey. This operation is called “multi-pattern control”. This operation

is automatically controlled by electronic programmable timer in the signal controller.

Pattern
——
M:

Pattern
Night
Pattern

9
\w> 1 g,
13
14 45 Slack
16
17 48 Pattern
19
20 54
22
23

—> Traffic Volume

(2) Coordinated (Lined) Control

What does it happened if traffic signals on the same road are independently operated regardless
of the neighboring traffic signals? The vehicles might be forced to stop at every intersection. In
the result, discontinuous operation may bring traffic jams and/or a lot of wasted time.
Coordinated (lined) control which links continuing signals is alleviates this situation.

Traffic signals under coordinated control should be operated in the same cycle time, and linked

by offset time.

A
S
AN
SO0
AL
’ 1
A \
A \
4 ’ 1 \
e ! ! \
/ I
/ \
’ 4 ] 1
S K H \
s 4 ] \
/s / i \
4 4 1 Ay
,l ’ ] Y
’ ,I 1 \‘
'/ / H \
/ / 1 \
/ / 1 \
4 / ! \
4 ¥/ ! \
4 4 1 \
’ 4 1 \
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% y 1 \
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(3) Area Control (Wide Area Control)

At the major cities, many roads composed of trunk roads, branch roads and/or streets lie in the
city and a lot of traffic signals are installed due to the control of traffic flow and prevention of an
accident. What does it happened if traffic signals in the same area are independently operated?
The traffic would be thrown into a terrible confusion. Even if this situation is controlled by use of
the coordinated control for trunk roads, traffic conditions on branch roads and streets would not
improved. Hence, area control is required in such situation. Area control is unified management
by “Traffic Control Center”.

e Image of Area Control

Sensed @

E\
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1-5. CASE STUDY (COMPENDIUM METHOD)
(1) Setting Of Cycle Time Base On The Traffic Volume

This method easily derives suitable time for each phase based on the traffic volume data.

i
e “T‘

Cross Walk L=23m

1) Setting of Clearance Time and etc

1: Time of All Red: 25 (G, L)

2: Time of Yellow: 3s (D, F, K)

3: Time of Blinking for Pedestrian: a1

Half of Cross Walk Length is divided by 1.5m —— 7,
(Walker’s speed) 7

In case of right figure N \Coss Wakk L2

L=11m

o
=

23.0m/2/1.5m = 7.7s (1)

d2
11.0m/2/1.5m = 3.7s (B) d KI, Rl —
[

4: Time of Green for Vehicles and Red for

Pedestrians: 3s (C, J) - |

2) Calculation of Traffic Volume for each Lane

Considerable lane number for design should apply the lane number of inflow side of intersection.

Case of Light No.1:

Light No.
1st (left) lane: for left-turn + through
2nd (middle) lane: for through
. . . 371 313 312 77131 3] 2
3rd (right) lane: for right-turn Time (s) ,)i slclo E FlG ,ﬁ 1o Tt
Cycle Select from (80,100,120,140,160,180)s
Traffic Volume (vehicle/peak hour) Phase ! 2 3
<o >
4 4
1st lane: (c1+c2)/2 Flow \I : 4/ ” )é’
AREIE I
2nd lane: c2-((c1+c2)/2-c1) Y P >
i Vehicle and/or Pedestrian Green-light
3rd lane: ¢3 Vehicle Yellow-light
=Vehicle and/or Pedestrian Red-light
Ditto calculation is repeated about d1, d2 Pedestrian Green-light blinking
and d3.

Case of Light No.2
One lane: for all directions

Traffic Volume (vehicle/peak hour)
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One lane: al+a2+a3

Ditto calculation is repeated about b1, b2 and b3.

3) Calculation of Sprit Time

Sprit time (allocation time to each phase) is distributed responding to traffic volume calculated
above step. Specifically, maximum traffic volume for phase-1 is picked from among 1st lane and
2nd lane of both sides. Then maximum traffic volumes for phase-2 and phase-3 are also picked
from among calculated traffic volume, respectively.

Next, a cycle time is selected from among (80s, 100s, 120s, 140s, 160s, and 180s) in
consideration of traffic volume. As described in sub-chapter 1-3. (2), a cycle time that 120s is not
preferable unless absolutely necessary. In addition, in case of low traffic volume (e.g. midnight),
a short cycle time is efficient.

4) Calculation of Green Time

Green time is derived from sprit time 3) and other required time 1).

3): sprit time — 1): clearance time, etc = Green time.

(2) Case Study (Jinja Jct. and Kibuli Jct.)

Before stating of case studies, evaluation method has to decide. A signalized junction is normally
evaluated as follows by use of saturation degree.

Evaluation of Signalized Junction by Saturation Degree

Saturation Degree Situation
08>S Desirable Situation
08<S5S<10 Acceptable Situation
1.0<S Capacity Shortage (Bottleneck)

However, calculation of saturation degree is required a lot of information, additionally,
calculation steps is so complicated. Hence, in this case study, congestion degree is applied.
Here are necessary factors for evaluation by congestion degree:

1) Basic Capacity of Each Type of Lane

Trough Lane: 2,000 p.c.u./lane/hour (p.c.u.: passenger car unit)

Left-Turn and Right-Turn Lane: 1,800 p.c.u./lane/hour

Left-Turn + Through Lane: 2,000 p.c.u./lane/hour

Trough + Right-Turn Lane: 2,000 p.c.u./lane/hour

2) Adjustment Factor for Lane Width

2.5m to 3.0m: 0.95

3.0m and above: 1.00

3) Adjustment Factor for Approach Gradient
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Gradient | Adjustment | Gradient | Adjustment
(%) Factor (%) Factor
-6 0.95 1 1.00
-5 0.96 2 0.95
-4 0.97 3 0.90
-3 0.98 4 0.85
-2 0.99 5 0.80
-1 1.00 6 0.75
0 1.00

4) Adjustment Factor for Heavy Vehicles (Ratio of Heavy Vehicles: %)

. Adjustment . Adjustment
Ratio (%) IJ:actor Ratio (%) IJ:actor

0 1.00 55 0.72
5 0.97 60 0.70
10 0.93 65 0.69
15 0.90 70 0.67
20 0.88 75 0.66
25 0.85 80 0.64
30 0.83 85 0.63
35 0.80 90 0.61
40 0.78 95 0.60
45 0.76 100 0.59
50 0.74

5) Adjustment Factor for Left-Turning and Right-Turning Vehicles and Pedestrians

Calculation for these factors is so complicated. Hence, in this compendium method, these factors
are not applied.
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6) Result of Case Study for Jinja Junction

Peak Hour: 8am to 9 am

A B c D
Approach from Kampala Rd from Yusufu Lule Rd from Jinja Rd from Mukwano Rd
LT+TR | TR RT LT TR RT LT TR RT [LT+TR| TR RT =
Number of Lane 1 1 2 1 1 1 1 2 1 1 1 1
Capacity / Lane /Hour 2000 2000 1800 1800 2000 1800 1800 2000 1800 2000 2000 1800 To Yusufu
| Adjustment Factor 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00
(Lane width: m) 325 3.25 3.25 35 35 325 35 35 325 35 35 3.25 n L n
| Adjustment Factor 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00
(Gradient: %) 1.00 100 1.00 100 1.00 1.00 100 1.00 1.00 1.00 100 1.00
| Adjustment Factor 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 .
(Share of large vehicle: %) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 &l
|Adjustment Factor (Left Turn) N/A - - N/A - To Jinja
| Adjustment Factor (Right Turn) - - - - - - - - - - - -
Calculated Capacity /Lane /Hour 2000 | 2000 | 3600 | 1800 | 2000 | 1800 | 1800 | 4000 | 1800 | 2000 | 2000 | 1800 jt; =
 Traffic volume (peu/hr) 3% 458 403 561 356 228 289 2246 308 453 524 217 s — ks
(Left turn or Right turn) 9 403 | s61 28 | 289 308 8 - o | B = :;'j
Current cycle length: sec 249 b
phase-1 | 84.00 | 84.00 - 84.00 | 84.00
) phase-2 50.00 - - 5000 - - To Kampala
Current green time: sec
phase-3 48.00 - 48.00 | 48.00 A
phase-4 - - - - - 43.00 - - - - - 43.00 —
|Actual Current Capacity 675 675 723 1800 386 311 607 1349 361 386 386 311 ‘ 1
Cureent Congestion degree 0.58 0.68 0.56 031 0.92 0.73 0.48 166 0.85 118 136 0.89 n n
Cureent Congestion degree at whole JCT 0.82 To Mukwano
Select cycle length: sec 180
phase-1 | 63.00 | 63.00 - 63.00 | 63.00 -
Proposed green time: sec phase-2 = 210 - = = 2100 - = s
phase-3 - 56.00 - - 56.00 | 56.00
phase-4 - - - - - 24.00 - - - - - 24.00
| Actual Capacity by proposal 700 | 700 | 420 | 1800 | 622 | 240 | 630 | 1400 | 210 | 622 | 622 | 240
Congestion degree 056 | 065 | 096 | 031 | 057 | 095 | 046 | 160 | 146 | 073 | 084 | 115
Congestion degree at whole JCT 0.79
Peak Hour: 5 pm to 6 pm
B C D
Approach from Kampala Rd from Yusufu Luke Rd from Jinja Rd from Mukwano Rd
LT+TR | TR RT LT TR RT LT TR RT [LT+TR| TR RT
Number of Lane 1 1 2 1 1 1 1 2 1 1 1 1
Capacity / Lane /Hour 2000 2000 1800 1800 2000 1800 1800 2000 1800 2000 2000 1800 To Yusufu
| Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Lane width: m) 325 325 3.25 35 35 325 35 35 325 35 35 3.25
| Adjustment Factor 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Gradient: %) 1.00 100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00
| Adjustment Factor 1.00 100 1.00 1.00 100 1.00 100 1.00 1.00 1.00 1.00 1.00 . »
(Share of large vehicle: %) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ToJinja
|Adjustment Factor (Left Turn) N/A - - N/A
| Adjustment Factor (Right Turn) - - - - - - - - - - - - o =
Calculated Capacity /Lane /Hour 2000 | 2000 | 3600 | 1800 | 2000 | 1800 | 1777 | 4000 | 1800 | 2000 | 2000 | 1800 ::z = o
Traffic volume (pcu/hr) 478 555 837 1507 45 0 275 1501 193 432 | 4% 443 R — P
(Left tum or Right turn) 8 837 | 1507 0 275 - 193 103 - 43 B
Current cycle length: sec 239 g
phase-1 | 61.00 | 6100 - - [ eLoo [ 6100 - - To Kampala.
Current green time: sec phase-2 - - 400 . - = . %0 . -
phase-3 - 43.00 - 4300 | 43.00 - L
phase-4 - - - - - 73.00 - - - - - 73.00
| Actual Current Capacity 510 | 510 | 512 | 1800 | 360 | 550 | 454 | 1021 | 256 | 360 | 360 | 550 n i n
Congestion degree 0.94 109 163 0.84 0.13 0.00 0.61 147 0.75 120 138 0.81
Cureent Congestion degree at whole JCT 0.93 To Mukwano
Select cycle length: sec 180
phase-1 | 63.00 | 63.00 - 63.00 | 63.00 -
. phase-2 - 210 - - - 27.00 - - .
Proposed green time: sec T
phase-3 - 3400 - B ETHET -
phase-4 | - . - . - [0 . - . - R
|Actual Capacity by proposal 700 | 700 540 | 1800 | 3718 | 400 622 | 1400 | 210 378 | 318 | 400
Congestion degree 068 | 079 | 155 | 084 | 012 | 000 | 044 | 107 | 071 | 114 | 13 | 111
Congestion degree at whole JCT 0.85

Note: Traffic volume surveyed by the Study Team is applied. (January, 2010)
Red letters show proposed allocation time by the Study Team

Yellow cells show that there is an improvement effect.
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Peak Hour: 8 am to 9 am

A B C
Approach from Clock from Mukwano from Gaba
TR RT LT TR LT RT n n
Number of Lane 1 1 1 1 1 1
Capacity / Lane /Hour 2000 1800 1800 2000 1800 1800 To Mukwano
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00
(Lane width: m) 350 | 350 | 350 | 350 [ 350 | 350 — 1 H
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00 = = [ =
(Gradient: %) 1.00 1.00 1.00 1.00 1.00 1.00 = L =—
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00
(Share of large vehicle: %) 0.00 0.00 0.00 0.00 0.00 0.00 To Clock
Adjustment Factor (Left Turn) - - - - - -
Adjustment Factor (Right Turn) - - - - - - — H
Calculated Capacity /Lane /Hour 2000 1800 1800 2000 1800 1800
Traffic volume (pcu/hr) 388 | 630 214 | 686 | 1407 | 88 |4
(Left turn or Right turn) - 630 214 - 1,407 88
Current cycle length: sec 120
phase-1 | 33.00 ~ [ 3300 | 33.00 B To Gaba
Current green time: sec phase-2 - 53.00 - - 53.00 -
phase-3 - - - 16.00 - 16.00
Actual Current Capacity 550 795 495 817 795 240
Congestion degree 0.61 0.79 0.43 0.84 1.77 0.37
Cureent Congestion degree at whole JCT 0.911
Select cycle length: sec 120
phase-1 | 31.00 - 31.00 31.00 -
Proposed green time: sec phase-2 - 63.00 - - 63.00 -
phase-3 - - 11.00 - 11.00
Actual Capacity by proposal 517 945 465 | 700 945 165
Congestion degree 0.65 0.67 0.46 | 0.98 1.49 0.53
Congestion degree at whole JCT 0.900
Peak Hour: 4 pmto 5 pm
A B C
Approach from Clock from Mukwano from Gaba
TR RT LT TR LT RT
Number of Lane 1 1 1 1 1 1
Capacity / Lane /Hour 2000 1800 1800 2000 1800 1800
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00
(Lane width: m) 3.50 3.50 3.50 3.50 3.50 3.50 u
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00
(Gradient: %) 100 | 1200 | 100 | 100 | 100 | 100 To Mukwano
Adjustment Factor 1.00 1.00 1.00 1.00 1.00 1.00
(Share of large vehicle: %) 0.00 0.00 0.00 0.00 0.00 0.00 — | E
Adjustment Factor (Left Turn) - - - - - - e % [[=—
" - = C—
Adjustment Factor (Right Turn) - - - - - -
Calculated Capacity /Lane /Hour 2000 1800 1800 2000 1800 1800
Traffic volume (pcu/hr) 536 535 226 686 878 186 To Clock
(Left turn or Right turn) - 535 226 - 878 186 T n
Current cycle length: sec 120 —
phase-1 | 33.00 - 33.00 33.00 -
Current green time: sec phase-2 - 53.00 - - 53.00 - 1 r
phase-3 - - 16.00 - 16.00
Actual Current Capacity 550 795 495 817 795 240 To Gaba
Congestion degree 0.97 0.67 0.46 0.84 1.10 0.77
Cureent Congestion degree at whole JCT 0.825
Select cycle length: sec 120
phase-1 | 41.00 - 41.00 41.00 -
Proposed green time: sec phase-2 - 53.00 - - 53.00 -
phase-3 - - 11.00 - 11.00
Actual Capacity by proposal 683 795 615 867 795 165
Congestion degree 0.78 0.67 0.37 0.79 1.10 1.13
Congestion degree at whole JCT 0.777

Note: Traffic volume surveyed by the Study Team is applied. (Jun, 2010)

Red letters show proposed allocation time by the Study Team

Yellow cells show that there is an improvement effect.

Note that traffic volume of both junctions is already converted to volume of passenger car unit.
Hence, adjustment factor for large vehicle is not considered. Conversion factor from large
vehicle to passenger car is normally decided between 2.0 to 3.0.

7) How to Derive Congestion Degree (e.g. TR lane of Section A at Kibuli Jct.: PM peak data)

Capacity/lane/hour = 2,000 p.c.u./lane/hour

Every adjustment factors (lane width, grade and share of large vehicle) are 1.0

Adjustment factors for right-turning vehicles, left-turning vehicles and pedestrians are not
applied in this compendium method.
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Hence:
Calculated Capacity/lane/hour = 2,000 x 1.0 x 1.0 x 1.0 =2,000 p.c.u/lane/hour

Next, allocated time for TR lane of section A should be considered. Its time is 41s, and a cycle
time is 120s. It is therefore:

Actual capacity/lane/hour = 2,000 p.c.u. x 41s/120s = 683 p.c.u./lane/hour

Finally, ratio of traffic volume (p.c.u./lane/hour) and actual capacity (p.c.u./lane/hour) is the
congestion degree.

Congestion degree = 536/683 = 0.78

Congestion degree of whole junction is derived from ratio of total traffic volume and total actual
capacity.

Congestion degree at whole junction =

(536+535+226+686+878+186)/(683+795+615+867+795+165) = 0.78
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PART-2: PERIODIC MAINTENANCE MANUAL
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Periodic maintenance should be carried out with necessary interval specified in the “Check
Sheets”. When failures are found by inspections, those facilities should be repaired or changed as
soon as possible. That work progress should be recorded in “Working Sheets”.

2-1. MAINTENANCE FOR TRAFFIC SIGNALS

(1) Inspection for Distribution Board

e  Check of main unit of distribution board. When some damages such as blemishes and/or
rusts are found, those damages should be repaired:

Blemishes: repainting
Rusts: rub off the rust and repainting

e Cleaning of outside and/or inside of distribution board
Be careful not to touch the switch and/or terminal

o  Check of slacks of attaching screws and/or bolts. When slacks are found, those should be
retightened.

Be careful not to tighten with excessive power

e  Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
those should be reconnected.

Be careful not to make wiring short out

e  Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

e  Measure of input voltage of commercial power supply
Be careful not to make wiring short out
(2) Inspection for Controller

o  Check of controller. When some damages such as blemishes and/or rusts are found, those
damages should be repaired:

Blemishes: repainting
Rusts: rub off the rust and repainting

e Cleaning of outside and/or inside of controller
Be careful not to touch the switch and/or terminal

e  Check of slacks of attaching screws and/or bolts. When slacks are found, those should be
retightened.

Be careful not to tighten with excessive power

e  Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
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®3)

those should be reconnected.
Be careful not to make wiring short out

Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

Check of date and clock time. When date and clock time are not matched, those should be
re-coordinated.

Measure of voltage of power input unit

Measure of voltage of power output unit to traffic signal

Measure of voltage of controller power section
Inspection for Traffic Signals

Check of traffic signal. When some damages such as blemishes, rusts and/or gaps are found,
those damages should be repaired:

Blemishes: repainting

Rusts: rub off the rust and repainting

Gaps: fill a gap by use of tapes and/or putties

Cleaning of outside and/or inside of traffic signal and lenses
Be careful not to touch the switch and/or terminal

Check of slacks of attaching screws and/or bolts. When slacks are found, those should be
retightened.

Be careful not to tighten with excessive power

Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
those should be reconnected.

Be careful not to make wiring short out

Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

Check of visibility of signals at predefined position. When visibilities are not appropriate,
traffic signals should be turned around.

Signal for vehicles: to be viewable form stop line and 30m before stop line
Signal for pedestrians: to viewable from center of zebra crossing and stopping position
Check of lighting

Bulb type: When light bulbs are burned out, those should be changed promptly.
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LED type: When some LEDs are burned out and visibility is not appropriate, LED unit
should be changed.

(4) Inspection for Signal Poles

e  Check of signal poles. When some damages such as blemishes, rusts, gaps, tilts and/or
bentnesses are found, those damages should be repaired:

Blemishes: repainting

Rusts: rub off the rust and repainting

Gaps: record of the degree and reinforcement or re-built where necessary

Tilts and bentnesses: record of the degree and reinforcement or re-built where necessary

e  Check of base of poles. When some damages such as cracks and/or bumps are found, those
damages should be reinforced.

e Cleaning and removal of posters and/or advertising displays.
(5) Inspection for Hand-hole

e  Check of cover of hand-holes. When some damages such as cracks and/or breakings are
found, those damages should be repaired or changed.

e Check of inside of catch pits. When some damages such as cracks and/or breakings are
found, those damages should be reinforced with cements or mortar. In addition, when water
and/or solid refuses are found inside catch pit, those should be removed.

e  Check of signal cables inside catch pits. When damages are found, those should be recoated
with insulating tapes.

e  After cleaning of frame for covers, close the cover steady.
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2-2. MAINTENANCE FOR POWER SUPPLY UNITS

)

(2)

Refuel to AEG (Automatic Engine Generator)

Refuel to AEG should be done before getting empty. Work day and refuel volume should be
recorded.

Accumulation running time should be recorded.

Check of error display on operation panel. When error display is indicated on operation
panel, it should be reset in accordance with the operation manual.

Check of fuel leakage. When fuel leakage is found, it should be repaired and cleaned.
After making AEG run, noises, unusual odors and/or unusual vibrations should be checked.
Inspection of AEG (Automatic Engine Generator)

Check of AEG body. When some damages such as blemishes and/or rusts are found, those
damages should be repaired:

Blemishes: repainting

Rusts: rub off the rust and repainting

Check of oil leakage. When oil leakage is found, it should be repaired and cleaned.
Change of engine oil. Used amount of oil should be recorded.

Cleaning of oil filter. When pollution of oil filter does not clean off, oil filter should be
changed.

Be careful not to pollute oil filter.

Cleaning of fuel filter. When pollution of fuel filter does not clean off, fuel filter should be
changed.

Be careful not to pollute fuel filter.
Drain from fuel tank.

Cleaning of air cleaner. When pollution of air cleaner does not clean off, air cleaner should
be changed.

Be careful not to pollute air cleaner.
Cleaning of inside and outside of AEG, and intake air filter
Be careful not to touch the switch and/or terminal

Check of slacks of attaching screws and/or bolts. When slacks are found, those should be
retightened.

Be careful not to tighten with excessive power
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(4)

Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
those should be reconnected.

Be careful not to make wiring short out

Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

Check of date and clock time of AEG. When date and clock time are not matched, those
should be re-coordinated.

Measure of output voltage
Measure of output current
Inspection of AVR (Automatic Voltage Regulator)
Cleaning of AVG
Be careful not to touch the switch and/or terminal

Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
those should be reconnected.

Be careful not to make wiring short out

Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

Measure of input voltage
Measure of input current
Measure of output voltage
Measure of output current
Inspection of UPS (Uninterruptible Power System)
Cleaning of intake duct after opening of main body and/or front panel.
Be careful not to touch the switch and/or terminal

Check of slacks and/or coming off of wirings. When slacks and/or coming off are found,
those should be reconnected.

Be careful not to make wiring short out

Check of coatings of wirings. When some damages are found, those should be recoated with
insulating tapes.

Check of exchange time of battery. After pressing the self- test button, if low battery service
mark is illustrated, the battery may need replacing.
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2-3. CHECK SHEETS FOR EACH INSPECTION

The check sheets for each inspection are attached in this sub-chapter for efficient and effective
maintenance works. The inspector should take these check sheets to the site and record at site.

After finishing of inspection works, responsible person should check and file these records.

Component of check sheets is as follows:

TRAFFIC SIGNAL SYSTEM: Distribution Panel / Traffic Signal Controller
e TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle GYR

e TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle 3 Arrows

e TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle 1 Arrow

e TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Pedestrian

e TRAFFIC SIGNAL SYSTEM: Signal Pole

e TRAFFIC SIGNAL SYSTEM: Hand-hole

e POWER BACK UP SYSTEM: Automatic Engine Generator / Automatic Voltage Regulator
/ Uninterruptible Power System

e AUTOMATIC ENGINE GENERATOR: REFUEL SHEET
e WORK RECORD SHEET
e MAINTENANCE TOOLS / INSTRUMENTS

e SPARE PARTS LIST
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OPERATING INSTRUCTIONS

AUTOMATIC VOLTAGE REGULATOR
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CAUTIONS FOR SAFETY

DANGER

©

-

o o

Read “CAUTIONS FOR SAFETY™ well before
the operation of the unit and treat
the unit properly.

?r'the below mentioned warnings are for
your safe and secure use of the unit
in order to avoid troubles and harms.
Yroog treatments may cause some dan-
gerous situations, which we here de~
vide 16 three categories as "DANGER™
“YARKING™ & “CARE". Follow surely {o
this imporiant solice.

¥y The marks and their meanings are as
the helow,

ON:

There have potential danger of death or
serious injury. And the emergency zeas-
ure shall be taken, if this situation
happens. (highest urgency and danger)

/N WARNING

There have potential danger of death or

serious inojury.

/N CARE

There have potential danger of slight
iniury and material damage,

KEANINGS OF ¥ARKS

\
0

PROHIBITION

NECESSARY PRACTICE

CONNECTING FORKS TO THE PGWER SOURCE

{ELECTRIC Y8RK)

Several regulations are pre-
pared depesd on classes of
facilities. The work nust be
followed to the reguiaticos
of each country.

(INSTALLATION, CHECK, REPAIR &
OFERATION OF CHARGING ROITE)

(nly engineers who have studi-
ed specially about eleciricity
must attend.

(GROUNDING YORK)
Grounding work must follow to
regulations of each cousntries.

Do not coanect absolutely

grounding wire with gus tube,

#* Danger of death and serious
injury.

LOCATION OF INSTALLATION

Do not instsli the unit at
where explosives and/or
combustibles are kept or
will be used.

O O @ @

*The unit is wade of metal.
So corrosion. rust and elect~
rical spark may cause explo-
sion and/or fire.

J‘ﬁgah {(EXPLOSIVES)

e i st o e R S AT A

_— st et s o
0 Yeep several limitations prescribed (COMBUSTIBLES)
here and do not excessive trealments & (INGITIBLES)
and uses. Aod make properly routine (CAMBUSTIBLE GUS)
checks and maintenances for previnting
z1] troubles, .
This "CAUTIGNS FOR SAFETY™ wust be kept
beside of persons in charge of operation A (OXIDES)

and/or saintenance.

@) Matsunaea

Np, 957PL1A




/N WARNING

/N care

Fix the unit to the floor, pillar
and wail ia order not to fall down
pr sove by earthauack.

% Falling down may cause injury.

bo mot put anything and step on
the uait.

® % Badiation will be affected and the
ingide temperature will rise,
% Ghiects on the unit may be scor-
ched by heat.
% Top cover of the uait may be

curved by heat,

Do not disassesble, repair and/or
reconstruct the unit recklessly,

* 1t may cause malfunction, trou-
ble and/or burnt.

Do noet touch where this mark is
sealed on at checkiag inside of
the unit, even if the imput powver
is turned off.

% [t may cause death or serious
injury by eleciric shock.

Do not fouch the terminals and
studs during operation. which
this mark is sealed on.

% It may cause death or serious
iniury by electric shock.

TRANSPORTATION & OVE

Avoid rain and water-drops.
* It may cause electric shock
and salfunction.

Do oot put dowxn sideways. Fix

the unit carefully in order

not to fail down by vibration,

% if gay cause dasages of in-
side components and mal-
funciion.

dang up the upit, using alil
hanger-boltis.

# [t may cause sericus iajury
by drop of the uvnit,

Do not change carelessly adju-
sting resistors om P.C. Baard
Because the values are already
set properiy at our factory.

% It may cause damages of your
equipaments, unsiable functions
and/or troubles of the unit,

De not 4o a insulatiog resisti-

ance test betwsen input{& out-

put) and E-terminal{Frame},

The test for insulated products aoust

done only between Input and Qutput.

* 1t may cause damage and/or malfunc-
tion of the unit,

%

be

In case of meggar test. use
instrument of DCSOOY.
% I{ may cause damage and/or

malfunction of P.C. Beard,

Do not keep the unit under the

below mentioned locations for

tepporary siorage or unused

for a certain period.

®Yhere water-drops come into,

@Yhere relative humidity rises more
than 85%.

@®Yhere aphient temp. drops under-10°C
(or makes dews) and rise overt50°C,

#¥here there have gus and oxide objects,
which nakes corrosios of metal,

®Yhere there have dust., metal powder
and electric conductive powder.

@¥herc receives vibrations and shocks,

@¥here sun-shioe comes into directly,

% These may cause electric shock, in-
jury, fire., malfunction of the unitf.

O @

(RAINTENANCE & ROUTIN CHECK)
Tarn off the sain switch(iaput)
in case of maintenance and
routin check,
Yo not touch your hand and body to elze-
triec conductive part of the uniil
* It may cause electric shock and igjury.
M inside components will be esaciated in
extreamely rapid, if saintenance amd
routin check are mot effected. Qur warr-
anty =xcludes some troubles caused by
lack of mainteaance or routin check.

{ACCIDENT AT OPERATION)
Turn off the aain switch and solve
causes. Resiari the operation,
# [t may cause electric shock. damage
and/or fire.
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OPERATING INSTRUCTIONS

* OHRHOBESDEHERL, #8BT X0, *
Piease refer to ihe atlached operating instructions for standard articles
OTROEBUAOKEL, BEGNBBBFLEL T4,
Bescriptions of items other than the foilowing, are the same as those
- listed in the operating instructions for standard articles.

b I s e - 1
Specifications

4GH-183683A &b,

4~ 4, 1 55 [EH] %

Protection

1) TLT4ALLLZ LS LATH —E 28 o VERMT, BENT 20CLH I8,
AT D5l EA LI/ EHESTERL T T,
This unit is mounted thermostats on T1,74,L1,L2, L3 and L4 as to trip the M
input circuil breaker, ¥hen temperefure is over 120%,

2) ALRENISOVAANS Y, BEFGREEBLSEL MO0 BB 4 08 L &+,
Fho, ADEEF 18OV EFHEHMEESTLL, SBMICERLE T,
If the input voltage of the regulator deviates by below 180V the low voltaze
protecton circuit intervenes and open the magneilic switch
And whey input voliage resumes within belov 180V at continue approx.
5 seconds of the magnetic switch 1§ aufomatically closed

5. A 35S
Pane! Features
- _ BGM—~-TOTEA A b

Q. A TJIBEIRE
Power Supply _
FEBNOANEBBED . RABTERE NS RBO 1, 97&EA0ET, LT,

i ADEBRBELTANEESEHL., JOBXEBYERETLHEFHLTTIEL, 4

The power input may reach 1. 87 times the rated power outpat of the regulator.

¥hen selecting the power source and connecting cables between the power

source and the regulator, Keep this in mingd.

1 <, =¥ [EF] B h
Circuit Disgram '
4GH~ 168384 s,

1 5. BosRAS & BEJERETT

Recommended Connecting Cables : 5
5 e BRI EHRT
Terminals and stud bolis|Cross section of cable(mm®) [Voitage drop(v/m)
AhE fnput side MB 5.5 0.174
WHR Output side M5 5.8 0.194
% ®» Grounding 1 M3, 3 0. e
K ¥ W ROVISIONS I MATERIALS | J28 TREATMENT Syl QUANTITY | o g B iRsy AR
| At DATE | 3% CONTENTS % ey THLE OPERATING INSTRUCTIONS
A » = 3@@% My uns (R gscaE] owm g
- iy o e MODEL TSA-1030~CJ
: . L 1] o) V30 m %
c APPROVED 8Y1 CHECKED BY |DRaWN By | DESKGNED BY DEAWNG No. 4GH‘*‘”1 8826
o 1B ke | ke <§9“wtgjxigﬂsiﬁ
. E FRE SSUED ogng . 1 . 94 MaElnaca Marufachuring Lo,
15 9.2, 0000 L
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Matsunaca

7
A 13 ﬁ 1 C
BrBETEREBL R
SPECIFICATIONS %SE}LATEZ} TEYRISTOR TYPE:
1 g(} - J
! “%ﬁ?ﬁ !
@
EASE _
5*93 !
Y7 (CHANGE-OVER)
Hz
AT
v
2 Vo~ 260 ¥ 2
I
- FITHIN g
ANCE OF OUTPUT VOLTALGE % 3%
) 0~100 % |
iO{} %
5% L (%%ﬁ
LESS THAN 5 % I&’?RO%C — i}
L 5;&;‘3%&2 5% ,%?%B%)
3 0. 08 sec Ok LE3S (15% VULTAGE ViR TN 1
L B (AT [ TEREEET
EF?EC[??\%CY 85 % 08 MORE (INPUT i80 ¥ [N RA LOADY
ga Li 14% gﬁ\jj EOl %ﬁ_%%aéﬁ*{)
WER ?A{I?{}ﬁ 70.% OR MURE CINPUT 180 V IN R4 a3
YE £ H e (S0 T )
NSULAS nf@h RESISTANCE 5 MO MORE THAM ?%%%gw MEGGER)
or L%Talc STRENGTH AC 1500 ¥ 51% 1
i F (/2 3115 )
¥p gﬁ’ftRE RESi?ﬁG CLASS B 70 = OR LESS (THERMOMETER METHOM)
%33%!% xgsm?zmﬁﬁﬁ 0°C_~ 40C
ATIVE HMIDITY 0% = 85 %
: L TEE IR )
OIJTSIEt 2. 5PR3. 5,’1%‘%%3 i“‘%-?g}g% k(RE?ERE\CE BLIEY
NN RARNEY e f;l?»yb%’*fﬁlf“ BEAN LT ER -8 A DT L A0
! ALIANEE Y g mESLVL LSS B ATV A0
unit mmmted thermostats on Tl TELELLZ LS and 14 as to irip the inpat
e T e e e T T TR
3 p / o IR R IFLERS
Fo Er ADEEARTEDVL IS % cEk Lg?—
If the input vaitage of regurator devzates by below 188‘« the fo¥ voltage
protection eircuit interveses and open the magnetic switch
And when input votage resuges within bel ow 180V at continue approx. 5Sseconds
5 of the magnetic switeh is avtomatically closed, 5
AT HAVING No SOM—-TOTHA
o] "DRAVING Ao 4 GH- 18384
A . 3 C ; "
o B I FEISIONS BN MATERIALS | RVPE TREATMENT | I QUANTITY z & HEBTIESR
£14% DATE | PR CONTENTS Y% v e SPECIFICATIONS
» _ ™o k| MG UNTS RO SCALE % %
Wi, 23| % RAE | Thumo ansie |y p worr | TSA-1030-CJ
N s KEE e [ Wt m %
o APEROVED BY] CHECKER: BY [ORAWN Y [RSIGNED BY DRAWING Na 4GH“28363A
& > 3 o =
; K& | A& @@u 12K EHEPh
€ FAH SSUED Dot . 30 . 2004 | MatSinaca Manfacuring Lo, Lid
P

3-7



égghgggé SUBE T8 ULIE T mren mgs 3 ¥ _ 5] B _ ] e
E VRN T — g
- AR SN RN . 3
Y9L0L-WOE N T _ ,
LRI m\.w o ¢ -, ?
B OB iwvwis B ow o s DWW W o= BY wil~ - g~ ik 13
wZHB{mﬁ. SNITLNG Fiis 3 Bt S0 BN | e B
o oz 4 P | s M| owies B LTt W SHOETATH W W
m T E) ! E] P - N
4 0 o m u 3
- |
s W+ J !
1% —
3 & - T 3 !
il _ 3
e
= . | o)
wo N N
q - 0 =
B -
TV THEEETE
A : P ) T i
VSR R oY -
—MIRLE & rs E
R TI E . ///
S
; HOLSArOY 29¥L0A TR TR [ i Y _ e .
STETHT | g)
HI4ONYH] HIL IR~ h TR RE e Y o ; ; 2
zzzzz £t ) g NI @T/
INTYERD INdLAE EETET TR el : =5
- .ﬁ mmv W " ¥ -,
A5Y L TOA TINGRNT HITIHT0A T2 - — ’
S v NN v
ER ARV Ta [T . ny pm = ™.
G g + ﬁ mp\ O e
: NOTLVOTONT IWTN | B - S, @
g R A 4 2 W ) o ?
- 0
A
! 009 - = 4 05y
H
3
H . ) | i ) ki , ) 2 8 , y
eseunsiein/ &

3-8



3
5 ™ . I—Q o
o wr ] } L
S - 2 g es=ady |y 3 g
" T i o 3
5 ]
P e (?‘)' g (Q \_:-—-ilt\l 5
g S Do yalod
- Al z-:- g o ;
v s -
‘ a2 ) “ - wit | i a
& 33 i
4!
| &
T o ;
{2 sl ;
Y] o [ A | A
= [ RE— w———————
@ { i '
-
m
wwwwwwwwwwwwwwwwww {w
6=
T LA 5
o a v
2% A
z ° © JANo. Hils .7
i Taa{Na Jwith adiustment
A : B £ L D
a:x*:g REASIONS I MATERALS | 208 TREATMENT | 363 CUANTTY 2 B B R 3
B3 DATE | (4R CONTENTS 8% ey TiTLE CIRCUIT OIAGRAM
A o= M OB MEr uNeTS R M SCALE] w1 g
N Vé*é%?s&'fgf " e MODE L
] 4 24 gy
c ggzmaav c&%}@aﬂr a’%mgw ijs@ueaay gjmz\z:w 4 GH“’ 1 836&
D Tukuda Oheane | Dhypae M&tzﬁﬁqﬁﬁi
E FAB ISSUED gy, 29, 2004 Manufacturing Co, Ud

39 ~



AV R | AUTOMATIC VOLTAGE REGULATORS
TA-TSA | THYRISTOR TYPE

~ OPERATING INSTRUCTIONS

fore using this eoquij 1al with much care i
i Ry

ALUTOMATIC VOLTAGE REGULATOR
MODEL TA-1010

(W) Matsunaca Manufacturing Co,, Ltd.
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AUTOMATIC VOLTAGE REGULATORS/TA-TSA

CONTENTS

1 BESCRIPTION -

3 STANDARD SPECIFICATIONS - oo
& CIRCHIT BESCRIPTIBN - ovvovverevir e
4.1 DEVIATIO VOLTAGE DETECTOR AKD PHASE ONTROL CIRCUIT .-
42 THYRISTOR CIRCHIT «vvoererremermrmneremnnrmnencsreens
4-3 WAVEFORM COMPENSATING CIRDEIT-- oo
B PAEFE FEATURES - oo oo vr vt e
B DELIVERY INSPECTION - oooomrer oo moseooines oo mnei
7 STORAGE OB TRANSIT +-ovememeerimeeormsceirmesermeseessen e
7-2 ISHLATION RESISTANCE TEST -« oo vvvvvvrimonenioenens
8 INSTALLATION - oo oo oo
81 ENVIRONMENTAL BEQUIREMENTS. oo
10 LGAD COBNBCTIOR - oo rrem e oo
11 GROUND CONNECTION - oveevrveerrermreomrecionreconnecvnens
12 OPERRTION v v rromreromeemmeersoen e oo
19-1 PERATION AT HO LBAD v rrmrerrrmereesrmemienes
12-2 OPERATION WITH LDAD +ovvoorveer oo
12 BOUTIRE HSPECTION .- oo omemimee o oo
14 MAIN CIREHIT DIABRAM - oo oo
15 WIRING MATERIAL AND VOLTAGE OBOP TABLE - o
15 TROUBLE-SHOOTING: - onereverveemsmssasrremermeesi st ene e

l DESCRIPTION

The Series TA and TSA are non-mechanical, thyris-
tor type automatic voltage regulators, When the
output voltage of the regulator deviates from the rated
value due to variations of the input voltage or the
load, the devialion voltage is detected by a high-
sensitivity RMS coverter 10, The deviation voltage i3
amplified, converted into control signal and fed to the
thyristor circuit. The thyristor circuit resiores the
output voltage 1o the rated value,

The RMS converter I incorporated in the detector
circuit improves both reliability and durability. The
Proportional and integral (Pl) control systermn elimi-
nates both the steady-state deviation and the over-
shooting of the output voltage. The drift of the output
voltage at the iniial transient is also minimized and
the temperature coefficient is very small.

The Series TSA is isolated and electrostatically
shielded (between the primary and secondary sides).

2 FEATURES

$ M3 detection,

® High accwracy and high response speed.

® Low distortion. The pulse-shaped switching distor-
Hon introduced in the thyristor circuit is filtered.

® High efficiency and a compact and  lightweight
construction,

® bven if the output terminals are shotted, the thyris-
tor is not damaged.

@ Special circuit is provided to prevent the malfunc-
tion of the thyristor,

@ Maintenance free.

@ Series TSA is isolated and electrostatically shielded
thetween the primary. and secondary sidest, The
noise coained i the line voliage s reduced.

5 STANDARD SPECIFICATIONS :

q‘;l@f\r T 100 R 200
- 15% o 4 2
{4y fo 52y ar 38Hz 0 £2H2
tmndels for B, THEVA m}d duwenveards ars
vomgatible with both Sl and btbizs
Within A% foe Series TA
Within £ 1% for herden, T5A

e aved st voltage
Ingut voltage variation

Freqppency

Crggonl verlimpe

AN li?a{.‘y’

Cngpal voliage e
aclpastment

Eesadd vartation
Woanefors (Batorton

£ 0% of the waled vakee

1 T
bess than 395 inteoduce
Wb U g 1S weg,
lagairst EA% fngat wodlage variatien:
sdowre than #5% e mordels S IRV apd disenaesreds
aore than W fer models e IR ond wpeeards
far the linvoss Bpal voltage ard under rated loads
Muowe than (175 for rantleds e 2RVA and downwards
Mzre than (W8 for padels for 3RVA and upwards
(At fhe fowest input voltage and ander sated ad)
{3 bz 7

Respmnse tirne

Efficmemy

Prawer [actor

Arrdiend lemperaurs




0t 65%
Loy then 307 Cngier eaded laad for cdass A hrsubations:
Loss than P Clender ralod kead for class B insedation)
fat buttest point by thermoreetery
tgte than B ML smali capatily unds],
Mo thar 3 840 Harge Camcy Unis),
mieasurid ab D SR
Testod ot PR VAL for 1 min,
% Lnbatance of the loads is allowed up ko 20% for the models for three phase,
® With respect to the models with less than 2kVA,
Efficiency shouid be over 85% and power factor
should be 0.75 as standards.
@ In referrence 10 the single phase models with less
than 10kVA frequency 50Hz or 60Hz is compat-
ihle. The other models are manufactured as the

special type for only 50Hz or 60Hz.

4:CIHCIIIT DESCRIPTION:

Fig. 1 is the block diagram of the Series TA and
TSA. In the case of the models for three-phase, Fig. 1
shows the block diagram for each phase.
® Deviation voltage detector and phase control circuit

The deviation voltage is detected and fed to the

phase control circuit through the amplifier. The

phase conirol circuit controls the thysistor circuit o

restore the output voltage,
® Thyristor circuit

Controlled by the signal from the phase control

circuif, maintain the output voltage of the regulator

constant by varying the phase angle of the thyris-
tor.
® Waveform compensating Circuit

The harmonic distortion introduced in the thyristor

circuit is eliminated.

Hetative hurnidity

Tarnpergtre rise

irssukation resistance

Sipdactric steansth

Fig. 1 Block diagram

& Paraliel reactor

7 isolated amd dlecirostatically
shielded transformer
{Sertes TSA only}

f:Detector

THY  Thyristor

(Controd transformer

LBeries reacior

SWaveform compensating cirguit
Contrad readior

:Beviation voltage anplifier
and phase control cireuit

41 DEVIATION VOLTAGE DETECTOR AND PHASE CONTROL CIRCUIT

The block diagram of these dircuits are shown i
Fig. 2.

LE e ed B e
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A
Crriput of Eor
AR TS meaovia
Jehie

1 Fa

( *:;AG 1353)

:;
e
!

O .
To the gate of the twyristor

Fig. 2 Block diagram of the deviation voliage
detector and the phase control circuit

Main elements of each section are given in the parenthesis.}

G: Reference voltage generaior

13 Control ransformer

11 :Stahilized DU power supply
12 Stabllized DC power supply
13 : Synchronizing signal generator
14 Phase control droult

15 Phato-coupler

:Detecting lransformer
Outpret voltages adiustor
RS converter circut
:Subtracter

*Propartional (P contral circuit
Antegrat{h controd dircuit

s Adder

2500t start circult

fo= B s LI IR

The output voltage of the regulator is dropped to
about 20V by the detecting transformer and fed 1o the
RMS converter circuit, The RMS converter generates
the DL voltage proportonal to the root mean square
{effective value) of the AC input voltage. Then, the
subtracter subtract the reference voltage generated in
the reference voltage ganerator from the output of the
RMS converter. Using the output of the subiracter,
the proportional and the integral control circuits
generate control signals {1t should be noted that 1C:
serves both as the subtracter and the proportional
control circuit). Both the outputs of the two control
circuits are amplified and added in the adder. The
phase control circuit generates the trigger signal for
the thyristor, using the outputs of the adder and the
synchronizing signal generator. Finally, the trigger
signal is fed to the gate of the thyristor through the
isplating photo coupler.

The Pi{Proportional and Integral) control systern
improves the accuracy of the output voltage of the
regulator considerably, The soft start circuit restricis
the output volage for a short time after the regulator
is switched on.



AUTOMATIC VOLTAGE REGULATORS/TA-TSA

4-2 THYRISTOR CIRCUIT

When the output voltage becomes lower than the
rated value, the phase angle of the thyristor {THY)
hecomes smaller. Therefore, the impedance of the
series reactor circult b and THY) decreases and
current flows mainly through L1, In this case, power
input is mainly supplied between a and b of the
control reactor (T1) and Tr serves as a step-up
transformer{Fig. 3.

When the output voliage exceeds the rated value,
the phase angle of THY becomes larger and the
impedance of the series reactor circuit (L1 and THY)

1 Waveform compensating circuit

et ‘l Cutpt ot Output
¥ =8 .

B T

o

Fig. 3

increases, Therefore, current flows mainly through
the parallel reactor (L2} and power input is mainly
supphied between b and ¢ of Th. T1 serves as a
step-down transformer (Fig. 4).

4-3 WAVEFORM COMPENSATING CIRCUIT

The output of the thyristor circuit contains odd
harmonics. These harmonics are eliminated with the
aid of the resonance circuit comprised of reactors {Ls,
La} and a capacitor (Cr} and with the aid of a
capacitor (C2} connected i parailel to L2 (Fig. 5),

S mw{.}

' :
t H

H
F z
o 3 : &

Fig. 5 Waveform compensating circuit

O rilot lamp: Lights up when the power switch (no-
fuse breaker} is turned on.
O Voltmeter: indicates the output voliage. In the case

of the modeis for single-phase, input voltage can
also be monitored by turning the voltmeter function
switch.

@
# -

I:) “\ @,.,
S 7 Gutput
6 6 6 o :
FRONT {15 A ma ) :
T selentor :
‘ © & 7 B 2 2 e
; 60?51‘1” . LEE Y- Wi f
"""" . % . Lo i @
Wi "
; £ ; IM4FRE @ SUTFUT
" Fregusncy BN ;
...... A e

Fig. 6 Buill-in type

Fig. 7 Single-phase, stand-aione type

Fig. 8 Three-phase, stand-alone type



8 Ammeter: Indicates the output current.

O Voltmeter function switch: For the models for
single-phase only. Either the output or input voltage
can be monitored by turning this switch.

@ Qutput voltage adjustor: The output voltage can be
raised or lowered by £3% by turning this dial
clockwise or counterciockwise.

@ Power switch (no-fuse breaker)

0 Input and output terminals: Input terminals are
marked, “LJ", and “V” (single-phase}, "R”, "§" and
“1” (three-phase). Oufput terminals are marked,
“” and “vY (single-phasel, “U”, V7 and "W
(three-phase). The grounding terminal is marked
“E.

OLline voltage fine adjustors: For the models for
three-phase only. The line voltages can be adjusted
when the regulator is at no lpad or connected to a
balanced load. When adiusting the line voltages,
disconnect the balanced load.

' 6 DELIVERY INSPECTION:

When received, the regulator should be checked
for the followings:
@ Correct model number.
@ Damages in fransit,
@ Loosen screws or terminals.

if any trouble is discovered, please inform us or our
dealer.

'7 STORAGE OR TRANSIT:

When the regulator is temporarily stored or unused
for long periods, care should be taken as follows.

-1 STORAGE

Eavironmental requirermnents for storing the regula-
tor are as follows.
@ Do not expose the regudator 1o rain, water or moisture,
@ Keep the reguiator free from corrosive gases or
fiquids, dust or iron filings.
® Ambient temperature should be between —10°C
and +50°C.
® Siore the regulator on a vibration-free floor,

7-2 INSULATION RESISTANCE TEST

If the regulator has been stored for a long time it
showld be tested for insulation resistance before
using.

After turning the power switch ON, measure the
insulation resistances between the input/output ter-
minais and the grounding terminal using an insulation
resistance iester (Megger). In the case of the Series
TSA, the insulation resistance between the input and
output terminals should also be measured.

AR

i

Matsunaca

7-3 TRANSIT

Avoid excessive vibration or shock when fransport-
ing the regulator.

r8|HSTALLATIﬂN
§-1 ENVIRONMENTAL REQUIREMENTS

See “7+1. Storage”. For the ambient temperature,
see "3, Standard Specifications”.

Make sure the regulator has enough cooling space
above and around it {see Figs. 9 and 10},

Oither acupmeet

a

g S fzjz_

Oitbwer aouarert

Fig. 8 Built-in type

7 Wl
4 +
4
i mEn,
C;,‘r -
&3 B --"/
Ve :

Floor

Bomh giges by Bom min. apart from walls,

Fig. 10 Stand-alone type
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AUTOMATIC VOLTAGE REGULATORS/TA-TSA

9 POWER SUPPLY:

The power input may reach 1.65 times the rated
power output of the regulator (at full load, at the
lowest input voltage, L.e., — 15%, efficiency 90% and
power factor 0.8}, When selecting the power source
and connecting cables between the power source and
the regulator, keep this in mind.

lO LOAD CONNECTION

When the load is distant from the regulator, take
care of the voltage drop which occurs in the cables,
Use of thermoplastic-covered wires for 600 VAC or
cabtyre (lough-rubber sheathed) cables is recom-
mended. When selecting the cable, crimp-style termi-
nals and stud bolts, please refer to Table, Section 15,

l l GROUND CONNECTION

The grounding cable should be made as short as
possible. Select the grounding cable referring to
Table, Section 15.

Never connect the grounding cable to the ground-
ing rod 10 which heavy cwrent equipments are

already connected.

12 OPERATION:

After the connection, check for Ihe followings:

@ Check the connections between the power source
and the regulator, between the regulator and the
load and between the regulator and the grounding
rod. in the case of the maodels for three-phase, care
should also be taker: to the polarity of the power
source and the load.

@ Check for loosen bolis at the terminals.

@ Check whether the frequency selector is turned 1o
the appropriate position.

@ Check the input voltage {for three-phase, check the
line voltages of the input).

@ Make sure all the environmental requirements are

satistied.
12-1 OPERATION AT NO LOAD

@ After the above-mentioned checks have been
completed, turn the power switch of the load off.
When a power switch is not provided o the load,
disconnect it.

@ Turn the power switch {no-fuse breaker} of the
regulator ON. The pilot lamp lights up and the
instruments indicate the Iput ar output veltage
and the output current,

® When the output voltage deviates from the rated
value, proceed as follows:

a. Wait at least 20 to 30 seconds after the regulator
has been swiiched on.

b, Adjust the output veltage by turning the output
voltage adjustor. For models for three-phase, adjust
the line voltages of the output by turning the line
voltage fine adjustors.

T T e ——

After the output voltage is adiusted, turn the regu-
fator OFF and connect the load again. Then, switch
the regulator ON again,

Check the followings:

@ Make sure the output voltage of the regulaior is
stabilized.

® Make sure the output current is less than the rated
maxirmum current,

® Make sure no unusual noise is heard.

l 5 ROUTINE INSPECTION

The following inspection is recommended.

{11 At least every month

@ Check whether the output voltage is stable.

@ Check whether the output current is less than the
rated maximasm value.

® Check for unusual noise.

@ Check for unusual smell.

{2} Every three months to every vear

® Check the cables for temperature rise,

@ Check the terminals for loosen bolts.

® Check the inside of the regulator for dust, oily
stains,

@ Check the transformers and reactors for change of
color.
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14: MAIN CIRCUIT DIAGRAM

MODELS FOR SINGLE-PHASE (TA AND TSA)

NFR ; QUTEYT

if @wf\c’j \ : 1 },f #

g

~~~~~~~ o ®

@

o mm e m me e —  my

|
{)%JTPUT{

TS TYPED

T Control reacior

T2 Control transtormer

Ta:  Betecting transformer

Ta:  Main transformer §

{isolated and electrostatically shieided) ;

L1t Series reactor %l
|
|
|
|
|

1z: Paralle! reactor
Ls, La: Waveform compensating reactors
THY: Thyristor
Cn, Gz, Grs, Caa, Cs:
Waveform compensating capacitors
CR:, CR>:
Protection circuits
CRa: Waveforrm compensating circuit
PWEB: Deviation voliage detector and phase con-
frol circuit (Conirol circuit board)
VR: OCutput voltage adjustor
NEB: Power switch (No-fuse breaker)
PL:  Piot lamp
v Voltmeter
A Ammater
SWi: Vokimeier function switch
SWa: Fraquency selector
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MAIN CIRCUIT DIAGRAM

MODELS FOR THREE-PHASE (TA AND TSA)

INPUT . (g DUTRLT
S by (@ ¥
e
V;:(s : Q.D
‘ - WHa
b3 : !
; 1 : R (@
; ? 5 f
{F-PHASE) VQ,J
; .
W& g X
! VR
TGty o [ ) KENTICAL TO ABOVE STAGE ._.,‘J:
5-PHAGE WWW. W [)@ w
E@ ............ ‘
+hy

Cg QUTPUY
¥ f U

T+ Control reactor
Fa: Gonirol fransformer
Ta:  Detecting transformer
Ta:  Input ransformar
Ts:  Main transformer
{ispiated and electrosiatically shieided)
ki Series reactor
Lz:  Paralie! reactor
Lz, La:Waveform compensaling reactors
THY: Thyristor '
C1, Gz, Ca:
Waveiorm compensating capacitors
CR:y, CRz:
Protection circuits
GCRa: Waveform compensating circuit
PWB: Deviation voltage detector and phase cone
trod circuit (Control circuit board)
VR  Quiput voliage adiisior
VRz: Ling voliage fine adjustor
NFB: Power switch (No-tuse breaker}
PL: Pilot lamp
¥: Volimeter
A Ammeter

"

=2

2V
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l 5 WIRING MATERIALS AND VOLTAGE DROP TABLE

O dismeter  dV: Voltege drop{V/m)
Do diameter of the grounding cable

Model Ce:lbie for input sid:a Cable for cutput side De Terminal & boitsl
D av Do gV D 4V o gV input  Output Grounding
TA-1G5 Log [IRE1 A, [ERIESY] 1.6 LuRG 20 Q0BT 2 Oma A4 M4 M4
TAIG 1O 20e | 0209 4 G082 166 0478 S5 | 0.065 20 M 3 M4 M 4
TA-ID 5 S5 | 0479 ” past 1 2he | 0% 3 5087 29 M 4 M 4 M4
TAHOZ0 5 ; 2 0960 S5 | 9430 1 S8t 35 M M 3 M5
TA-EO30 14 3 gt 1 & HEXY a7 2049 5 M5 M3 M5
TA- 1050 S8 a6 086 55 M a A6
TA-H07S 4122 a 5064 14 Mo M8
TA-ID100 4182 0 5,068 14 M9 M 8
TA-IQISG €}..E?;:: Hed 4,04 2 M1z N1
TA-I0200 5087 2 5 M6 M1
R e o e e
TASI0400 8072 5§ 109x6t | SixeL | MI2
TA-10B0O0 & Flooxse | Texer | MIZ
750 s [ umxize looxee - M8
’ 100 5ax 0L 15060 | M5
readno2 | W 22 Saxse | MEer | MG
TEA104002 ; 2 Sixg | SUREE MO
TEANDSO0-2 38 iaEgt THEH M’aé”m
TSAIGTED-2 50 Tkt | 100%6 | MI2
rsaigtooz| ¥ 80 WoxEr | 150x6r | M2
TA-205 bt 1 e \ 268 2ome| M 3 M 4 M 4
.................................... T v i, - - -
166 | 81 55 8065 90 M5 M3 M5
a8g | 817 3 0567 20 M5 Y M5
TA-202% ® NN o .?;_me i 162 14 XGRS 35 RE Moa M
TA-20375 | 14 atse | a8 8 9167 2 1061 55 M8 M 3 M 6
TA- 2080 2 4132 50 TR gi8 | W 60 55 M1 M 2 M 6
TA-2075 30 1148 &6 2 @122 5 6054 14 Miz Mi0 M 8
Tac2ot00 | M 0158 | 1 22 0.1 & 4.560 14 M1l M0 M 8
Ta-20150 ol 1A 153 k] (17K HiH [IEIECH) s WS M2 NEED
Ta-20200 | o Gies | 200 i 0 | i% 0057 22 Wsdit | MIE M1
TA-202B0 018 | 250 0,436 58 pi7E | 150 0466 38 six8 | MIs M1z
TA-2037% 0175 335 0867 T3] i 67 L E] 36T Bt} THME! G xEt MY
TA-20600 ala6 a0 300 0 s b72 . Wx6r | THRBE | MR
TAS-3 B3y S Lee | 6a Sham | 0049 Toew] M & M 6 M 6
TA3-5 Siwe | 4132 1 ¢ 20 | a2 3 0858 2} M 8 M 6 M5
TAB-15 8 5.3 22 0056 Ssew | 6122 i4 0648 23 88 M 6 M 4
TAZ-10 H 14 k4 1354489 g LR R 22 PREEY 13 A8 Mg M8
TA3-15 14 8.1%6 38 1457 14 .96 @ .45 M9 M8 M 5
TAZ-20 2 ala2 6 5,048 14 p12a 18 e M0 M 8 M 5
TA3-30 40 o145 a0 B 22 6122 56 Yy i MEZ M0 M 5
TAZ-40 3 8133 1% 047 3 b1 36 B085 1 MI2 12 M 8
TA3-S0 50 AT 0.949 3 g .045 7 M6 M12 M1
TAG-75 P wlsz 00 5.055 4 0 a7 2 srgt | Mig M1
SN o o e B e - S S .
TAR-15D T {.145 125 137K T HEH SHb 4.054 5 TEHI w68 TRXAE M1z
TAG-E00 200 .145 - M} L0658 HEa) a2h {1055 Bt LK <12 J LR »12

% T5A models except the models from TS,*\~%(}3(}O~2.type o TSA-101000-2 type apply 1o all the TA maodel,

LS
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l 6 TROUBLE-SHOOTING:

SYMPTOM

CAUSE (§)

REMEDY

No output voltage
iVolimeter indicates zero)

Power source disconnected

Connect power source

Power switch turned QOFF

Turn power switch ON

Loosan terminal bolts

Tighten terminal bolts

Defective volimeter or pilot famp

Replace defective voltmeter or pilod lamp

Incorrect oulput voltage

Improper outpul voltage adjusiment

Turn outpur voltage adiustor

Input voltage oo low or too high

Use regulator at rated input voltage

Bad contact between control circuit
board and its socket

Remove and refit control circuit board

Defective control circuit board

Repair or replace defective parts

Defective output voltage adiustor

Repair or replace defective parts

Repair or replace defective parts

Defective line voltage fine adiustor
tthree-phase}

Repair or replace defectbve parts

Defective thyristor

Repair or replace defective parts

Line voltage of the cutput unhalanced

Adiust line voliages by turning line voltage
fine adiustors

Hunting oCCurs

Frequency selector in wrong position

Turn frequency seleclor to correct position

Perindic variation of input vollage at a
certain freguency (Resonance ooguss)

Check variation of input voltage

Feriodic variation of load at 2 certain
frequency [(Resonance ocours)

Defactive control circeit board

Exsconnect load and check whether

_hunting slops o not

Repair or replace defective control circuit
board

Power swilch (no-fuse breaker
cannet be turmed ON

Disfective no-fuse breaker

Repiace defective no-fuse breaker

Short circult hetween oulput terminals
of overload

Operate regulator at rated load

Burning sansformer or reactor

Replace hurning fransformer or reactor

Unusual hum

Loosen screws securing transformer
oF reactor

Tighten loosen screws

Unusual smedi

Burning transformer or reactor

Replace burning gansformer or reactor

For any assistance please comtact our engineering division {the address is given below), and infarm us of the following.

& Maodel and serfal numbers @ Fault conditions (in the case of problems) ® Operating conditions

INSPECTION CERTIFICATE

We hereby certify that this product has been
duly passed our quality standard.

APPROVED BY | TESTED BY

) Matsunaca Manufacturine Co, Ltd.

4-44, Tsunashima-nishi 5-chome, Kohoku-ku, Yokohama 223, Japan,
Prone : Yokohama 045-842-2121 Facsimile : Yokochama 045-842-2141
Telex : J36210 MATEX

HOULGB. 000 YC
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