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Abstract
Main objective is to design and implement automated control circuit to switch ON &
OFF main power feeding contactor of industrial welding transformer, depend on the
work pattern. Voltage sensing at the out put terminals of secondary winding of
welding transformer is used as a one and only input signal for the control circuit.
Reduced voltage 24 VAC is supplied to primary during idling and during operation it
converts in to 400 VAC, and this conversion takes place automatically. By that, able
to reduce idling power loss on primary winding due to open circuit core loss & iron

loss.

During designing of new system special attention was made, not to change existing
conventional welding procedure and not to introduce additional external sensors and

cables other than conventional welding electrode and welding cable.

New system was practically implemented in yard and tested for long period of time
in different work conditions in Colombo Dockyard PLC. System was tested with
existing conventional welders but no behavioral changes were observed during
welding operation after implementing new system. Successful trails were carried out

and proved it uninterrupt operation.

Under guidance and instructions of my project supervisor | worked and finally able
to came up with practically feasible solution. This report describes problem
identification, how the design concept developed, power saving and cost benefits .to

yard after implementation of new system.

The report starts with an introduction as a 1st chapter where describe the current
welding practice at Colombo Dockyard PLC, how to reduce idling power loss by
implementing new method and final goal of my project. 2nd chapter describes the
statement of the problem and problem identification, new solution and how it affects

to save energy.
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The 3rd chapter consists with gathered technical data and its analysis during

execution of design approach.

Next 4th chapter describe about proposed and implemented solutions for the
identified problem and evolution of design concept.

Fifth chapter describes the energy saving calculations and cost benefit analysis.
Finally, in the conclusion, | have explained practically and economically viability of

new product as a industrial product.
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Chapter 1

Introduction

1.1 Background about myself and Colombo Dockyard PL.C

Colombo Dockyard is the one of the biggest shipyard in Sri Lanka. Main Share
Holder is Onomichi Dockyard, Japan. Shipbuilding, Ship Repair, Heavy Engineering
and Consultancy & Design Services are the main activities caring out by Colombo
dockyard. Today, Colombo Dockyard PLC has earned international recognition as a

leading ship repairer and shipbuilder in the South Asia region.

I am an Automation Engineer of Colombo Dockyard PLC and I have been working
for last eight years. After obtaining my 1* degree from University of Moratuwa, I
joined the Colombo Dockyard PLC as a mechanical engineer on 1* of September

2000. And after 3 years | was appointed as an Automation engineer of the company.

1.2 Basic Introduction for current work practice at Colombo Dockyard PL.C

1.2.1 Current welding procedure which is practicing at yard [4]

Colombo Dockyard PLC is heavily using mainly arc welding transformers during ship
hull construction, pipe fabrication work and other steel fabrication works. Total
numbers of transforms are 685 Nos. According to the basic electrical theories for
transformers, it is obvious by reducing the supply voltage to primary winding it can
reduce the idling power loss at primary winding when secondary at open circuit

(idling).

Welding transformers which are currently being used in Colombo Dockyard don’t
have any kind of automated control circuit to switch ON & OFF the supply power

depend on the work pattern.



As per the existing system, it consist only manual switch for ON/OFF main power. At
the beginning of the day operator comes with his welding cable and connects the
cable with the welding transformer and subsequently switch ON the transformer and

starts his work.

In general during steel fabrication welder should carry out following preparation work

in addition to actual welding operation. It can not omit.

Preparation of fit up
Bevel preparation
Grinding

Gas cutting as per the situation, etc.,

During consecutive continuous welding operations operator has to be carried out
above pre preparation operations before next continuous run starts. It can be
considerable amount of time and it take 30 minute ,45minute, 1 hour and some times
it extends up to 2 or 3 hour depend on the work condition. During that time,
transformer may idle. Even though the transformer is idle, as per the existing current
practice, 400 VAC [2] gets connects with primary winding and keep on maintain 400
VAC irrespective of the work pattern till the operator switch OFF the transformer by

manual switch at the end of the day.

1.2.2 Energy wastage during idle period due to open circuit core loss & iron
loss.

As per the existing current practice, during idling time 400 VAC gets connects with

primary winding and keep on maintain 400 VAC irrespective of the work pattern.

During this idling period secondary winding side is at open circuit. But resultant

circulating current (average 10 Amp) f lows through primary winding even

transformer at idle condition. Due to this huge circulating current during idling there

is a huge energy wastage takes place.



It was measured the active power loss at primary winding during idling, by using

active power energy meter.

Specifications of used energy meter, Make: Polyphase Energy meter.

Time @ Reading on energy meter (kWh)

08.30 Hours 2.54

13.53 Hours 6.55

18.48 Hours 10.96

Table 1.1 — Measured power consumption during idling when 400 VAC gets connects
with primary

As per above table active power consumption for 10.5 hours = 10.96 — 2.54 = 8.42

kWh

Total power saving calculation will be described on chapter 5.3.

1.2.3 Specification & general configuration of Welding Transformer at Colombo
Dockyard PLC

1.2.3.1 Specification ,as per the User Manual of ESAB Transweld 400 [1,2,4]

Make: ESAB India Limited Kolkata
Model: Transweld 400

Serial No: 0407305

Supply Voltage: 415 V

Frequency : 50 Hz

Rated Input Current: 63 Amp

Input KVA  :26 KVA

Phase: 2 line of 3 Phase

Current Range: 80A —400 A
Operating Circuit Voltage: 80 V
Max Contentions hard welding current at 60 % duty Cycle — 300 A,
Weight: 115 Kg



1.2.3.2 General configuration|[3]

Primary side — o| M . Secondary side
\Y 1 VZ

Figure 1.1 — General configuration of welding transformer

V1 — Supply voltage to primary winding

V: — Induced Voltage at secondary winding

I | - Circulating current at primary winding

I 5 - Circulating current at secondary winding

R — Total measured resistance of primary winding= 1.0to 1.3 'Q

R, — Total measured resistance of secondary winding = 0.3 to 0.4 Q

1.2.4 Utilization of arc welding transformers in Colombo Dockyard PLC

Total No of welding transformers in Colombo Dockyard PLC = 685 Nos

Location No of Transformers
Yard welding pool (Ships on board, new 574
construction work beds, etc,.

Metal Workshop (MEW) 40

Pipe Fabrication workshop (PFS) 10

Deck fitting workshop (FIS DEC) 5

Steel workshop 40
Component workshop (COM) 6
Machinery outfitting workshop (MOF) 10

Total 685

Table 1.2 — Utilization of arc welding transformers in Colombo Dockyard PL.C



For every 10 hours total time duration, due to idling it will waste 8 kWh for each

transformer unit. Total No of T/F is being used in yard is around 685 Nos.

1.3 Goals and Scope of present work

During above mentioned idling period secondary winding is at open circuit. But due
to resultant circulating current (average 10 Amp) flow through primary winding, even
transformer at idle condition. Due to this huge circulating current there is a huge
energy wastage takes place. By reducing the supply voltage from 400 VAC to 24

VAC, can reduce no load current at primary winding from around 10 A to 0.1A.

By injecting reduced voltage (24 VAC) to the primary, able to provide signal to main
power feeding contactor to switch “ON” & “OFF” depend upon the work pattern of

the operator.

Goal was to invent, design and implement automated control circuit to feed 24 VDC
to primary during idling and subsequently if it needs to perform actual welding then
automatically 400 VAC gets connect with primary winding. Then welding
transformer is ready for welding operation. Subsequently by monitoring idling time
duration, if it is more than 3 minutes (most effective time period which was found out

from research), it again connects with 24 VAC automatically to save power.

Finally new system was practically implemented in yard and tested for long period of
time in different work conditions in Colombo Dockyard PLC. System was tested with
existing conventional welders but after implementing new system no behavioral
changes were observed during their welding operation. During designing of new
system special attention was made not to change existing conventional welding
procedure and not to introduce additional external sensors and cables other than

conventional welding electrode and cable.

Successful trails were carried out and proved it un-interrupted operation.




Chapter 2

Statement of the Problem

2.1 Preliminaries

Colombo Dockyard PLC is heavily using mainly arc welding transformers during ship
hull construction, pipe fabrication work and other steel fabrication works. Total

numbers of transforms are 685 Nos.

As per the existing current practice, during idling time also 400 VAC gets connects
with primary winding and keep on maintain 400 VAC irrespective of the work
pattern. During this idling period secondary winding side is at open circuit. But
resultant circulating current (average 10 Amp) flows through primary winding even
transformer at idle condition. Due to this huge circulating current during idling there

is a huge energy wastage takes place.

In order to avoid above unnecessary energy wastage during idling only action taken
by yard is displaying of sign board on welding transformer by giving instructions to

operator to switch off the plant when not in use.

According to the basic electrical theories for transformers, it is obvious by reducing
the supply voltage to primary winding it can reduce the idling power loss at primary

winding when secondary at open circuit (at idling).

Welding transformers which are currently being used in Colombo Dockyard don’t
have any kind of automated control circuit to switch ON & OFF the supply power
depend on the work pattern. As per the existing system, it consist only manual switch
for ON/OFF main power.



At the begging of the day operator comes with his welding cable and connects the
cable with the welding transformer and subsequently switch ON the transformer and
starts his work and subsequently keep “ON” the plant till the operator finishes his
work for the day.

2.2 Problem identification & Thesis statement

Instruction signboard which was displayed on arc welding transformers which are
currently being used in Colombo Dockyard PLC is the initiation point of the project
concept. Subjected sign board gives some instructions to operator. It says to
“SWITCH OFF THE WELDING TRANSFORMER WHEN NOT IN USE”.
This sign board directed me to find automated solution to switch OFF the transformer
when not in use and simultaneously it gets switch ON automatically when operator
need to perform welding operations. By that able to reduce idling power loss on

primary winding due to open circuit core loss & iron loss.

Above idea was executed as my final project under my M.Sc/PG Diploma in
Industrial Automation 2006/07 course. Named the project as “Automated control

circuit for industrial welding transformer to minimize idling power loss”



Chapter 3

Gathered technical data and its Analysis during
execution of design approach

3.1 Following are the some of CT out put current and voltage measurements

which relevant to each of CT under current sensing design approach

3 M

Primary side . ¢ Secondary side
I1 :L m ]:2
Vi % Va
0———————

Figure 3.1 - General arrangement of Welding Transformer

1. Vi=24VAC:
» CT Ration: 100/ 5 A @ primary side

Serial | Set loading value CT Voltage out | CT Current out

No condition of T/F (ie: Max | put (V) put (A)
Current level )

1 100 0.1t00.2 0.02

2 200 0.30 0.06

3 300 0.61 0.11

4 400 0.76 0.17

Table 3.1 - CT out put current and voltage measurements with CT Ration: 100/ 5 A
& V=24 VAC



2. V; =400 VAC:
» CT Ration: 100/ 5 A @ primary side

Serial | Set loading value CT Voltage out | CT Current out
No condition of T/F (ie: Max | put (V) put (A)
Current level )

1 No load 0.87 0.20

2 100 0.96 0.96

3 200 0.99 1.54

4 300 1.01 2.21

5 400 1.03 2.92

Table 3.2 - CT out put current and voltage measurements with CT Ration: 100 /5 A

& V=400 VAC

3. V=24 VAC:
» CT Ration: 400/ 5 A @ Secondary side

Serial | Set loading value CT Voltage out | CT Current out

No condition of T/F (ie: Max | put (V) put (A)
Current level )

1 100 3.35 0.04

2 200 3.30 0.10

3 300 2.95 0.17

4 400 2.64 0.24

Table 3.3 - CT out put current and voltage measurements with CT Ration: 400 /5 A

&V, =24 VAC



4. V=400 VAC:
» CT Ration: 400/ 5 A @ Secondary side

Serial | Set loading value CT Voltage out | CT Current out
No condition of T/F (ie: Max | put (V) put (A)
Current level )
1 100 0.21 1.1
2 200 0.39 2.02
3 300 0.57 29
| 4 400 0.77 3.9

Table 3.4 - CT out put current and voltage measurements with CT Ration: 400 /5 A

& Vi =400 VAC

3.2 Measured parameters during voltage sensing design

Following are the measured values of I ; & V3 by varying transformer current setting

(using currant changing regulator) with the constant V=400 VAC

This data was gathered relevant to voltage sensing design approach

| Set T/F loading condition |1, (A) V, (VAQ) T
100 4.0 67.5
200 4.2 70.9
300 4.7 73.0
400 4.9 74.4

Table 3.5 - Measured values of [ | & V, by varying transformer current setting




3.3 Following are the measured values of primary and secondary parameters

when secondary under load.

This data was gathered relevant to voltage sensing design approach

» V=400 VAC:

| Serial | Set loading value of 11 (A) 12(A) V2 (V AC)
No secondary winding (Max
Current at secondary
winding)
1 100 19.7 96.9 26.0
2 200 32.7 154.9 27.9
E 300 42.0 217.0 40.0
4 400 61.5 270.0 42.8

Table 3.6 - Measured values of primary and secondary parameters when secondary
under load and V|, =400 VAC

» V=24 VAC:
| Serial | Set loading value of I (A) I5(A) V5 (V AC)
' No secondary winding (Max
Current at secondary
winding)
1 100 1.2 5.4 0.20
12 200 2.1 10.5 0.39
13 300 3.1 15.7 0.29
4 400 4.3 21.7 0.58

Table 3.7 - Measured values of primary and secondary parameters when secondary
under load and V, =24 VAC

» Vi= 48 VAC:

Serial | Set loading value of I (A) I2(A) Va2 (V AC)
| No secondary winding (Max
Current at secondary
winding)
1 100 2.1 10.27 0.36
2 200 3.6 18.12 0.42
3 300 4.5 21.0 0.78
4 400 159 29.7 0.65

Table 3.8 - Measured values of primary and secondary parameters when secondary
under load and V; =48 VAC

-11 -




3.4 Behavioral study of welding transformer by connecting various types of step
down transformers parallel to primary winding of welding transformer.

In the case of voltage sensing design approach signal to be obtain by connecting small

step down transformer with the secondary winding of welding transformer.

Behavior was studied by connecting various types step down transformers parallel to
primary winding of welding transformer.

Primary side Secondary side

“NO” contact of C - 1

4 M \J'
400VACT 7 M 7 Rl
1 2
V,
> } 2 \
J I
“NO” contact of C - 1 % /
24 VAC T
I3

-y

Step down transformer
to obtain voltage signal
to control circuit

Figure 3.2 — Transformer with external devices during behavioral study
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Relevant readings are as follows;

@ V=24V ACwith 110 VAC/24 VAC

[ Ser. Set During welding (On load) Open circuit (No load)
No loading | [, (A) | 13(mA) | V2(V) | Va(V) | V2(V) | Vi(V) | 15

: Condition (mA)

1 100 6.47 0.79 0.18 0.084 |4.59 1.27 7.77

2 200 10.60 | 0.84 0.18 0.047 | 4.83 1.35 7.95

3 300 15.86 | 1.20 0.27 0.080 | 4.81 1.37 8.01

4 400 22.5 1.58 0.39 0.117 486 [1.40 8.03

Table 3.9 — Readings during behavioral study @ V,=24 V AC with 110 VAC /24

VAC step down transformer.

@ V=48 V AC with 110 VAC /24 VAC

I Ser. Set During welding (On load) Open circuit (No load)
No loading LA |13 Va(V) [ Va(V) | Va(V) | Vs(V) | T;
Condition (mA) (mA)
1 100 9.7 0.77 81 RAStatual 2.38 10.48
2 200 16.7 1.51 0.45 0.096 | 9.46 2.50 10.61
3 300 23.1 1.57 0.39 0.097 |9.59 2.50 10.74
4 400 29.6 2.05 0.63 0.105 | 9.69 2.52 10.88

Table 3.10 — Readings during behavioral study @ V=48 V AC with 110 VAC / 24

VAC step down transformer.

‘@ V=220 VAC with 110 VAC /24 VAC

/‘ Ser. No | Set During welding (On load) Open circuit (No load)
i loading I, (A) I3 (mA) V2 (V) V3(V) V, (V) V3(V) I3 (mA)
Condition
1 100 55.5 2.53 0.88 0.42 43.4 12.0 120.54
2 200 104.5 |3.61 1.55 0.59 443 12.27 | 20.81
3 300 108 15.6 24 6.63 44.6 12.34 | 20.81
4 400 148 15.6 26 6.5t0 8.65 | 44.7 12.56 | 20.77

Table 3.11 — Readings during behavioral study @V, =220 V AC with 110 VAC /24

VAC step down transformer.

-13 -




@ V,;=400V AC with 110 VAC/24 VAC

Ser. No | Set During welding (On load) Open circuit (No load)
loading L (A) | I3(mA) | Va(V) | Vi(V) V2 (V) | Vi(V) | I3(mA)
Condition

] 100 93 14t0 19 | 231029 | 5.5t08.5 | 68.0 19.15 | 32.84

2 200 140 16.65 33t037 | 7.6 71.0 17.37 | 34.22

3 300 202 16.6 57 11.2 72.8 19.84 1 35.25

4 400 286 22.4 59 10.4 74.5 19.13 | 35.65

Table 3.12 — Readings during behavioral study @ V; =400 V AC with 110 VAC/ 24
VAC step down transformer.

@ V1 =400V AC with 80 VAC/ 12 VAC (Resistance of primary winding — 40.9 Q
& resistance of secondary winding — 1.7 Q

Ser. | Set During welding (On load) Open circuit (No load)
No | loading I (A) | 5(mA) | Vo(V) | Vi(V) Vo(V) | Vs(V) | 5
Condition (mA)
I 100 93.9 1| 62 21t027 | 3.8t06.0 | 68.4 10.44 |22.9
2 200 162.1 | 7.6 33.7 48t06.0|71.9 10.95 | 25.8
3 300 186.3 | 9.7 43.7 53t07.1|73.2 11.19 | 27.1
4 400 308.0 | 10.4 48.3 6.4t07.2|75.2 11.48 | 28.6

Table 3.13 — Readings during behavioral study @ V, =400 V AC with 80 VAC/ 12
VAC step down transformer.

3.5 Measuring of total idling time and study of operator’s behavioral pattern
which relevant to each work location.

3.5.1 Why idling can not eliminate during steel fabrication process

In general during steel fabrication welder should carry out following preparation work
in addition to actual welding operation.

Preparation of fit up

Bevel preparation

Grinding

Gas cutting as per the situation, etc.,
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During consecutive continuous welding operations operator has to be carried out
above pre preparation operations before next continuous run stars. It can be
considerable amount of time and it take 30 minute ,45minute, 1 hour and some times
it extends up to 2 or 3 hour depend on the work condition. During that time

transformer may idled.

3.5.2 Instrument used to measure the idling time and to study operator’s work
pattern

By using data logger idling time was measured.

Specification of used data logger:

Name of instrument: Fluke View Scope meter [5]
Make: Fluke

Model: 105B Series — 11

Serial No: DM6720399

Above instrument was connected with the out put terminals of secondary winding of
the welding transformer and it continuously measures the RMS value of terminal
voltage. During idling it is 80 VAC and during operation it drops. By monitoring
that voltage level difference, I analyzed the operators welding pattern & total
idling time duration. It was measured which relevant for each work locations and
repeated samples were considered. Measurements were taken within 10 hours period

for each location.
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3.5.3 Sample screen shots during study of operator’s work pattern from above
SCOPE meter

T FlukeViaw ScapaMoise [Raadings 120181008 1:16:79

s £C
080

E 1
400V

ki) i

D08

Qm
<

w1851 30 s/Div

Walting i imderval tamer.

T FlukeViaw ScopuMutt {Reanings 121810008 11629 D}

0000

8000

5000 H

400y

qm

N D

Figure 3.3 — Sample screen shots during study of operator’s work pattern
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3.5.4 Data collected which relevant to each work location to measure total idling

time for 10 hours of total time period.

Total idling time which relevant to each of following work locates was measured and

following are the summarized measured values data. This totalized idling time is

measured for total 10 hours period. It was repeated for 5 days.

Location: Yard welding pool (Ships on board, new construction work beds, etc,.

| Sample No | Date Idling Time duration
(Hours)

2008/10/26 | 7.50

2008/10/27 | 6.80

2008/10/28 | 5.30

2008/10/29 | 6.50

2008/10/30 | 6.75

L

|
I

| (Wb —

Table 3.14 — Measured idling periods at Yard welding pool
Out of 10 hours, average total idling duration: 6.57 Hrs

Location: Metal Workshop (MEW)

Sample No | Date Idling Time duration
| (Hours)

2008/10/31 | 9.40

2008/11/01 | 7.60

2008/11/02 | 8.75

2008/11/03 | 7.25

2008/11/04 | 6.75

pAmes

Table 3.15 — Measured idling periods at Metal Workshop (MEW)
Average: 7.95 Hrs

Location: Pipe Fabrication workshop (PFS)

| Sample No | Date Idling Time duration
(Hours)
] 2008/11/05 | 5.20
2 2008/11/06 | 4.60
3 2008/11/07 | 6.00
4
5

2008/11/08 | 6.25
2008/11/09 | 6.50

Table 3.16 — Measured idling periods at Pipe Fabrication workshop (PFS)

Average: 5.71 Hrs
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Location: Deck fitting workshop (FIS DEC)

Sample No

Date

Idling Time duration
(Hours)

2008/11/10

4.25

2008/11/11

5.50

2008/11/12

4.75

2008/11/13

3.50

Wb —

2008/11/14

6.25

Table 3.17 — Measured idling periods at Deck fitting workshop (FIS DEC)

Average : 4.85 Hrs

Location: Steel workshop

Sample No | Date Idling Time duration
| (Hours)

I 2008/11/15 | 7.25

2 2008/11/16 | 7.60

3 2008/11/17 | 7.00

4 2008/11/18 | 6.50
|5 2008/11/19 | 6.00

Table 3.18 — Measured idling periods at Steel workshop

Average : 6.87 Hrs

Location: Component workshop (COM)

Samplie No

Date

Idling Time duration
(Hours)

2008/11/20

3.25

2008/11/21

5.50

2008/11/22

4.75

2008/11/23

6.25

AW —

2008/11/24

7.00

Table 3.19 — Measured idling periods at Component workshop (COM)

Average : 5.35 Hrs
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Sample No | Date Idling Time duration
\ (Hours)

N 2008/11/25 | 6.50

12 2008/11/26 | 4.75

3 2008/11/27 | 5.50

4 2008/11/28 | 5.25

E 2008/11/29 | 7.25

Table 3.20 — Measured idling periods at Machinery outfitting workshop (MOF)

Average : 5.85 Hrs

Summary:
| Location No of Average idling time for 10
‘ Transformers | hours total operation for
| individual T/F unit (Hours)
" Yard welding pool (Ships on 574 6.57
board, new construction work beds,
| ete..
| Metal Workshop (MEW) 40 7.95
Pipe Fabrication workshop (PFS) 10 5.71
Deck fitting workshop (FIS DEC) 3 4.85
| Steel workshop 40 6.87
| Component workshop (COM) 6 5.35
| Machinery outfitting workshop 10 5.85
| (MOF)
| Total 685 43.15

Table 3.21 — Summary of measured average idling periods which relevant to each

work location

9

3352
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Average idling time for 10 hours total operation for individual T/F unit (Hours)

VS Work Location

Idling time

0
Yard welding Metal Pipe Deck fitting
pool (Ships  Workshop  Fabrication  workshop
on board, (MEW) workshop  (FIS DEC)
new (PFS)
construction
work beds,
etc,. Work location

Component
workshop
(COM)

Machinery
outfitting
workshop

(MOF)

‘DAverage
idling time
| for 10 hours

total
___aneratian for

Figure 3.4 — Graphical representation of measured average idling periods which

relevant to each work location

Average idling for individual T/F unit at each work location for total 10 hours

duration = 43.15/7 = 6.16 Hours
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3.5.5 Study of operator’s work pattern during general welding operation in order to

decide the best timer setting which relevant to voltage sensing approach.

This pattern was studied with in one continuous welding run.

Time
- —

4+—> <+ >

T;— ON Time T,— OFF Time

Figure 3.5 — Study of operator’s work pattern during each continuous welding run

T, - Time for actual continuous welding operation
T, - Time for idling within the consecutive continuous welding operation with in one

continuous run.

Studied the work pattern and measured the above T, & T, values which relevant to
each work locations. Found that during continuous welding operation, the operator
takes small brake to change the welding electrodes, etc. In order to determine that

time period, used the same data logger as mentioned above.
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Following are the summarized measured values.

Location; Yard welding pool (Ships on board, new construction work beds, etc,.
Date : 2008/10/26

Idling T, idling time with in one
sample No | continuous welding run (Sec)

R 165

150

160

180

175

(WSRO R §

Table 3.22 — Measured idling period during each continuous welding run,
Location: Yard welding pool

Average idling duration: 166 Sec = 2.7 minutes

Location: Metal Workshop (MEW)
Date: 2008/10/31

“1dling T, idling time with in one
i‘r sample No | continuous welding run (Sec)
1 50
2 80
3 110
4 85
E 70

Table 3.23 — Measured idling period during each continuous welding run,
Location: Metal Workshop (MEW)

Average idling duration: 79 Sec = 1.3 minutes

Location: Pipe Fabrication workshop (PFS)
Date: 2008/11/05

. Idling T, idling time with in one

- sample No | continuous welding run (Sec)
B 120

2 150

'3 165

4 110

5 95

Table 3.24 — Measured idling period during each continuous welding run,
Location: Pipe Fabrication workshop (PFS)

Average idling duration: 128 Sec = 2.1 minutes



Location: Deck fitting workshop (FIS DEC)
Date: 2008/11/10

- 1dling T, idling time with in one
' sample No | continuous welding run

1 (Sec)

B 70

12 55

3 130

4 140

|5 165

Table 3.25 — Measured idling period during each continuous welding run,
Location: Deck fitting workshop (FIS DEC)

Average idling duration: 112 Sec = 1.8 minutes

Location: Steel workshop
Date: 2008/11/15

‘r ldling T, idling time with in one
“ sample No | continuous welding run

i{ (SGC)

a 100

2 135

W 80

4 175

s 160

Table 3.26 — Measured idling period during each continuous welding run,

Average idling duration: 130 Sec = 2.1 minutes

Location: Steel workshop

Location: Component workshop (COM)
Date: 2008/11/20

[ 1dling T, idling time with in one
\ sample No | continuous welding run

\ (Sec)

B 65

12 50

3 80

4 140

B 120

Table 3.27 — Measured idling period during each continuous welding run,
Location: Component workshop (COM)
Average idling duration: 91 Sec = 1.5 minutes
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Location: Machinery outfitting workshop (MOF)

Date: 2008/11/25

Idling T, idling time with in
sample No | one continuous welding
run (Sec)
1 85
2 95
3 105
4 170
5 165

Table 3.28 — Measured idling period during each continuous welding run,
Location: Machinery outfitting workshop (MOF)

Average idling duration: 124 Sec = 2.0 minutes

Summary:

Location

T idling time with in one
continuous welding run (minutes)

Yard welding pool (Ships on board, 2.7
new construction work beds, etc,.

Metal Workshop (MEW) 1.3
Pipe Fabrication workshop (PFS) 2.1
Deck fitting workshop (FIS DEC) 1.8
Steel workshop 2.1
Component workshop (COM) 1.5
Machinery outfitting workshop (MOF) 2.0

Table 3.29 — Summary of measured average idling period during each continuous

welding run, For each work location

Average: 115.7 Sec = 1.92 minutes
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T2 idling time with in one continuous welding run (minutes) VS Work
location

BT2 idling time with
| in one continuous
welding run
I (minutes)

T2 idling time with in one continuous welding run
(minytes)
o

0] . . .
Yard welding Metal Pipe Deck fitting Steel Component Machinery
pool (Ships ~ Workshop Fabrication workshop workshop workshop outfitting
on board, new (MEW) workshop (FIS DEC) (COM) workshop
construction (PFS) (MOF)
work beds,
etc,. Work Location

Figure 3.6 — Graphical representation of summarized measured average idling periods
during each continuous welding run for each work location

Idling time with in one continuous welding run is nearly below 3 minuets.

By considering above and other all practical aspects decided to keep general
timer setting as 3 minuets. But operator can change it further depend on the

operator’s work pattern. Adjusting facility for timer setting was provided by the

proposed control circuit. If operator needs to change he can change it accordingly.
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Chapter 4

Proposed and implemented solutions

4.1 Design approach and evolution of design concept

Circulating open circuit current was measured at primary depends on the input

supply voltage

Following are the measured data by varying V, when secondary in open circuit (no

load)

[VI(VAC) [1:1(A) V2 (V AC) 12(A)
le4 0.1t00.2 4.49 0
(48 0.3 9.31 0
l( 110 1.6 10.7 0
on 7.4 44.0 0
(Too 10.3 74.4 0

Table 4.1 - Measured data by varying Vi when secondary in open circuit (no load)

It is obvious when reducing the supply voltage to primary winding (Vi) it is
drastically reduced that the no load circulating current (I;) at primary winding. Due to
heavy no load circulating current at primary winding there is a huge power loss when
transformer at idling. By supplying reduced voltage to primary winding can reduce

the idling power loss.
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4.2 Design concept —1

At the beginning of project tried to develop control strategy by keeping primary
winding of welding transformer at open circuit. Tried to find sensing method, by
implementing vibration sensor or by injecting high frequency signal to the system.

But unable to came up with feasible and economical solution.

4.3 Design concept —2 (Current sensing approach)

Next decided to feed reduce voltage to primary winding and subsequently tried to
developed control strategy by sensing circulating current at primary and secondary
windings. Two current transformers (CT) were introduced to the system. One is for
primary winding (having rating 100A / 5 A) and other is for secondary winding
(having rating 400 A /5 A). Primary side CT is to sense initial starting and secondary
side CT is to sense actual welding operation during continuous welding run. Both CT
signals were subsequently fed to one current sensing relay module, one at a time and

tried to obtain out put from it.

4.3.1 Why current sensing approach was not feasible.

During idling primary side CT (100A / 5 A) connects with current sensing relay
through auxiliary “NC” contacts of main power supply feeding contactor. During
operation secondary side CT (400 A / 5A) connects with current sensing relay through
auxiliary “NO” contacts of main power supply feeding contactor. Expected instant
signal from subjected current sensing relay, just after touches the welding electrode
with ground. But practically it was failed due to hysteresis characteristics of the
current sensing relay. Its minimum hysteresis value is 0.5 % and beyond that unable
to reduce. Also the cost of current sensing relay is high. Due to those reasons current

sensing approach was not feasible.
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4.4 Design concept —3 (Voltage sensing approach No —1)

Hear also reduce voltage is fed to primary winding and subsequently tried to
developed control strategy by sensing terminal voltage at secondary winding. One
step up power transformer with primary 5 VAC & secondary 24 VAC and one step
down power transformer with primary 80 VAC & secondary 24 VAC were introduced

to the system in order to provide sensing signals.

4.4.1 Operating procedure

Step — 1; initially main power feeding contactor is at de-energized state.

Step — 2; 24 VAC supply connect with primary winding of the welding
transformer through auxiliary contacts (NC) of main power feeding contactor.
Then subsequently 5 VAC output voltages generates at the out put terminals of
secondary winding of welding transformer. This 5 VAC converted in to 24 VAC
by the step up power transformer and subsequently resultant 24 VAC connects
with control relay (having 24 VAC relay coil ) through auxiliary contacts (NC) of
main power feeding contactor. In order to increase the sensitivity used 5 VAC /
24 VAC step up transformer. So subjected control relay gets energized during
idling and subsequently resultant signal feeds to the timer through “NC” contact

of control relay.

Step — 3; If welder wants to start his welding operation normally he touches the
welding electrode with the ground and subsequently terminal voltage of secondary
winding of welding transformer drops and then above control relay gets de-
energized and resultant signal sends to timer and subsequently timer gives signal

to energize main power feeding contactor.

Step — 4; Then 400 VAC connects with primary winding of welding transformer.
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Step — 5; Now welding transformer is ready for actual welding operation.

Step — 6; At this stage open circuit voltage at terminals of secondary winding of
welding transformer is 80 VAC. This 80 VAC gets connect with step down power
transformer with primary 80 VAC & secondary 24 VAC through the auxiliary
contacts (NO) of main power feeding contactor. This resultant 24 VAC connects
with same above control relay coil and subsequently it gets energized. Due to each
actual welding operation above control relay gets de-energized and resultant
signal feeds to timer and subsequently timer gets reset and shifts its time counting.

That means along with each welding operation timer gets reset and shifts forward.

Step — 7; If above reset signal is failed to provide with in the set time period then
timer gives signal to main power feeding contactor to de-energized and
subsequently again 24 VAC supply connect with primary winding of the welding

transformer through auxiliary contacts (NC) of main power feeding contactor.

Step — 8; Now the system converts back to initial condition.
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4.5 Design concept —4 {Final} , Voltage sensing approach No -2
4.5.1 Difference between Design concept — 3 & Design concept — 4
Following is the only difference between Design concept — 3 & Design concept — 4

Hear avoided one above step down power transformer which having primary 80
VAC & secondary 24 VAC. Instead of above step down power transformer, hear
introduced variable resister which is set at 575'Q in order to cover all operating

ranges.

During operation 400 VAC connects with primary winding of welding

transformer and resultant 80 VAC generates by the secondary winding.

Above 80 VAC gets connect with above same control relay coil together with
series variable resistance through the auxiliary contacts (NO) of main power
feeding contactor. Resultant is again 24 VAC supply to control relay coil and rest
56 VCA drops through above variable resistance. Due to each actual welding
oration above control relay gets de-energized and resultant signal feeds to timer
and subsequently timer gets rest and shifts its time counting. That means along

with each welding operation timer gets reset and shifts forward. Same procedure

as Design concept — 3

Rest of all other steps of operation sequences are same as Design concept — 3
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4.5.2 Calculation of resister value for Variable resister which has used in control

circuit.

24 V AC Relay Coil Variable resistor

A

Figure 4.4 — Resistor arrangement to maintain required voltage across relay (R;)

Specification of subjected relay (R;) ;
Make: OMRON

Type : MY- 4

Rated supply coil voltage : 24 VAC

Resistor value of relay coil : 156 Q

R; - Resistor value of 24 V AC relay coil = 156 Q
R, - Resistor value of Variable resistor

V; - Voltage drop across R1

V, - Voltage drop across R2

V - Total voltage drop across R1 & R;

Open circuit voltage (during idling) across secondary winding terminals of welding

transformer is vary from 68 V AC to 75 V AC depend on transformer current setting.
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Short circuit voltage (during welding operation) across secondary winding terminals
of welding transformer is vary from 23 V AC to 57 V AC depend on transformer

current setting.

Minimum voltage (V) that can apply across both R1 & R; to energize relay during

open circuit (when transformer in idling) = 68 V AC

Maximum voltage (V) that can apply across both R1 & R, to de-energize relay during

short circuit (when transformer in operational) =57 V AC

By measuring following characteristics were found for relay coil;
Minimum voltage to energized subjected relay = 16 V AC
Max voltage to de-energize relay = 10 V AC

Using ohms low [6] and doing repeated calculations for different values for R found
best value for R; = 575'Q , in order to cover all above voltage ranges depends on all

current settings.

4.6 Operation procedure according to the final design.

Operation Procedure;

(A) Initial condition:

1. CI at de-energize condition

2. 24 VAC connects with the primary winding of welding transformer (TF-1)
through the “NC” of C1

3. Out put voltage of secondary winding of welding transformer is around 5
VAC

4. Above 5 VAC connects with primary winding of step up transformer (TF-3)
and it generates 24 VAC out put at the secondary winding of TF-1 and it
connects with R2 (24 VAC relay) and R2 gets energized.

5. Reset signal for timer (T) gets open through “NC” contact of R2
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(B) How it converts to running condition;

10.

12

13.

. Once welding electrode touches with ground

R2 gets de-energize.
Reset signal for timer gives through “NC” contact of R2 and timer starts
counting.

Timer gets energized and it gives signal to energize C1

400 VAC connects with primary winding of welding transformer (TF-1)
through the “NO” of C1

Now T/F is ready for welding operation

After connects 400 VAC with primary, out put voltage of secondary winding
of welding transformer increases up to 80 VAC

Above 80 VAC connects with series combination of R2 & variable resister
(set at 575°Q2) and resultant 24 VAC out put connects with R2. Then R2 gets
energize.

Again reset signal for timer (T) gets open through “NC” contact of R2

If welding operation performs (welding electrode touches with ground) above

80 VAC gets drops and R2 gets de-energize.

. Reset signal generates for timer (T) and timer gets reset and starts counting.

. Due to every welding operation timer gets rest and keeps on counting and

shifts forward.

If it fails to generate next reset signal for timer within the set time (3 minutes)
that means no welding performs, then T gets de-energized. C1 also de-
energized. Again 24 VAC connects with the primary winding of welding

transformer. Transformer at idle condition and converts it to initial condition.
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4.7 Functional block diagram according to the final design.

T

A

Initially main power feeding
contactor is at de-energized state.

24 VAC supply connect with primary
winding of the welding transformer
through auxiliary contacts (NC) of
main power feeding contactor.

Check the out

put voltage at SVAC

secondary
winding

0 VAC

Provide signal to energize the main
power feeding contactor and
subsequently 400 VAC connects with
primary winding and gets start to count

Check the out
put voltage at
secondary

winding

\

Provide reset signal from control relay to
Timer & subsequently shift the timer
setting forward

A

Check the
time value
on timer

<3
Minutes

Figure 4.5 - Functional block diagram according to the final design.
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Chapter S

Energy saving calculations and cost benefit

analysis.
5.1 Material used for control circuit and their cost
Materials for proposed control circuit
Item | Description Qty Unit price | Total price
No
Rs. Rs.
1 | Timer with reset facility, supply : 220
( VAC 1 No | 3,000.00 3,000.00
2 | Magnetic contactor, supply 230 VAC
\ coil ,2 Pole 1 No | 6,000.00 5,000.00
\ 3 | Control relay MY-2, 24 VAC 1 No 250.00 250.00
4 | Control Relay , 220 VAC Coil voltage ,
2 Pole 1 No 350.00 350.00
5 | Step down power transformer, Primary
400 VAC & Second 24 VAC, 230
VAC
1 No 700.00 700.00
6 | Step up power transformer, Primary 5 500.00 500.00
V VAC & Second 24 VAC 1 No
F 7 | Variable resister, 1K INo | 40.00 40.00
fS Powder coated weather proof metal 1,325.00 1,325.00
enclosure
Size: 400 x 300 x 150 mm 1 No
\ Total Rs.11,165.00

Table 5.1 — Material list for one unit with their prices
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5.2 Measuring of actual active power consumption of welding T/F when idling
with out implementing new system

It was measured by using active power energy meter.

Specifications of used energy meter as follows.

Specifications of the used energy meter:

Make : Polyphase Energy meter

Time Reading on energy
meter (kWh)
08.30 Hours 2.54

13.53 Hours 6.55

18.48 Hours 10.96

Table 5.2 - Measured data about active power consumption of welding T/F when idling
with out implementing new system

As per above table active power consumption for 10.5 hours = 10.96 — 2.54 = 8.42
kWh

5.3 Energy saving calculation [7]
During general steel fabrication operation, If transformer uses for average 10 hours
per day generally it will idle around 6 hours (60 %) . as per the measurement taken as

mentioned under chapter 4.6.4

Power loss during above idling 6 hours [8] = (8.42 kWh/10.5 hours) x 6 hours =
4.81 kWh

For one T/F power loss per day = 4.5 kWh
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Total No of T/F in yard in operational = 685 Nos
Total power loss per day for all transformer units = 685 X 4.5=3082.5 kWh

Total loss = 3082 Units

CEB average charge per unit = Rs. 7.00

Total loss per day = 3082 x 7= Rs. 21,574.00

Say No of working days per month: 25 days

Total No of working days per year = 300 days

Average annual loss for all 685 Nos of transformers = 300 x 21,574.00 = Rs.
6,472,200.00

5.4 Calculation of simple pay back period [7]

Average annual loss =300 x 21,574.00 = Rs. 6,472,200.00

Total material cost to make one control unit for one unit = Rs. 11,165.00

Total No of T/F in yard in operational = 685 Nos

Total material cost for all 685 Nos of units = Rs. 7,648,025.00

Simple pay back period == Rs. 7,648,025.00/ Rs. 6,472,200.00 = 1.2 years

5.5 Comparison between active power consumption of welding T/F when idling

with & with out implementing new system for one machine.

Time Reading on energy meter Reading on energy meter
(kWh) with out (kWh) with implementing
implementing new system | new system

| 0830 Hours | 2.54 10.960

13.53 Hours 6.55 11.183

18.48 Hours 10.96 11.407

Table 5.3 — Reading observed from energy meter
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Fime Reading on energy meter

Reading on energy meter

(kWh) with out (kWh) with implementing
implementing new system | new system
| 08.30 Hours | 0.00 0.000
13.53 Hours 4.01 0.223
18.48 Hours 8.42 0.447

Table 5.4 — Actual energy consumption after deducting initial meter reading.

Summary

Before implementing new system active power consumption for 10.5 hours =

10.96 — 2.54 = 8.42 kWh

After implementing new system active power consumption for 10.5 hours =

11.407 — 10.960 = 0.447 kWh

Power saving for 10.5 hours, between new and old conventional system =

8.420 - 0.447 =7. 973 kWh
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Chapter 6

Conclusion

New system was practically implemented and tested for long period of time in
different work conditions in Colombo Dockyard PLC with existing conventional
welders but no behavioral changes were observed after implementing new system.
Key point is during designing made special attention not to change existing
conventional welding procedure and not to introduce additional external sensors and
cables other than conventional welding electrode and cable. After implementing
proposed system for all welding transformers in yard it will be a great economical
benefit to yard and by saving energy it will be a solution and benefit to existing power

crisis of Sri Lanka. Even it can manufacture and sell as a commercial product.

Voltage sensing boards [9], which are currently available in market, can be used in
order to sense voltage levels at the output terminals of secondary winding.
Subsequently can produce signals for control system. But only problem is those
voltage sensing board are very expensive. And difficult to use those in rugged
environment, like ship building industry. So suggested design is very cheep and it can

use and already proved its operation in rugged environment.

-4 -



References:

[1] http://www.esabindia.com/, Official WEB of ESAB India.

2] http://www.indiamart.com/ardentengineers/pcat-docs/standard-arc-

equipment 10679914.pdf, OEM Specifications of air cooled arc welding

transformer Make: ESAB India Limited Kolkata, Model: Transweld 400.

3] http://www‘sail.co.in/IPSS/1-07-001-95.pdf, INTER PLANT STANDARD —
STEEL INDUSTRY, SPECIFICATIONS FOR ARC WELDING
TRANSFORMERS (THIRD REVISION).

[4] User Manual of subjected arc welding transformer,

Make: ESAB India Limited Kolkata, Model: Transweld 400.
[5] User Manual of Fluke Scope Meter 105 B Series I1, 0/1-Mar-1996.

[6] http://www.physics.ncsu.edu/courses/pvlabs/Z12/docs/212 OhmsLaw.pdf, Ohms

Low and Combinations of Resistors, PY 212.

[7] Moncef Krarti, “ENERGY AUDIT OF BUILDING SYSTEMS, An Engineering
Approach, October 2000.

[8] http://en.wikipedia.org/wiki/AC_power, Calculation of AC Power.

19] http://www.rossengineeringcorp.com/voltage_level_sensor.htm , ROSS
ENGINEERING CORPORATION, VOTAGE LEVEL SENSOR/INTERLOCK
CIRCUITS AND MODULES.

-43 -




APPENDIX — A: Sample screen shots during study of operator’s work
pattern from FLUKE SCOPE meter

A.1 Sample screen shots
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APPENDIX - B: Literature about instrument and equipments which were
used

B.1 Attached following are some literature about instrument and equipments

which were used during my project.

1. Timer

2. Current sensing relay

3. Current Transformers (CT)

4. Information about SCOPE Meter which was used for data logging.
5. Information about voltage sensing available in market [9]
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Transweld 400 - Air cooled welding transformer

£S48 Transweld 400 is a 400 Amp Manual Arc Welding Transformer that
comuomes unique functional and safety features. Ensures excellent welding
quaity with economy. Its natural air-cooled ensures non-stop
performance even in the most uncertain difficult conditions. Ideal for use
at site or in a workshop.

Special Features

« Natural air cooled machine ensures maximum safety

e Current available in single range. Current indicator and current control handle both on front panel
e Robust and compact construction ability to withstand rough handling at sites

« Horizontal shunt core travel ensures precise setting after prolonged use

« (Class ‘H’ insulation provides longer coil life

Ordering No.
461-0641-400

Technical Specifications

Input

Supply Voltage 415V, 2 Lines of 3 Phases, 50Hz AC
Rated Input Current 63 Amps

Rated Input KVA 26 KVA

Output

Open Circuit Voltage (Maximum) 80V

Range of Welding Current 80 - 400 Amps
Maximum Continuous Hand Welding

current at 60% duty cycle 300 Amps

(Rated welding current)

Type of welding current regulation Stepless

Type of cooling Natural Air Cooled
Net Weight (Approx). 115 Kgs

Approx. Dimension 600 x 410 x 720 mm

p. - www.esabindia.com/transweld 400.htm 4/26/2009




Specification about current control relay that has used

Current control relay RM35JA32MW
[RM35JA32MW)]

Description: Current control relay RM35JA32MW
Supply voltage: 24....240V AC/DC

Time delay: 0.3....30s

Output: 2C/O SA

Control rating: 0.15....15A

Function: Under & Overcurrent

Width: 35mm
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TIMED MULTIFUNCTION, MULTIVOLTAGE OR SINGLEVOLTAGE
RELAY - 1 DIN with backlit display

1 - Technical specifications

| ) Maximum power
Mode! ippl Tvpe of output -
ade Supply ) vp outpu A8 b

Multivoltage

230V [ 2530w AT
| 110V OVAC 210 % s 1AA 250 VEC LR Om
; ¢ over conten 1O 2 uh 200
48V AgWACDO =0 % g e NG L mst

2av 02

Maximum wite seclior al lermnals

—— Minimum m Ise duration

C € Voltage fi or msuanon test

termperaiure imis
perature limin

'ENGLISH |

conlaet

|
input statys l L Tumizr oparating
cloged: s

Cormmin (&igy ¢

stact

0 H SAudnpliar ior ko o
JUT" " stoperancn

Importam
must be pert

nent
cds and i
the

o conformily v
stons. Tha man fa(' uaie any responsaprity
use o [h‘ Sroducts, wnich must conform o partcuiar envird veniai andg:io-

: andards i

v 2 - ELECTRICAL CONNECTIONS
o swilch mans supply o' '
Sancontaiiput . connect the power supply, depending on the model, to terminals a and b :
. conrect the interlockea device toerminals 1-2-3

1 - Normally cpen contact 2 - Commen 3 - Norrr losed contact
« START and RESET h,m‘m‘s can be connected to tarmirals RX,S

Nevtral/- po
(=Tt

WARNING: n

aacs of or wih

~NOTE: in these instructions the following convention is used

CERUEREINN

117 permanently .
':“':: alight ﬁj blinking

3-PROGRAMMING
FUNCTION SELECTION
frsts,wtchm cNing i

sutamiatcally

' ted are ndi- !
= Function ;y I!

yhghting up ol ndi- i }
sT1and 72 and tre
S i lhe type of
START {exiemal symbo!
Cri CHAP 9 FUNC-

on e g FooTs
the ime scaie v

[ i funat

NB. o ey e e

O[T scale
! Fh hours

110 the tming !

TCst sunane F;Dg T

TIMER SETTING
Orice selections inade. prass OKlg  toconlnm antigo 0
timer Setting.

lary shom’% selecied Funciion, the Timer cnahrch .-
dtretme s




9t

011104

g . “ .
:Bupmesq SUIINOR kS
6 6 U
T T 6%
B ; 5 1
~ T et e s 06-104
N‘ ‘ 7 | T z |
(ST 9¢1 : r: ? , a
; - .
A DU = 2
8L | 8L 8L i
701 €6 4 €6 6 v
, ‘o_w,pum . ,,,\,a;,,um [ 0310w sz-Lo¥ Exz
;EEvm:o_mcwE_D.TMmmt
$/000€ $/0057 $/0002 510091 ¢/0051 §/00T1 §/0001 _ 011-10¥
R AR = S T
foo,: S/ ooﬁ n\col n‘ooi v\aow 06-124d
waoz $/0001 SS fcoa /005 nsov $/00€ 9-L0d
[ T NP
§/00€ /05T $/00T $/0ST S/071 $/001 S/M8 /09 /05 S/OE se-L0¥
SI001 S/SL /09 505 /0% 5708 W:wm veist T oy
EES?EEE&% ‘ ) _a?iwa
:o:mu:_umam
$E-L0d
5284 $JERIOLS00 S3IN2eS pATYH BEFTEZE
TIX09=BH “Jra1mo [TIUoq owr-Teds W T ¥ (o bu B
[ e} B e B
VAST peo| pareyd BYDE
ZH09-05 :Kouonbaig *9
AW99 U :3823[0A WIS} HaY W
T-+04[ :peaoidde prepumss S R BN
VI'V§ -y8211n0 A1epuo s L)
VO00E- Vit JUSimMD AleTLLg MR-

TS8R 1oYW

B2 AR 8 & Mmmm._s

Y g
VA

u.\nm

- ST

Buimesp auii3nQ A

e e g e S I —

T oses 009 eeet L st w1 xsT1 , | a0st1-04
Ty S v R ST T T  wwg 00t P voosoe oy | L STO,._E

Tees L Ty | seat _ovs 09 VoR0Ti-vs/y | 1009 0N
w05 w9 | so~01 o1~ mwg 1 X 0% VS008-V50s 1 1O0-0dW__
09/05 \klsﬂ%iltﬂlmﬂ“.ﬁ”?ﬂiﬂ ! .‘Muﬂcﬂvﬂo\n\t&t \!ﬁwm”&mdﬂ\\% § | L008-04W

(zH) ww—.um*.oi (a) a8uiro ﬁ fommooy (¥AID3pING S —— ; fumpuosagiAmwnd | 13PN

P ES | Hh AW B M pavy W (y) Jmamns [avy i i
1 e b —

YIWHO4SNVHL LNIYHNI BEEXH

4IWHO4SNVHL LNIHHND wils



N

yaw’ " g/ Y DAV i S & mN 22 :\\\ iy r\ - 772 =7
LG9 0, frT 47 Ay § S \ : \R\\ \\3\\\ %\

® "Saluedwoo m>zomamm_ 18y Jo m{mEmcm: ase seweu Jonpoid ||y
=3I 1" 1=

‘SPUBLIBUISN 8} Ul Palulld "PanIasal SIybL |y "uoneiodion) axni4 966 o)
966 1-1BN-1/0

*

19 E&Sm

~ mwiwm

dS01/d66/496/d 76

[enueyy s1asn @VA—,S




» \ oltage Level Sensor N Page 1 of 2

0y Exciveerive Corporar

Company I Praducts } Services | z Contacts } N!h't'érhat’i”onafl

VOLTAGE LEVEL
SENSOR

lip

Standard Model

Deluxe todel VOLTAGE LEVEL SENSOR / INTERLOCK
[ —— Useful for Power Supply Voltage Limiter, Capacitor Charge Level and,
under or over Voltage Control, or Indicating.

Ross Engineering Corporation will custom build you
voltage level sensor / indicator / interlock from our b
building blocks.

Description

For limiting, setting or indicating voltage levels of pc
supplies, required charge level for energy storage
capacitors, and voltage level intérchking.

Some of the many options available are:

e High accuracy adjustable trip point.

e High sensor input impedance for internal line or external sensihg.‘ .

e Extremely fast response or adjustable delay.

e Voltage level sensor can be powered from your AC line or DC source, 5 to

B-56RY RM 150V DC (If DC source voltage being sensed it must have a common
d-0EKY AME connection), actuate from voltage whose level is being sensed (requires at
. B-109KV RN X 0.01 ampere for trip). Can have isolated trip input.

e Voltage level sensor can have transient protection installed.
e AC or positive, zero or negative voltage level can be sensed.

e Voltage levels to +750 volts can be sensed using resistors mounted internz
on printed circuit board.

e Voltage levels greater than £750 volts can be sensed using external voltag
dividers.

e Voltage levels less than +1 microvolt can be sensed under optimum condit
e Fixed trip point can be built into voltage level sensor.

e External resistor, or a timmer potentiometer, or a remote conventional
potentiometer may be used to set variable trip point.

ntn Awww rossengineeringcorp.com/voltage level sensor htm 10/16/200%
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