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P.0.BOX 2977 - HAGATNA, GUAM U.S.A. 96932-2977

December 19, 2025

AMENDMENT NO.: IV
T0
INVITATION FOR BID NO.: GPA-003-26
FOR

ON-SITE MAINTENANCE AND REPAIR OF THE MACHECHE SUBSTATION'S T90 POWER
TRANSFORMERS ON-LOAD TAP CHANGER (OLTC)

Prospective Bidders are hereby notified of the following inclusion and response to inquiries
received from Bidder No. 7 dated November 7, 2025, Bidder No. 8 dated November 5, 2025:

INCLUSION:
Attachment A — Instruction Manual for the transformer and the On-Load Tap Changer
(OLTC) mechanism of the transformer

RESPONSE:

Bidder No. 7 dated 11/07/2025:

QUESTION:

1. We would like to request a copy of the following for the OLTC:
1. Control Diagram
2. Operation Manual

We would also request that the bid opening date be extended for another 2 weeks to enable us
enough time to source out the necessary parts and supplies needed for this project.

ANSWER:
Refer to INCLUSION above (Attachment A).

Refer to Amendment No.: Il issued December 12, 2025.

Bidder No. 8 dated 11/05/2025:

QUESTION:
1. Due to the time and coordination with Equipment Manufacturers, may we request time
extension to submit bid instead by November 21, 2025, same time.
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Also, we find the Required Completion of Eight (8) weeks upon NTP, may not be enough if
extent of repair will need replacement of parts still to be manufactured. The Transformer and
OLTC is almost 35 years in-service. Time extension will depend on the extent of damage.
May our request time extension be considered.

ANSWER:
Refer to Amendment No.: Il issued December 12, 2025.

GPA stands firm on the Completion Time of 8 Weeks Upon Issuance of Notice to Proceed
(NTP). However, based on findings of the awarded vendor, and during the project and
sourcing of required parts an extension may be considered.

All other Terms and Conditions in the bid package shall remain unchanged and in full force.
JOHN M. BENAVENTE, P.E.

%QP General Manager OLM
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ATTACHMENT A

Instruction Manual for the transformer
and the On-Load Tap Changer (OLTC)
mechanism of the transformer
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Electrical Apparatus

Surge Arresters

VariSTAR®

Type AZF Intermediate-Class
(IEC 10-kA, Light-Duty Pressure-Relief Class A)

McGRAW-EDISON
POWER SYSTEMS

COOPER
INDUSTRIES

GENERAL

The McGraw-Edison VariSTAR® Type AZF
intermediate-class arrester (Figures 1 and 2)
incorporates the latest in metal-oxide var-
istor (MOV) technology. In addition to the
elimination of gaps and the resuiting im-
provement in surge protection, the Type AZF
arrester utilizes a pressure-venting system
unparalled in the industry for intermediate-
class arresters. The Type AZF arrester has
achieved a 40-kA station-class arrester pres-
sure-relief capability — extending its appli-
cation range to include installations where
increased fault-current levels exist.

CONSTRUCTION

External

The Type AZF intermediate arrester is avail-
able in two design configurations — a metal-
top design for ratings 9:10 through 120 kV
and a porcelain-top design for ratings 3/4.5
through 27 kV. All units are designed with
aluminum base castings which incorporate
an 8.75" (22.2 cm) boit-circle mounting
diameter. This allows complete physical in-
terchangeability with existing intermediate-
class designs.

The Type AZF arrester housing, utilizing
Munsell SBG 7.0°'0.4 light gray-wet process
porcelain. provides dielectric strength and
high external creepage and arcing distances.
Cantilever strength is 33,000 in-Ibs.

All metal-top units can either be base or
suspension mounted. Ratings above 39 kV
require stacking of lower rated units and
come complete with both individual name-
plates as well as a stacking nameplate.

Porcelain-top units are ideally suited for
confined spaces — such as cubicle mount-
ing — where clearances between live parts
are critical.

Electrical Connections

Two “L-shaped” electrical connectors, one
ground and one line terminal, are supplied
with porcelain-top arresters rated 3/4.5
through 27 kV and metal-top arresters rated
9/10 through 72 kV. The ground terminal
connector is also used on arresters rated 90
kV through 120 kV, while the line terminal
(top) connector on thase arresters is an in-
tegral part of the top cap on the grading-ring
assembly. The line and ground terminals in-
clude. connector clamps that accommodate
No. 6 solid through 500 mcm (13.3mm?2
through 253mm?2) stranded copper- or
aluminum conductor.

To allow for closer mounting spacing in
enclosures, the top “L-shaped"” terminal as-
sembly and reinforcing plate is removable
on all porcelain-top VariSTAR Type AZF ar-
resters rated 3/4.5 through 27 kV. For these
applications, a separate “U-shaped" line lead
terminal clamp accommodating conductor
sizes from No. 6 solid through No. 1/0
stranded (13.3mm?2 through 53.5mm3) is
supplied.

Internal

Because of the highly non-linear nature of
McGraw-Edison’'s VariSTAR disk, the Type
AZF intermediate-class arrester is con-
structed without series gaps. The elimination
of gaps provides a significant improvement
in surge protection because the arrester re-
sponds quicker to surge waves without the
usual wait associated with the gap sparkover
characteristic. The elimination of gaps also
improves the arrester’s resistance to external
contamination.

Figure 1.
9/10 kV VariSTAR Type AZF porcelain-
top arrester.

Figure 2.

235-70

120 kV VariSTAR Type AZF metal-top

arrester.
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FEATURES AND DETAILED DESCRIPTION

TERMINALS WITH TIN-
PLATED CLAMPS
Connector furnished takes
No. 6 solid through 500-mcm
stranded conductors.

DIRECTIONAL VENTS
Built into casting to assure
transfer of fault arc safely
outside damaged arrester.

-

PRESSURE-SENSITIVE
DIAPHRAGM

Vents damaged arresters
oefore internal pressure
reaches dangerous propor-
tions.

DESSICANT

insures dry atmosphere by
absorbing ambient moisture
entrapped during assembly.

IDENTIFICATION
INFORMATION

Provides convenient refer-
ence for arrester type, vol-
tage rating, pressure-relief
rating, year and quarter of
manufacture. information is
clearly marked on name-
plate which is secured to
bottom casting.

Figure 3.

VariSTAR Type AZF construction features.

/’3

ALUMINUM-ALLOY END
CASTINGS

Contribute to light weight:
provide a sturdy base for
stacking and mounting on
various structures.

MOV DISK

Highly non-linear metal-
oxide varistor  provides
superior surge protection.

HIGH-STRENGTH, WET-
PROCESS GLAZED
PORCELAIN

Withstands thermal and
mechanical shocks; excel-
lent washing charactenstics:
deep skins provige high
creepage distance.

HEAVY STEEL COIL
SPRING

Maintains high pressure on
MOV disks providing effec-
tive contact interfaces. Pro-
tects internal parts from
mechanical shocks or vibra-
tions.
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OPERATION
The operation of a VariSTAR#* Type AZF
intermediate-class arrester differs from that
of a conventional gapped-type arrester. Like
a conventional graded-gap direct-connected
arrester, minimal leakage current is con-
ducted by the Type AZF arrester at nomrla
operating voitages. When an overvoltage
condition occurs, a VariSTAR arrester limits
the overvoltage to the required protection
level by conducting the surge current. Unlike
conventional arresters, the Type AZF arres-
ter does not conduct power-follow current.
The totally gapless VariSTAR AZF arrester
absorbs only the minimum energy required
to provide the desired protection. VariSTAR
AZF arresters are ideal for protection against
repeated high-energy switching-surge dis-
charges and provides superior protection for
applications such as capacitor banks, muiti-
ple lines, and cable circuits.

Metal-oxide technology allows a signifi-

ant reduction of all external dimensions re-

@ulting in improved pressure-relief capability
of the Type AZF arrester. Surpassing the
ANSI |[EEE C62.1-1981 requirements for in-
termediate-class arresters to vent 16 kA fault
currents without violent porcelain rupture.
The Type AZF arrester has successfully
passed the 0.2 second pressure-relief test
with currents through 40 kA (rms symmetri-
cal).

PRODUCTION TESTS

" A complete production test program assures
a quality product. Every VariSTAR disk is
tested for V,ma, leakage current and 10-kA
discharge voltage. Quality is further assured
by a series of destructive tests performed on
every batch of disks. Each completed AZF
arrester must pass leakage current and RIV
tests at MCOV and at rated voltage. In addi-
tion the seal integrity of every arrester is
checked with a helium mass spectrometer
leak test — detecting leaks as small as 3 x

O108 standard cm? of helium per second.

STANDARDS
McGraw-Edison has tested the Type AZF
arrester in accordance with the appropriate
sections of the existing standards for gap-
ped-type silicon-carbide intermediate arres-
lers. In addition, tests suitable for MOV arres-
ters, consistent with tests under develop-
ment have aiso been performed.

The Type AZF arrester meets the applica-
ble sections of the latest revisions of the fol-
lowing performance standards:

ANSI/IEEE C62.1

IEC 99-1 including Pressure-Relief Class A
CSA C233

BS 2914

AS 1307

Table 1

Recommended Arrester Applications for the Type AZR Arrester

System Voltage (kV) Line to Line) Recommended Arrester Rating (kV)
Three Wire or Delta and
Nominal Maximum SSﬁglry“ér:uwngzd Ungrounded
Neutral Wye
24 2.52 3/4.5 345
4.16 4.37 3/4.5 675
4.8 5.04 3/4.5 675
6.9 7.25 6/7.593/10
8.32 8.74 6/7.5 910
12.0 12.7 9/10 12
15
12.47 13.2 9/10 15
13.2 13.97 910 15
12
13.8 14.5 910 15
12
20.78 21.8 15 24
21 .
229 24.2 18 24
21
249 26.4 18 24
21 27
345 36.5 27 36 |
30 39 i
46 48.3 36 48 |
39 |
69 72 54 |
60 72 i
115 121 90 108
96 120 !
138 145 108 — |
120
161 169 120 —

* Preferred arrester rating for this system voltage

GENERAL APPLICATION
RECOMMENDATIONS
The rating of an arrester is the power-fre-
quency, line-to-ground voltage at which the
arrester is designed to pass an operating
duty-cycle test. Table 1 provides a general
application guide for the selection of the
proper arrester rating for a given system volt-
age and system grounding configurations.
McGraw-Edison application engiteers are
availabie to make specific application recom-
mendations. The following information is nor-
mally required:
1. System maximum operating voltage.
2. System grounding conditions.
For three-wire circuits, grounding condi-
tions depend upon whether the system
is solidly grounded at the source,
grounded through neutral impedance at
the source. grounded through transform-
ers, or ungrounded. Where unusual con-
ditions exist (high ground resistance, high

capacitive load, arc-welding equipment.

etc.) the following supplementary infor-

mation is necessary:

A. A general description of unusual con-
dition.

B. Type of construction, phase spacing.
length of line, conductor size.

C. BIL of equipment and line insulation.

D. Phase-sequence components of im-
pedances on the source side of the
arrester location.
The impedance of the transformer
and the impedance and grounding of
supply to the substation affect the
voltage during faults.

3. Available fault current.
4. Maximum line-to-ground voltage during

faults and overvoltage duration.

5. Unusual environmental conditions {tem-

perature and contamination).
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TEMPORARY OVERVOLTAGE VariSTAR Type AZF Arresters Temporary Overvoltage Capabilities

(TOV) CAPABILITY 150 T I . T 1T ] T T
i A i LTI 1l

The temporary overvoltage (TOV) capability — X T i PEIITNE i
of the VariSTAR* Type AZF intermediate- N ' S i H— 1T T
class arrester has been tested and is shown o T : L i
in Figure 4. Atrating (1.0 per unit) and above, AL I Ll W 1] A T
the curve includes the energy input to the 2 L : e B a1 W i m
device during a duty-cycle test. Between S ~ : . i
MCOV and rating (0.84 p.u. to 1.0 p.u.), the < — Ll TP g L Ll
curve shows the long-term capability reflect- =Y St iﬁ[ | R T L . -
ing the most severe duty. Under actual sys- = — 11 B I R A e Y !
tem conditions the TOV capability can be > — T - L
expected to be greater than indicated by the 2 0 i ; T —— ’ kit
curve. However. overvoltage excursions will 8 A ;i T l e
not significantly degrade the life of the arres- < e—— i w — i
ter aslong as the TOV curve is not exceeded. S 10— : i 'f o i
- 1] . I TR 1ol T N
[= I BER i Ty T Vil 4T i
PERFORMANCE S5 o o e a1 S :
CHARACTERISTICS & e S T
See Table 2 and Table 3 for insulation TR L . RS ELA f”‘ﬂ‘ ] .
characteristics and Table 4 for protective o0 T e i A i bl
characteristics for Type AZF intermediate- QR RTINS S i - B
class arresters. — T T I 7 ]
O 0.70 N lli 1 i } { t : ft llI
2107 10° 10" 10?2 10° 10° 10° 10° 10° 10° 10*
Time Duration in Seconds :
Figure 4.
Temporary overvoitage curve.
Table 2
Insulation Characteristics — for Metal-Top Type AZF Arrester (AZF1 A)
f | . ' Minimum
i : Minimum
fester . Bietenes Distance  |'mpulse Withstang | Power-frequency
Rating L {kV crest) jove v' Stan
! (kV ms) ; (kVcrest)
| cin cm in. cm ANSI AZF ANSGI - AZF
| 9°0 15.8 40.0 9.5 24.1 95 105 a3 35
| 12 15.8 40.0 9.5 24.1 110 120 5 | 95
i 15 15.8 40.0 95 241 110 150 45 100
76 25.0 63.5 145 36.8 150 175 60 ; 105
2 25.0 63.5 145 | 368 150 200 6¢ | 115
2+ 25.0 63.5 145 36.8 150 230 60 120
27 32.2 81.9 18.0 45.7 200 250 80 , 130
33 322 | 819 | 180 457 | 200 270 80 | 140
33 322 819 18.0 45.7 200 300 80 . 145
35 41.0 104.1 23.0 58.4 200 325 80 I i50
32 410 | 104.1 23.0 58.4 250 330 100 | 160
SR I AR I AR B
_ £ . : . : 100 | 190
o S 62 64.5 163.8 36.0 914 296 - 540 124 +» l 220
72 820 | 208.0 46.0 116.8 346~ | 650 145 -+ ] 255
a3 96.8 245.8 54.0 137.2 444 - 800 185+ 300
oz 105.5 267.8 59.0 149.9 468 » 850 196 «~ ! 320
1€8 123:0 | 3124 69.0 175.3 529+ | 960 221+ 350
129 1230 | 3124 69.0 175.3 590~ | 1060 246+ 380
" » Mimime = 1 2 x 50 microsecond impuise-withstand voltage is determined by multiplying 20 kA discnarge voltage (€ x

20 mic-zsecond wave) as prescnbed by paragraph 8.1.3. (a-B) of ANSI IEEE C62.1-1981 by 142,
=+ Mintmu ™ power-frequency, wel-withstand voitage 1s determined by multiplying switching surge gischarge voitsze
(1.50 » 300 microsecond wave) as prescribed by paragraph 8.1.3. (2-B8) of ANSHIEEE C62 1-:S81 tv C 82

Table 3

Insulation Characteristics — for Porcelain-Top Type AZF Arrester (AZF24)

[ ) . Minimum Minimurs
Arrester Creepage Arcing Impulse Withstand | Power-Frequency
“Rating Distance Distance (kV crest) Wet Withstznd

P (kV rms) (kV crest)

in. cm in. cm ANSI AZF ANSI AF
345 8.5 21.6 5.5 14.0 60 105 20 40 |
67.5 8.5 21.6 55 14.0 75 105 24 HEE [
910 8.5 21.6 5.5 14.0 95 105 36 a0
12 11.0 27.9 6.8 17.3 110 120 45 ‘ ot
15 11.0 279 ° 6.8 17.3 110 120 45 | &L
18 13.4 34.0 8.1 20.6 110 135 45 W
28 15.9 404 94 23.9 150 155 [¥24] i i
< 19.1 48.6 10.1 25.7 150 160 6n N
27 19.1 48.6 10.1 25.7 150 160 66 | &n
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Table 4 ORDERING INFORMATION
Protective Characteristics Figure 5 shows the bolt locations for the
Disch Voltage f sMaxir'?um Type AZF arrester base-mounting. Figures
ischarge Voltage for witching- -
Voltage Equivalent an 8 x 20 Microsecond Current Wave Surge 6 and ?show t.he reqommendeq t.hree phase
Rati Mcov N (KV crest : mounting configurations and minimum clear-
ating (V) Front-of-Wave ) Protective !
(kV) (kV crest) Level ances for the Typ_e AZF arrester. VariSTAR
15] 5 10 | 20 | 40 | 65 i Type AZF porcelain-top designs are detailed
kA | kA | kA | KA | kA | kA | (kVcrest) in Table 5 and Figure 8. Type AZF metal-top
3/4.5 3.0 20 14.4( 15.8| 17.4{ 19.1] 22.2| 253 13.8 designs are itemized in Figure 9. .
675 6.0 30 21.7| 23.8] 26.1| 28.7: 33.3] 38.0 20.8 Note: McGraw-Edison lists recommende
9:10 8.4 38 27.3{ 30.0f 33.0f 36.3i 42.1| 48.0 26.2 minimum clearances: however, national, state, or
12 10.1 48 34.1| 37.5| 41.2! 453! 52,5 59.9 327 local codes may dictate a wider spacing.
15 126 58 41.0| 45.0] 49.5| 54.5: 63.2{ 72.1 39.4
18 15.2 63 45.2| 49.7] 54.6) 60.1] 69.7| 79.5 43.4
21 17.7 86 61.5) 67.6| 74.3| 81.7 94.8/108.1 59.0 CAUTION
24 202 96 63.3] 75.1 82.5} 90.81105.3{120.0 65.6 The pressure-relief vents must be di-
27 227 100 71.1| 78.1| 85.81 94.4:109.5(124.8 68.3 H i
30 252 109 77.5{ 85.2| 93.6/103.0i119.5136.2 74.4 ;'.ec.tted ?Wa:.y Ifrgm ad’acte“:heq”'pr."em t"':
33 278 124 88.5| 97.2/106.8(117.5:136.3|155.4 85.0 limit potential damage 1o the equipmen
36 303 134 95.3/1104.7(115.0/126.5:146.7{167.2 91.5 in the event of arrester failure.
39 328 153 109.3]120.1{132.01145.2'168.4{192.0! 104.9
45 378 172 122.61134.7{148.01162.8:188.8|215.2/ 117.7 -\
48 404 182 129.91142.7(156.81172.5:200.1|228.1| 124.7 8.75%(22.22cm) DIA.
60 50.4 217 155.1{170.4|187.21205.9.238.8{272.2! 148.9 BOLT CENTER
72 60.5 267 190.5(209.3{230.0(253.0i293.5i334.6: 182.9 ! -
90 75.6 326 232.51255.5(280.8/308.9:358.31408.5: 223.2 ; 60
96 80.7 351 250.3{275.0/302.21332.4:385.6i439.6: 240.3
C 108 90.8 400 285.7|314.0{345.0]379.5 440.2|501.8; 2743 !
120 100.8 460 328.0(360.4(396.0/435.6 505.3/576.0 3149 E -
* Based on discharge voitage for a 10-kA impulse current wave producing an 120°
arrester voltage crest occurnng in 0.6 microseconds.
** Based on switching-surge coordination current of 1000 amps (150 x 300 -
0.625(1.59cm) DIA,
microsecond wave). (3 HOLES)
-8 — c c
Figure 5.

Mounting bolt locations.

B -
. ZVENTPORT
i
VALUES FOR B AND'C DIMENSIONS ARE SHOWN IN TABLE 5 OR FIGURE 9.
Jigure 6.

“Three-phase in-line mounting.

VENTPORT  VALUES FOR C DIMENSIONS ARE
SHOWN IN TABLE 5 OR FIGURE 9.

Table 5
Catalog Number, Dimensions, and Clearances for Porcelain-Top Type AZF Arresters Fiqure 7
p - igure 7.
Dimensions Three-phase triangular mounting.
)\rrester Catal A 8 ¢ Net
Rating N mt;)eg Arrester Minimum Minimum Weight
(kV) umber Height Phase-to-Ground| Phase-to-Phase of Units
in. cm in. cm in. cm Ib. kg
345 AZF2A3 123 31.2 5.2 13.21 9.0 22.9 20.4 9.5
675 AZF2A6 123 31.2 5.2 13211 9.0 22.9 204 10.0
910 AZF2A10 12.3 31.2 5.2 13.2 9.0 229 23.6 10.7
12 AZF2A12 13.6 34.5 5.2 132 8.0 229 25.9 11.8
15 AZF2A15 13.6 345 7.2 18.3 9.0 22.9 274 12.4
18 AZF2A18 14.9 37.8 8.0 203 9.0 22.9 29.6 13.4
21 AZF2A21 16.8 42.7 9.2 234 11.5 29.2 33.1 15.0
24 AZF2A24 18.8 47.8 10.0 254 12.5 31.8 34.9 159
27 AZF2A27 | 18.8 47.8 10.0 254 12.5 31.8 36.8 16.7
» Dimension A from Figure 8.
»+ Dimension B from Figure 6.
*** Dimension C lrom Figures 6 and 7.
t Minmum phase-to-ground spacmg!rommelalpomonoflop(ermnnali52.4:(5.Icm). . Figure 8
11 Minmum phase-to-ground spacing from metal portion of top terminal is 3.6™ (9. 1cm). Type AZF arrester rated 3/4.5 through 27
kv

3 5
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RATINGS AND DIMENSIONS

3.627 (9.19 cm)

E a fo

TYPE AZF ARRESTERRATED 9 10 THROUGH 39:V

3.62" (9.19 cm)
|

TYPE AZF ARRESTER RATED 45 THROUGH 72kV.

5" (127 cm)

15.817
(40.16cm}

T

Alfa "
Ve

30"
(76.2cm)
DIA.

§

TYPE AZF ARRESTER RATED 90 THROUGH 120kV

[ { Dimensions
A B c het
Armrester Catalo — —- V;letght
Rating 9 Arrester Minimum Minimum of Units
(kV) Number Height Phase-to-Ground Phase-to-Phase
in. cm in. cm in. cm b kg

9/10 AZF1A10 17.7 45.0 8.0 20.3 12.0 30.5 28.0 12.7
12 AZF1A12 17.7 45.0 8.0 203 12.0 30.5 29.0 13.2
15 AZF1A15 17.7 45.0 10.0 254 14.0 356 30.0 13.6
18 AZF1A18 227 57.6 10.0 254 14.0 35.6 35.5 16.1
21 AZF1A21 22.7 57.6 15.0 38.1 19.0 483 375 17.0
24 AZF1A24 22.7 57.6 16.0 40.6 20.0 50.8 385 17.5
C’ 27 “ b AZF1A27 26.4 67.0 18.0 45.7 22.0 55.9 425 19.3
o 30 /T azriam 26.4 67.0 18.0 457 22,0 55.9 435 198
33 = AZF1A33 26.4 67.0 18.0 45.7 220 55.9 490 22.3
36 AZF1A36 314 79.8 20.0 50.8 25.0 63.5 500 227
39 AZF1A39 31.4 79.8 21.0 5§3.3 26.0 66.6 52.0 236
45 AZF1A45 52.9 134.3 23.0 58.4 28.0 711 66.0 30.0
48 AZF1A48 49.1 124.7 240 61.0 29.0 73.7 67.0 304
60 AZF1A60 52.9 1343 29.0 73.7 34.0 86.4 87.0 38.5
72 AZF1A72 629 159.7 33.0 83.8 38.0 96.5 100.0 454
90 AZF1A90 79.3 2014 51.0 129.5 68.0 172.7 130.0 £9.0
96 AZF1A96 843 214.1 53.0 134.6 70.0 177.8 137.0 62.3
108 AZF1A108 94.3 239.5 58.0 147.3 74.0 188.0 150.0 68.2
120 AZF1A120 94.3 239.5 62.0 157.5 79.0 200.7 156.0 70.2

» Dimension A from Figure 9.
=+ Dimension B from Figure 6.
»w+ Dimension C trom Figures 6 and 7.

Figure 9.

Catalog Number, Dimensions, and Clearances for Metal-Top Type AZF Arresters.
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The following machines, and tools are required for installing and

assembling the transformer.

(1) Carrying and lifting equipment

Item Description Quantity Remarks
Mobile crane Cap. 50 tons. 1 For bushings
Lift 10 m conservator

radiators

Wire rope 1 set
Shackle Hore than 1 ton - 1 set For lifting
bushings
Hinch,roller 1 set For transfering
etc. main tank
Journal jack More than For jacking
K:D tons main tank

(2) Miscellaneous
Nail pullers, wrecking bars, canvas sheets, benzine, sand paper,

cotton cloth, etc.

(3) Testing instruments

Item Description Quantity |
Circuit tester 1 |
A.C. Voltmeter Range 150/300 VY 1 L
75/150 v 1 |
(:) A.C. Apmmeter Range 10/5/1 A 1
Voltage regulator 0 40 V,5 A 1
Megger 500 V 1 i'
2000 V 1
Dry cell 6V 1

APPROVED BY CHECKED BY | DRAWEN BY

7. el |SHbbg |10 el
Lay. 17, ,'7? /‘7%/7'37 /L/Ar// /87 APPARATUS FACTORY
TATUNG C O .

HEAVY ELECTRIC
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t0/240/48 NVA TH. USE

PAGE 1 E
ITEM PARTS DESCRIPTION Q'TY
' 1 H.V. BUSHING ASEA LF-123173-K(INCLUDE OIL GAUGE) 1
2 L.V. BUSHING 453-25429-92 1
3 DIAL THERMOMETER AKH-34-40-01-19X-5.0 1
(FOR OIL TEMP.)
4 DIAL THERMOMETER AKH-35-40-01-19X-5.0 1
(FOR WINDING TENP.) (INCLUDE THERMAL RESISTOR)
5 DIAL OIL GAUGE DIAMETER 160 ¢ 1
6 DEHYDRATING BREATHER | CAPACITY 2000G. 1
7 PARKING 1
8 PL 304 ACL20V/18V 6OHZ "W” 2PCS
O ] ”G” ZPCS
"R” 2PCS
"U” ZPCS
9 D-FUSE 500V 24 4PCS
10 AUX-RY COIL AC120V 60HZ 4AC W/BASE OMRON LY4 4PCS
11 TIHE-RY COIL AC 120V 60HZ 0~ 10S W/BASE 2FCS
PHH-M-10M-AC120V
1 2 .FI DC 125V(HAKER:TATUNG) 3PCS
13 LIGHT AC 120V 60HZ G6OW(HMAKER:PHILIP) 2PCS

APPROVED BY | CHECKED BY | DRAWN BY WEAVY ELECTRLC
SAA e 5/{,%“[0'}21@ KPEARATUS PLANT
Lo 2o of |Pec. 297 58| Rec. 20,88

TATUNG  CO.
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ELEMENTARY DIAGRA
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ORDER NO.
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1 | INDEX OF DRAWING . 21
2 | LOCAL CONTROL CUBICLE QUTLINE DIAGRAM . 2
3 | COOLING FAN MAIN CIRCUIT. . 23
4 | COOLING FAN CONTROL GIRCUIT . 24
S | HEATING AND LIGHTING CIRCUIT . 25
6 | MOTOR DRIVE CONTROL CIRCUIT . 26
7 | ALARM CIRCUIT. 27
8 | CONNECTION DIAGRAM “A” 28
9 | CONNECTION DIAGRAM ‘B’ 29
O 10 | CONNECTION DIAGRAM *C” 30 1

| 11| CONNECTION DIAGRAM FROM MOTOR DRIVE TO CUBICLE 31
12 | NAMEPLATE FOR CONTROL PARTS 32
13 . 33
14 34|
15 35
16 36
17 37
18 38
19 39
20 40

GPA. PO. NO.BEOO-01137
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1 . N ° ,w ° 4 . 5 * m . e N . m ° g ®
PF 2 2/17
DESCRIPTION \ N
1. VOLTAGE METER. M 1
2. LAMP FOR POWER SOURCE. o — — A
3. LAMP FOR CONTROL SOURCE. = “ 3 )
4. CHANGE OVER SWITCH. , o Y R v ® @
5. CHANGE OVER SWITCH. |LocAL conTROL cUBICLE ] ~ N
6. LAMP FOR TAP RUNING. | ! . ©30
8. LAMP FOR HIGHT LIMIT. _ ! ! ©) & © ® © ®
9. LAMP FOR COOLER OFF. “ 'S 6 & OFF OFF o
10. LAMP FOR COOLER ON. ! ! . 5
11. CONTROL SWITCH FOR TAPS. “ " §>ZCG>C40. 1 Z>ZCG>C40. §>ZCG>C40.
| 12 e o v _ w A |0, e B 0,
) 14 NFB FOR MOTOR DRIVE CONTROL. a0 a b
15. NFB FOR COOLING CONTROL. o " = H H m Y 31
16. NFB FOR HEATING. z ! —— 6-PF 1/2 “
17. NFB FOR LIGHTING & OUTLET. / o a___1
18~29. NFB FOR COOLING FAN. H| 9 o 4
30. RESET PUSH BUTTON. = ! = IR o i
31, :oxm_zo SWITCH. = I R N =0 | S o 13 1415 16 17 “
90. AVR(AUTOMATIC VOLTAGE REGULATOR)| o mEL mﬁ o il ﬁ
TB. TERMINAL BROCKER. c _ - o N B]8]8]8]8] OO0
32. PTT. d .
33. CTT. . | H ° Y
S ERNGSTAT 2-PF 3/4" 4 | | R RN IER
36. OUTLET. . " !
7—PF 1/2 J _ m 18 19 20 21 22 23 24 25 26 27 28 29
i
_ “m H|/EBB|8|8|B8|8|8|B8(B|8|8
| 35
(2 _ |
& _ll" ﬂIJ
E\l Izﬂl m :wo.. B
I ﬁ ﬁ B
[ L E
L B L
T S \
—~{ 150 1B o
i 800 - -~ 500 ———
PF 5/4" PF 7/2"
i i i
G.P.A.P.0.NO.BB00-01137
APPROVED BY |CHECKED BY|DESIGNED BY [DRAWN BY| G.P.A 28MVA LOCAL CONTROL
5 S Wm&&  Whicten-Fed R&E | CUBICLE OUTLINE DIAGRAM
= oy, /1 /EE ocT — 1488 |/8—03—17
20 REGISTERED ‘ 478—02165-02
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POWER SOURCE
19 AC120V
m“m.I\NLT\\\Eo 3gmm’ s
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ITEM| DESCRIPTION
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REVISION

OO
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27 | NO.JIO FAN a7 | 11

28 | NO.11FAN 48 | 12

29 | NOI2 FAN 49 | 13
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1. Introduction

1.0 Structure of the manual

The manual is subdivided into 5 main

registers: -

T AT SV T

o T 2 phvery S e ey

L& =L
—~
=
4
&

3 e o b = .

Since we follow a policy of continous
development and improvement of our
tap-changers the data and information
contained in this manual is only binding
for offers and orders, when this is ex-
pressly stated by us. When such

e e et e e e F1L B prmarii s e g o e @ § I Met00d ik | ¢t e S G S el TRt

confirmation is given both-the Reg.-No.
and the Drawing-No. of the manual do-
cumentation must agree with our given
confirmation.

If this is not so we shall be informed
without delay. ’

1.1 Description of Trafo-Union on-load
tap-changers

1.1.0 The Trafo-Union Basic Type
Program

Trafo-Union on-load tap-changers are
of the well-tried Jansen type. They com-
prise a tap selector with or without a
change-over selector and a diverter
switch of the high-speed transition re-
sistor type oil-immersed in a pressure-
tight insulating tank and therefore ab-
solutly separated from the insulating
liquid of the transformer, Figs. 1 to 9,
(Reg. a.09-a.12).

The Trafo-Union Basic Type Program
comprises four Basic Types | to IV,
according to Reg. a.20, of which indi-
viduat application ranges are listed in
Table 1.

The range includes on-load tap-changérs
in neutral-point and single-phase versions
for rated currents between 200 and

> 3000 A, system volitages 10 to 420 kV
and above. The new Trafo-Union Basic
Types incorporate the experience gai-
ned from the production of more than
10,000 on-load tap-changers which are
in service in transformers with power
ratings up to more than 1000 MVA.
Trafo-Union on-load tap-changers have
given excellent service also under the
most severe operating conditions in
network transformers, generator trans-
formers, furnace transformers, rectifier
transformers and special transformers.

< Basic Type

\‘x 1

Application range i v

System voltage kV 10— 150 10- 220 10 — 420 10 —> 420
Trénsformer power in neutral 1—~ 35 10 — ~ 100 20 — ~B800 30 — >1000
point connection (MVA)

Transformer power in 1—~ 60 10 — ~ 200 > 20 > 30

delta connection (MVA)

Table 1: Application range of Trafo-Union Basic Typeon-load tap-changers.

Introduction
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Each Basic Type of on-load tap-changer
is available in several versions. A buil-
ding-biock system allows the many
different versions to be assembled by
use of equal components. For each Basic
"Type of selector this offers many possi-
bilities in terms of the number of steps,
characteristic connections, number of
sefector levels, test voltages and moun-
ting arrangements.

According to Reg. a.21, for example,
with the Selector Basic Type I there
are in all approximately 1000 available
versions. Despite the plurality of ver-
sions, economic production and short
delivery times are made possible by the
building-block system.
All tap-changers in the Basic-Range
~amply with the requirements of 1EC
4,VDE 0531, NEMA, ANSI and
diher national rules. They also satisfy
the overload conditions specified in
IEC 354 and VDE 0536. The short-
-circuit current considerably exceeds the
requirements of 1EC 214 and VDE 0531
partially.

1.1.1 The Trafo-Union combination
system

The Trafo-Union Basic Type Program
is also designed to permit modules of
different Basic Types to be combined
with each other. According to the inter-
connecting lines in Reg. a.20, for exam-
ple, it is possible for the Basic Selector
111 to be combinedwith either diverter
switch tank H or IV as well as 1.
This further allows all diverter switches
o V11 which can be used in these
«iree diverter switch tanks to be com-
bined optionally with the Basic Selector
I1. The combination system has con-
siderable economic and technical bene-
fits. According to the particular require-
ments it permits the cheapest modules
to be used to build up a suitable tap-
-changer.
Moreover, in the case of transformers
where the number of on-load tap-
-changer operations is exceptionally high
it is possible to use a diverter switch of
a higher rated current in order to in-
crease the electrical life without also
having to use a selector of higher rated
current.

1.1.2 Survey of types

Each Basic Type can be used for win-
dings, which have star or delta connec-
tion, three-phase transformers, singie-
-phase transformers and autotransfor-
mers, see Reg. a.22.

In the neutral point connection — on-
Hoad tap-changer Type CRN — ail three
phases arc combined in one tap-changer
column. For the delta connection the
exceptionally economic and compact
on-load tap-changer Type XRS with two
tap-changer columns is available or the
on-load tap-changer Type 3 x ARS with
three columns. A survey of the complete
Type Program is given in Reg. a.23. The
Reg. a.70 to a.76 show the most impor-
tant characteristic connections practi-
cable.

1.1.3 Special features of Trafo-Union
on-load tap-changers

The Trafo-Union on-load tap-changers
are of compactness, simple installation
and, as a result of their simple mode of
operation, high reliability and long life.
Tap-changer Types B 1, Il and 111 can be
fitted directly into the transformer as
supplied by the factory, i.e. without any
preparatory work. For special cases the
Basic Type |l requires some minor in-
stallation work at the change-over selec-
tor to be done. All on-load tap-changers
are suitable for vapour-phase drying.
See the mounting instructions.

All selector contacts have a solid silver
facingof a thickness adequate for several
million switching operations. The mating
contacts are made of copper or a high-
-strength copper alloy. In addition to
long mechanical life this pairing of ma-
terials offers the advantage of only a
very slight increase in contact resistance
due to the formation of foreign layers
of the surface during many years of
service, even under very unfavorable con-
ditions in this respect, namely very few
switching-operations. This feature gives
a high level of security against contact
failure due to the formation of oil
carbon

The lightning impulse withstand voltages
of the individual insutating distances in
the tap selector, change-over selector and
diverter switch are carefully matched to

‘cach other so that, whilc maintaining

minimum size, the tap-changers can be
used for the many different types of
winding and connections of the tap-
ping winding. See chapter 2.3 and 2.4.

The diverter switches are of the high-
-speed transition resistor type employing
the well-tried flag cycle system. Gen-
erous contact surfaces of burn-resistant,
sinterer tungsten-copper combined

with accurate paraliel location ensure

a long electrical life for the diverter
switch contacts. Depending on the rated
current and type of diverter switch, a
contact life of more than 500,000 on-
-load tap-change operations, when carry-
ing rated current continuously, can be
achieved. Long creepage paths inside
the diverter switch and between the
diverter switch and earth potential
ensure high dielectric strength even after
many switching operations.

The cover for each diverter switch tank
incorporates a large-area pressure relief
device which protects the tank at dis-
turbances involving a severe rise in pres-
sure. The diverter switch with transition
resistor can be easily lifted out for revi-
sions after removing the top cover on
the tap-changer.

1.1.4 Special versions

Tap-changers with high numbers of
steps:

The B |1 on-load tap-changers can be
supplied in special versions with a mul-
tiple change-over selector suitable for
up to 125 steps. Further details are
available upon request.

Tap-changers of short length:

On-load tap-changers of less than nor-
mal overall length can sometimes be
required for large power transformers.
For such applications there are special
versions having two selectors side by
sidn, see Reg. a.29 and Fig. 7. Further
details are available upon request.

Introduction
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1.2 The subassembly groups of
Trafo-Union on-load tapchangers

1.2.0 Survey

Reg. a.24 and a.25 show the principal
subassembly groups and individual
parts of the Trafo-Union on-load tap-
-changers.

All types can be delivered either for
cover mounting, as in Reg. a.24, or for
fork mounting, as in Reg. a.25.

The cover-mounted version is used, when
the core and coil assembly of the trans-
former is attached to the cover and
both are inserted into the transformer
tank together when the core and coil
assembly is ready. Fork-mounting tap-
-changers are better, on the other hand,
for dome-type tanks or when the trans-
former cover is not fitted until the core
and coil assembly has been insertet into
the transformer tank.

The numbers in brackets in the text arc
the subassembly group or individual
parts (according to Reg. a.24 or a.25),

1.2.1 Diverter switch with
transition resistor —
subassembly group {300)

The switching cycle of a Trafo-Union
diverter switch is shown in Reg. a.26.
Reg. a.27 shows a refevant switching
oscillogram. The diverter switches are of
the high-speed transition resistor type.
The motor-drive mechanism compresses
a set of energy storing springs in the
diverter switch, which perform the
switching operation independently of
the motor-drive mechanism. The tran-
sition resistors are also designed in ex-
cess of {EC 214 rules to permit occasi-
onal switching operations at three times
rated current.

On the basis of extensive testing and the
evaluation of all available operating ex-
perience, Trafo-Union diverter switches
were further developed so that the new
program offers a mechanical life between
approximately 400,000 and 1 million
on-load tap-change operations, depend-
ing on the type of diverter switch.

1.2.2 Tap-changer top section and
diverter switch tank —
subassembly group (100) and (200)

The diverter switch tank provides abso-
lute separation of the diverter switch
oil, which becomes contaminated with
carbon particles due to arcing, from the
insulating liquid of the transformer

The growing emphasis on gas analysis
for the detection of faults in trans-
formers means that a reliable seal be-
tween the transformer insulating liquid
and the diverter switch oil is becoming
more and more important. In the new
types, therefore, double sealings were
adopted for all joints on the diverter
switch tank. They are designed so that
either one of the sealings can be renewed
after opening up the top of the tap-
-changer the second sealing can either
be supplemented {in the case of tap-
-changer types B | and I1) or renewed
(B 111 and V) without first lowering
the level of the insulating liquid in the
transformer tank.

Many tests have shown, and practice
confirms, that even the best sealing ma-
terials available at present age to a cer-
tain extent under the extreme condi-
tions found in transformer tanks — high
temperature and the effect of mineral
oil. When leaks occur after some years
in service the new system allows sealings
to be supplemented respectively re-
newed without difficulty.

The design of the input bearing (501 or
520) for the drive shaft is such that,
when opening up the top of the tap-
-changer for revision, ets., the shafting
between the motor-drive mechanism
and the tap-changer does not have to be
disturbed — therefore there is no danger
of inadvertently coupling up wrongly
afterwards. Revisions are simplified as a
result; see also the mounting instructions.
All diverter switch tanks are pressure
tested by the factory to a pressure of
0.7 bar.

The top section of the tap-changer in-
corporates connecting flanges for the
pipes to the conservator {116} and for
an oil drain valve (117).

In the case of diverter switch tanks
Basic Type | to 1V — except the fork
mounting version of Basic Type |l —
there is an extra flange (118) through
which the space between the diverter
switch tank and the transformer tank
top can be vented.

If a pipe is taken from this flange to the
Buchholz relay for the transformer tank,
any gases formed as a result of faults in
the transformer and possibly collecting
under neath the cover flange of the tap-
-changer will be led to the transformer
Buchholz relay, see Reg. 1.06, 1.07,

1.13 and 1.14 and the mounting in-
structions.

The surge pressure protective device
{101) which is always incorporated in
the top section of the tap-changers
comprises a large-area diaphragm (106)
which bulges outwards, when the internal
pressure exceeds the maximum permissi-
ble value and first lifts the rupturing
knife (104) causing a contact to be
operated. This contact responds only a
few milliseconds after the maximum
permissible pressure has been exceeded
and trips the transformer circuit-breaker.
Thus, the device permits a rapid tripping
of the transformer in the event of a

fault inside the diverter switch tank. For
further details see the descriptions
"Surge pressure protective device for
on-load tap-changer.”

Introduction
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1.2.3 Tap selector and change-over
selector —
subassembly group {400)

The pairing of copper and solid silver
for the selector contacts show excel-
lent results during many years of
service with numerous Trafo-Union
tap-changers.

With the modern Trafo-Union designs
a very high level of reliability and long
life are still obtained under extreme
operating conditions, i.e. as unusually
high as unusually low numbers of
switching operations.

The Basic Selectors | and 1 are practi-
cable for 4 to £ 17 steps and !l and IV
for 4 to + 19 steps. The most important
connections practicable are shown in
Reg. a.22, a.70 to a.76.

The change-over selector for the Basic
Selectors 111 and |V is practicable in
five different versions for each, see
Reg. a.28. The version with damping
and/or control resistors — versions

C to E — shall be chosen if there is the
possibility of heavy discharges due to
capacitive voltage displacement on the
fine tapping winding when the change-
-over selector contact is open. In the
case of B Il the D version can also be
used by fitting additional contacts
under the change-over selector. These
various possibilities cover almost all
conditions encountered in practice.

* The damping resistors will be always
delivered if change-over selectors fit-
ted with damping contacts — version C
and E according to Reg. a.28.

If control resistors are necessary on the
change-over selector it is advisable to
also obtain these from Trafo-Union.

When deciding whether or not damping
resistor or control resistor contacts are
necessary on the change-over selector
remember that we are always available
for consultation.

1.2.4 Accessories

Customers ordering their first tap-
-changer with cover mounting are de-
livered with a marking-out template

for the thread bolts (112) for securing
the cover flange on the transformer tank
top immediately the order is received.
Every tap-changer is also supplied with a
socket spanner, Reg. 7.01, for tight-
ening/releasing the diverter switch fixing
bolts during revision work. A lifting
device for the diverter switch is in-
cluded with the Basic Types |{! and 1V.

If the lightning impulse voltage stresses
111, Reg. a.61, exceed the permissible
values given in the data sheet, devices
for limiting these overvoltages can be
incorporated in the tap-changers.
Votitage dependant resistors with spark
gaps connected in series are normally
used for this purpose (702). They are
mounted directly on the diverter switch
in the diverter switch tank and therefore
can be checked, when the diverter switch
is being inspected. They involve no ex-
tra overall length, i.e. dimensions e and
g, Reg. 0.01 to 0.89, remain the same
when this protection is fitted.

If required, however, voltage dependant
resistors without spark gaps can also be
provided (701). Again they will be nor-
mally fitted in the diverter switch tank
if the step voltages are low. Higher step
voltages necessitate an elongation of the
diverter switch tank {dimension g) to
accommodate the voltage dependant
resistors. In this case we recommend
fitting to the selector. In view of the
generous safety factor incorporated in
the sizing of the voltage dependant
resistors it is possible to recornmend this
often applied and proven solution with-
out restriction. The overall length of the
tap-changer is increased to dimension d,
Reg. 0.01 to 0.89.

The following are also available to order:

Protective relay for diverter switch
(703}, Reg. 7.03.

This is fitted in the connecting line be-
tween the top section of the tap-changer
and the conservator. It responds in ex-
cess of a predetermined value of velocity
of flow and trips the circuit-breaker to
isolate the transformer from the network.

Locking gear (705)

As additional safety precaution against
uncorrect coupling of the motor-drive
mechanism and the on-load tap-changer
e. g. after the shipment of transformer,

it is possible to build on a locking gear
(705) at each input bearing (501, 520)
{Reg. 5.50, 5.51). Function see: ""Moun-
ting instructions for on-load tap-changers”

Oil-purifying apparatus:

It is connected to flanges {116) and
(117) on the top section of the tap-
-changer. It is automatic in operation.

1.2.5 Motor-drive mechanism —
subassembly group (600)

There are two types of motor-drive
mechanism available — MA-E and
MA-E/2.

They comprise the drive motor and
gearbox, electrical and machanical end
stops, clectrical control system and po-
sition indicating device. The motor
size is selected by Trafo-Union accord-
ing to the torque of the tap-changer
involved. The running time of the
motor-drive mechanism is narmally

5 s per step.

For the selector typesBland B Il a
running time of 2.5 s per step can also
be arranged, if required. Suitable mo-
tors for three-phase a.c., single-phase
a.c.or d.c. at various voltages can be
supplied. Also, numerous special
circuit arrangements and additional de-
vices can be incorporated, if required.

The Type MA-E motor-drive mechanism
offers more facilities for the fitting of
extra devices than the Type MA-E/2
mechanism due to its larger size. Fur-
ther details are given in the separate
operation instruction of motordrive
mechanisms.

Introduction
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1.2.6 Possible arrangements of the
tap-changers and shaftings —
subassembly group (500)

There are alternative shafting arrange-
ments available for placing the input
bearing on the top section of the tap-
<changer on the side of the transformer
tank, as shown in Reg. a.24 and a.25.
The shafting systerns are built up from
modules which permit a large number
of different arrangements, sce

chapter 3.5.

Each input bearing (501 or 520} incor-
porates a position indicator which
ensures that the motor-drive mechanisin
is always coupled up to the tap-changer
in the correct position so that the drive
mechanism is properly lined up with the
tap-changer. This eliminates the possibili-
ty of damage due to coupling-up incor-
rectly.

1.2.7 Type designations

The type nuinber key for Trafo-Union
on load tap-changers is explained in
Reg. a.32. The Reg. a.30 and a.31 yive
the type designations of the diverter
switches and selectors available for the
Basic Program on-load tap-changers.

. 1.3 Thyristor tap-changers

A thyristor tap-changer suitable for

the abnormally high number of
switching operations encountered
specifically on electric locomotives is
available and was used in large numbers
for many years. Further details are
available on request.

2. Technical data for Basic Type |

on-load tap-changers

2.0 Survey

Reg. a.40 contains the essential tech-
nical data.

2.1. Diverter switch --
subassembly group (300)

The technical data on the diverter
switches are given in Reg. a.41 to a.45.

Diverter switch types 211,411,611,
Load characteristic curves Reg. a.41.
Contact life, Reg. a.44.

With single-phase diverter switches the
permissible step power can be increased
by dividing the winding into two or
three parallel branches, see Reg. a.41.
However, a necessary precondition for
this is adequate stray inductance he-
tween the parallel winding branches.
Further details are available upon
request

The curves of contact life, Reg. a.44,
are valid for a constant average load
current of the diverter switch. If the
load fluctuates severely or part load of
transformier is carried continuously the
contact life will be much greater than
indicated in Reg. a.44.

For Basic Type | the lightning im-
pulse withstand voltage hetween selec-
ted and preselected tappings in the
diverter swilch ({insulating distance 111,
Reg.a.61) 15 30 KV with a full wave
12/50 s, as shown in Reg. a.43. The
actual stresses which occur at this point
in the transformer, however, are con-
siderably shorter and usually correspond
approximately to a wave 1/5 us With
this shorter time of stressing the light-
ning'imp/l\,ulse withstand voltage increases
to 110 kV . If the stresses occurring at
this point in the transformer are higher
than the given withstand voltages, volt-
ge dependant resistors will be fitted for
voltage limiting in the tapchanger, see
chapter 1.2.4,

2.2 Diverter switch tank —
subassembly group {200)

For technical data, see Reg. a .50
and a51.

2.3 Tap selector and change-over
selector —
subassembly group (400)

For technical data, see Reg.a.52,
a.62and a.63.

For Basic Type | the lightning im-
pulse withstand voltage hetween selec-
ted and preselected tappings in the
selector {insulating distance 111,

Reg. a.61) is 130 kV with a lull wave
1,2/50 ps, as shown in Reg. a.52, a.62
and a.63. The actual stresses which
occur at this point in the transformer,
however, are considerably shorter and
usually correspond approximately to a
wave 1/5 ps. With this shorter time of
stressing the lighitning impulse with-
stand voltage increases 185 kV in

the case of oil-inunersed transformers
and to 150 k/\\/ with ascarel transfor
mers. M the stresses occurring at this
point in the transformer are higher than
the given withstand voltages, voltage
dependant resistors will be fitted for
voltage limiting in the tap-changer, see
chapter 1.2 4.

Introdac ion and
technmieal data
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2.4 Connections

The Reg. a.70 and a.71 show the prin-
cipal connections and arrangements of
the tapping windings of the trans-
former which can be fitted with Basic
Type on-load tap-changers. All connec-
tions shown can use the Basic | selec-
tors except in those cases where a two
way change-over selector is needed.

Each of these connections can have
different numbers of steps according

to the characteristic connections shown
in Reg. a.72 to a.76.

With the 5 to 9 selector rods practicable
with Basic Selectors | and ! atl numbers
of steps between 8 an 17 with no

dead steps (positions of equal voltage)
can be designed for reversing connec-
tion and also coarse/fine. Furthermore,
18/22/26/30/34 steps with no dead
steps and no blocked up positions are
possible.

An example for a connection with dead
steps see Reg. a.79.

The number of rods of the relevant
selector is indicated by the first two
figures of the characteristic connections
number in Reg. a.72 to 4.76, e. q.

0604 = 6 sclector rods, 1004 = 10 se-
lector rods.

From the point of view of price
characteristic connections with a smailer
number of rods are cheaper. Similar-

ly, it must be remembered that the
lightning impulsc withstand voltane

in the tap selector falls, when the number
of rods exceeds 7. In such cascs it can
be better to choose a connection with

a higher number of steps but a lower
number of rods and to block up the
surplus positions in the range with the
smallest number of turns, if necessary,
e.g. to select characteristic connection
0511 instead of 0905 and block up

tap 5. Despite a greater number of steps
on the tapping winding this solution
does not necessitate a greater total
number of turns for the transformer
windings {main winding and tapping
winding).

More unfavourable lightning impulse
voltage stresses between adjacent
contacts in the tap selector can cause
a reduction in the permissible lightning
impulse withstand voltages for insulat-
ing distances |Va and IVb by the fac-
tors K according to Reg. a.60 at some
connections compared with the values
given in Reg. a.62,a.63.

The connection diagrams in Regq. 4.20
to 4.24 show the position of the con-
tacts and the run of the factory-fitted
internal conductor connections on the
selector for the most important charac-
teristic connections and numbers of
steps.

Connection diagrams for further charac-
teristic connections available upon
request.

2.5 Weights, oil contents

The appropriate data are given in
Reg. a.90 to a.92.

Technical data
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3. Dimension drawings

3.01 Dimension drawings of normal
types —
subassembly group (000)

On-load tap-changers for
cover mounting, Reg. 0.01 to 0.04.

In these dimension drawings the input
bearing and vertical insulating shaft
are shown for the above-cover shafting
arrangement. In addition, the position
of the pivot (507) of the selector
gearing is shown dotted for the hori-
zontal insulating shaft arrangement,
which is avaitable to special order.

On-load tap-changers for
fork mounting, Reg. 0.05 to 0.08

In this version the insulating shaft is
normally horizontal with the coupling
point at the pivot of the selector gearing
(507). As a special order a vertical in-
sulating shaft {521) is also available
with the input bearing (501) on the
transformer cover (shown dotted).

The position of the insulating rods in
the tap selector and change-over selec-
tor is shown in Reg. 0.90. The position
of the connecting points of the contacts
for the selector conductors are shown in
the connection diagrams, Reg. 4.20 to

L 4.24,

and tap-changer detail drawings

3.03 Dimension drawings, combination
types —
subassembly group (000)

The following combination is possible
with Basic-Selector |.

Combination Basic Selector | with di-
verter switch and diverter swilch tank
Basic Type I1.

This combination will be used if the step
power of the Basic | diverter switches is
inadequate, if the lightning impulse
withstand voltage in the diverter switches
hetween selected and preselected tap-
ping is indequate or if extra long elec-
trical life of the diverter switch contacts
is required for transformers involving an
exceptionally high number of switching
operations. The dimension drawings of
Basic Selector | are applicable for the
selector and selector details and the di-
mension drawings from the Basic Type I|
manual for the diverter switch tank, tap-
-changer top section and shafting

Reg. 0.50 gives an example for the coin-
bination of the neutral-pomnt version
Basic Selector | with the Basic Type Il
diverter switch and diverter switch tank
far cover mounting Reg. 0.55 shows
-he same combination but for fork
mounting.

The essential technical data

contain Reg. a.47.

3.1 Tap-changer top-section —
subassembly group (100)

For details, see Reg. 1.01 to 1.20.

The on-load tap-changer top section
{100} on the fork-mounted version can
be rotated 20 times by 189 in relation
1o the selector (400}, according to the
thread bolts circle. Additional the surge
pressure protective device (101) can be
rotated 18 times by 209 in relation to
the top flange (103) according to the
pitch circle. By that it's possible the
flanges (116) and (117) to displace, if
necessary. 18 times 207 rotation ol the
surge pressure protective device is pos-
sible in the case of the cover-mounted
version, also.

In the case of tap-changers for fork
mounting a tolerance of £ 12 mm is
allowed between the axes of the diverter
switch tank and the transformer cover
aperture,

See Reg. 1.06,1.07, 1.13and 1.14 and
the mounting instructions for on-load
tap-changers for details of the pipework
to the top section of the tap-changers.

Dunension
drawings and
detail
drawings
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3.2 Diverter switch tank —
subassembly group (200)

The diverter switch tank for cover
mounting is shown in Reg. 2.01,2.02,
2.20 and for fork mounting in Reg. 2.10,
2.11, 2.20.

3.3 Diverter switch with transition
resistor —
subassembly group (300)

Reg. 3.01 contains the lifting-out di-
mensions for the diverter switch.

3.4 Selector details and connection
diagrams —
subassembly group {400)

Details of the selector are shown in
Reg. 4.01 to 4.04.

The connection diagrams in Reg. 4.20
to 4.24 show the positions of the con-
tacts and fixed connecting conductors
on the tap selector and change-over se-
lector for the most important charac-
teristic connections.

3.5 Possible arrangements of the tap-
-changers and shaftings —
subassembly group {500)

The Trafo-Union Basic Type Program
“offersa variety of possibilities in re-

spect of arrangement and shafting sys-

tem. A survey is given in Reg. 5.01.

The various arrangements with single-
-pole, two-pole and three-pole on-load
tap-changers, vertical and horizontat in-
sulating shaft, are shown in Reg. 5.03
to 5.23.

The various parts of the different ver-
sions, such as insulating shaft, input
bearing, worm gear, etc., can be easily
found in the table of Reg. 5.02.

It must be remembered that with a
vertical insulating shaft the possible
arrangements for cover-mounted tap-
-changers differ from those for fork-
.mounted tap-changers, sec Reg. 5.03
and 5.06, for example. In contrast, the
possible arrangements with a horizon-
tal insulating shaft are identical for
cover-mounted and fork-mounted tap-
-changers, sce Reg. 5.05,5.12,5.13,
5.22 and 5.23.

For an external horizontal drive shaft
{505) above the transformer cover
versions 1 to 3 according to Reg. 5.35
are available depending on the required
lenght of the shafts and the difference
in height between the two pivots. The
necessary shaft lenghts, and also the
design, are decided by Trafo-Union
from the distance "'a’* between the
bevel gear and the input hearing and, in
the case of multi-pole tap changers,

from the distance c’’, Reg. 5.03 to 5.23.

For an external vertical drive shaft
above the motor-drive mechanism there
is a choice of arrangaments according to
Reg. 5.40 to 5.42. Again the nncrssary
shaft lenghts etc. are decided by Trafo-
Union on the basis of dimension b

Which design is chosen depends on di-
mension b’ from the centre of the
hand crank of the motor-drive mecha-
nism to the horizontal axis of the bevel
gear or input bearing and on any hori-
zontal displacement ’v'* between the
pivots of the motor-drive mechanisin
and the bevel gear or input bearing. I
the cover of the transformer is insu-
lated from the tank itself, or the motor-
<Irive mechanism must be insulated from
the transformer, an insulating section
can be incorporated in the vertical drive
shaft — version 4, Reg. 5.40 to 5.42. In
addition to the shafting arrangements
shown it is also possible to provide nu-
merous special designs.

Note:

With all two-pole and three-pole tap-
.changer arrangements the motor-drive
mechanism can be mounted either “left”
or "'right’”’, state which is required when
ordering.

3:6 Motor-drive mechanism —
subassembly group {600)

Reg. 6.01 to 6.99 contain technical
data, the principal dimensions of motor-
drive mechanisms MA-E and MA-E/2
and a standard circuit diagram.

The motor-drive mechanisms are availa-
ble in a plurality of special circuit dia-
grams and additionat devices. Further
details are given in the operation instruc-
tion on motor-drive mechanisms.

3.7 Accessories: Voltage dependant re-
sistor, protective relay —
subassembly group {700)

Reg. 7.01: Socket spanner for remov-
ing the diverter switch

Reg. 7.03: Protective relay (703} for
diverter switch

Reg. 7.04: Voitage dependant resis-

tor {without spark gap)
for mounting below the tap
selector.

3.8 Control room devices —
subassembly group (800)

The main items of devices for installa-

tion in the control room are shown in
Reg. 8.01 to 8.09.

4. Examples for

‘'selection

and ordering data

From Reg. 9.01 onwards there are
given details.

5. Miscellaneous

Data, which belong to this passage,
arc given from Reg. 9.51 onwards.

Dimension
drawings and
detail drawings.
examples for
sclection,

miernllannnnie
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Stufenschalter- Ausfiihrung

Schaltung
Typ Design Connection
On-load tapchanger
type
7%t :
CRND
CRNG
PR 6 Wihlerebenen
i 6 selector levels
———
XRSD
oS}
XRSG
= ——— o —s - = _’_.. s o s
4 Wahierebenen 2 Wahlerebenen
4 selector levels 2 selector lévels
o ——— ————
© 3x ARSD
3 x ARSG
wahlweise 2, 4 oder 6 Wéhlerebenen pro Pol
either 2, 4 or 6 selector levels per pole
§ = | ————— | esme— |
3 x ARSD
3 x ARSG
e L g et el = e U
A R e T B o e 1 R T
wahlweise 2, 4 oder 6 Wahlerebenen pro Pol
either 2, 4 or 6 selector levels per pole
[ —— | —
ARSD 1
ARSG 1
BRSD 2 L T | I A | SN % 00 = . 1)
BRSG 2 S S | o | S i | T R e
it BTt b
1 1.2 1 1 1 2
Application of on-load Verwendung der
tap-changer types Stufenschaltertypen

Drawing-No. Zeichnungs-Nr.
4 026 152 4026 152
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Kabeleinfiihrung
Cable entry

Ansicht P/View P

Druckwellenschutz (101) Reg. 1.03 kann ge-
geniiber Deckelflansch {103) Reg. 1.02 um
18 x 200 gedreht werden.

r Surge pressure protective device (101) Reg.
1.03 may be turned through 18 x 200 with re-
spect to the top flange (103) Reg. 1.02.

(400)

]

|

891

/40{’78{89{78{599 T78f8

Reg. 7.04 Spannungskreis/Voltage circuit

S

{Mafiberschreitung maglich

Reg. 4.20 - 4.24)

{The dimensions may be exceeded
Reg. 4.20 - 4.24)

Schnitt A-B/Section A-B

b e T

1 (500} Standard design, shaft above transfor-
mer cover. For possible arrangements of

shafting, see Reg. 5.03 and 5.04.

2(500) To special order, shaft below trans-
former cover. For possible arrangements of

shafting, see Reg. 5.05.

3For position of the insulating rods. see Reg.
0.90. contact arrangement, Reg. 4.20 to

4.24, contacts Reg. 4.02

Ao, —i0d

\Req. 2.01__
Reg. 2.02

(701)

Reg. 7.04

1 {500) Normalausfiihrung. Welle iiber Deckel.
Anordnungsmdglichkeiten der Wellenfiih-
rung Reg. 5.03 und 5.04.

2 (500} Sonderwunsch, Welle unter Deckel.
Anordnungsmdglichkeiten der Wellenfiih-

rung Reg. 5.05.

3 Lage der Isolierstibe Reg. 0.90. Kontakt-

dnung Reg. 4.20 bis 4.24, Kontakte
dg. 4.02.

Spalte/Column V] 2 3 4
Nenn-Stehwechselspannung nach Erde kV (eff] .
Rated power-frequency withstand 70 140 230 325
voltage to earth kV {rms)}
3 MalR/Dimension g mm) 657 752 867 978
. MaB/Dimension e mm) 1548 1643 1785 1869
4 Abschirmung mit MaR/Dimension___ d mm]) 1699 1794 1909 2020
3 mm Papierisolation - - = Abschirmung angebaut Sternpunkt - A
4 Screening with Screening fitted Neutral-point
3 mm paper insulating — G e~ Einzelpol 4 .
Single-pole
- Neutral point on-load tap-changer 200A Sternpunkt-Stufenschalter 200 A Basic Type | Basistyp |
fen Single-pole on-load tap-changer 600A Einzelpol-Stufenschalter 600A Subassembly Baugruppe 000
group 000
Drawing-No. Zeichnungs-Nr.
4026 338 4 026 338

Chvar rmac.—at
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Rated power-frequency withstand voltage
kV {rms):
| = Diverter switch to earth

Rated lightning impulse withstand voltage KV:

11 = Diverter switch to earth

11 = Between selected and preselected tapping
just as between preselected and preselec-
ted tapping

1V = Across fine tapping winding

a) with freely oscillating winding

b) with currentcarrying winding

V = Across the coarse tapping winding

a) with freely oscillating winding

b} with current-carrying winding

V1 = Across the coarse tapping and fine tap-
ping winding

a) with currentcarrying coarse tapping and

freely oscillating fine tapping winding

Grob/Fein-Schaltung
Coarse/fine connection

Zu/Geyen-Schaltung
Reversing connection

Geradeaus-Schaltung
Lincar connection

b) with current-carrying coarse tapping and
fine tapping winding

Vil= Between the phases

a) between the beginnings of the coarse tap-
ping windings

b) between any other points of the coarse
tapping and fine tapping windings

Nenn-Stehwechselspannung kV (eff):
| = Lastumschalter gegen Erde

Nenn-Stehblitzstofispannung KV:

I = Lastumschalter gegen Erde

11t = Zwischen gewihlter und vorgewihlter
sowie zwischen vorgewihlter und vor-
gewdhiter Anzapfung

IV = Lings der Feinstufenwicklung

a) bei freischwingender Wicklung

b) bei stromdurchflossener Wicklung

Stammwicklung/Main winding

Grobstufenwickiung/Coarse tapping winding

Feinstufenwicklung/Fine tapping winding

Stammuwickiung/Main winding

Feinstufenwickiung/Fine tapping winding

Stammwicklung/Main winding

Feinstufenwicklung/Fine tapping winding

V = Lings der Grobstufenwicklung

a) bei freischwingender Wicklung

b) bei stromdurchflossener Wicklung

V! = Langs der Grob- und Feinstufenwicklung

a) bei stromdurchflossener Grob- und frei-
schwingender Feinstufenwicklung

b) bei stromdurchfiossener Grob- und Fein-
stufenwicklung

V= Zwischen den Phasen

a) zwischen den Anfiangen der Grobstufen-
wicklungen

b) zwischen den ibrigen beliebigen Punkten
der Grob- und Feinstufenwicklungen

Insulating distances of the
- on-load tap-changer

Isolierstrecken des
Stufenschalters

Zeichnungs-Nr.
4026 171

Drawing-No.
4026 171
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Spalte 1 2 3 4 5
Column
Wahler-Stabzahl
Number of rods of selector 2 S U S )

. ohne Vorwdhler
max. mbglf:che St(ulenzc;ahl without change-over selector o iy L3 15 W/
Number of steps (max. 5 =

mit Vorwédhler +9 +11 +13 +15 +17

with change-over sélector

Isolierstrecke
Insulating
distance

Reg. a.61

Benennung
Designation

Nenn-Stehblitzstolspannung 1,2/50 us
Rated lightning impulse withstand voltage 1,2/50 ys

e

Zwischen gewahlter und vorgewshlter sowie
zwischen vorgewahlter und vorgewahlter Anzapfung
Between selected and preselected tapping just as
between preseiected and preselected tapping

130" 1301 130" 130" 130"

w2

L&ngs Feinstufenwicklung
Across fine tapping winding

bei freischwingender Wicklung
with freely oscillating winding

KV

305 305 305 275 255

bei stromdurchflossener Wicklung
with current-carrying winding

KV

305 305 305 275 255

Léngs Grobstufenwicklung
Across the coarse tapping winding

bei freischwingender Wickiung
with freely oscilating winding

305 305 305 305 305

bei stromdurchflossener Wicklung
with current-carrying winding

305 305 305 305 305

Vi

Langs Grob- und Feinstufenwickiung
Across the coarse tapping and fine tapping winding

bei stromdurchflossener Grobstufenwicklung
und freischwingender Feinstufenwickliung
with currentcarrying coarse tapping and
freely oscillating fine tapping winding

KV

400 390 380 400 400

bei stromdurchflossener Grob- und
Feinstufenwicklung

with current<carrying coarse tapping and
fine tapping winding

350 350 350 350 350

Zwischen den Phasen
Between the phases

zwischen den Anfangen der
Grobstufenwicklungen

between the beginnings of the coarse
tapping windings

KV

375 375 375 375 375

zwischen den (ibrigen belfiebigen Punkten
der Grob- und Feinstufenwicklungen
between any other points of the coarse
tapping and fine tapping windings

305 305 305 305 305

Remarks:

1. Usually the stress H11 is corresponding to

permissible data.

*the wave 1/5 ps. For this kind of wave the

as follows: 185 kV (1/5) in oil, resp. 150 kV

{1/5) in ascarel.

2. Pay attention to Reg. a.60

Durch den Einbau von spannungsabhéngigen
Widerstinden (SAW) mit bzw. ohne Funken-

.rated lightning impulse withstand voltage is Bemerkungen: strecke konnen grofiere auftretende Bean-
1. Die Beanspruchung bei I1! entspricht spruchungen auf den zulassigen Wert begrenz
iiblicherweise der Welienform 1/5 ps. Fir werden,
diese Welle sind die Nenn-Stehbfitzstolspan- 2. Beachte Reg. a.60.

By means of installation of voltage dependant
resistors with resp. without spark gap higher

nungen: 185 kV (1/5) in Ol bzw. 150 kV

occurent stresses may be limited by the {1/5) in Askarel. Wahlertypen/Types of selectors: 211
Selectors Basic Type | Wihler Basistyp | Basic Type ! Basistyp |
Rated lightning impulse withstand Nenn-Stehblitzstoflspannungen

voltages of the insulating distances der Isolierstrecken fiir

for neutral-point and two-phase Sternpunkt- und Zweiphasenwahler » o

e Drawing-No. Zeichnungs-Nr.

4026 318 4026 318
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Spalte
Column 1 2 S -

Waéhler-Stabzahi
Number of rods of selector

ohne Vorwahler 9 11 13 1

max. mogliche Stufenzahl without change-over selector

Number of steps {max.)

m.lt Vorwihler +g +11 +13 +15 +17
with change-over selector
Isoluers}recke Nenn-Stehblitzstolspannung 1,2/50 us
Insulating Benennung Rated lightning i | T
distance Designation 9 ) Ml
Reg. 2.61 voltage 1,2/50 us
Zwischen gewsdhlter und vorgewihlter sowie
zwischen vorgewshliter und vorgewshlter Anzapfung
m _ Kv 130" 130" 130" 130" 130"
Between selected and preselected tapping just as
between preselected and preselected tapping
1v2) Langs Feinstufenwicklung
Across fine tapping winding
i be.l frEIschwmg.end'er Wn.:klt.mg KN 305 305 205 275 255
with freely oscillating winding
b bgl stromdurchflos.sener. Wl.cklung Y 305 305 308 275 255
with current-carrying winding
v Langs Grobstufenwicklung
Across the coarse tapping winding
< frei x "
3 bgl reuschwungfandt.er Wlt:‘kltfng & 305 305 305 308 305
with freely oscillating winding
b bgl stromdurchflo.?sener. Wu_cklung Y 305 305 305 305 305
with current<arrying winding
Vi Léngs Grob- und Feinstufenwicklung
Across the coarse tapping and fine tapping winding
bei stromdurchflossener Grobstufenwicklung
und freischwingender Feinstufenwickiung
a
with cu‘rrentcarrving coarse tapping and L3 &0 390 380 400 400
freely oscillating fine tapping winding
bei stromdurchflossener Grob- und
b AR L Ty _ K 350 350 350 350 350
with current<carrying coarse tapping and
. fine tapping winding
Remarks: Bemerkungen: Wahlertypen:
1. Usually thestress 1 iscorresponding to the 1. Die Beanspruchung bei 11l entspricht 211,411,611
wave 1/5 ps. For this kind of wave the rated ublicherweise der Wellenform 1/5 ps. Fur Types of selectors:
lightning impulse withstand voltage is as diese Welle sind die Nenn-Stehblitzstof3span- 211,411,611
follows: 185 kV (1/5) in oil, resp. 150 kV nungen: 185kV {1/5}in O1 bzw. 150 kV (1/5)
{1/5) in ascarel. in Askarel. .
By means of installation of voltage dependant Durch den Einbau von spannungsabhangigen
resistors with resp. without spark gap higher Widerstinden (SAW) mit bzw. ohne Funken-
occurent stresses may be limited by the strecke konnen groflere auftretende Bean-
permissible data. spruchungen auf den zulassigen Wert begrenzt
2. Pay attention to Reg. a.60 werden,
2. Beachte Reg. a.60.
Selectors Basic Type | Wihler Basistyp | Basic Type ! Basistyp |
Rated lightning impulse withstand Nenn-StehblitzstoRspannungen
voltages of the insulating distances der Isolierstrecken fiir
for singie-phase selectors Einphasenwihler . -
glep P Drawing-No. Zeichnungs-Nr.

4026 374 4026 374
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Spalte \)\ . J . .
Column A
Reihenspannung nach VDE 0111
System nominal voltage to VDE 0111 20 GO 1ON 150N
Hochste Spannung fur Betriebsmittel U kV (eff)
System highest voltage U kV (rms} <L) LZ8 22 20
Nenn-Stehwechselspannung nach Erde
(Isolierstrecke | nach Reg. a.61) kV (eff)
Rated power-frequency withstand voltage to earth kV {rms) ) 140 ) 230 325
{Insulating distance | in according with Reg. a.61) 3
Nenn-StehblitzstoRspannung unter O}
oder Askarel, Vollwelle {1,2/50 (¢ s)
{Isolierstrecke |1 nach Reg. a.61
Rated lightning impulse withstand kv 200 325 550 750
voltage in oil/ascarel, full wave {1,2/50 tts)
{Insulating distance 11 in according with Reg. 8.61)
o
Nenn-Stehblitzstollspannung unter Ol oder
Askarel, abgeschnittene Welle
(Isolierstrecke |1 nach Reg. a.61)
kv 230 375 630 860
Rated lightning impuise withstand voltage
in oil or ascarel, chopped wave (Insulating
distance in according with Reg. a.61)
Fir Lastumschaltergefatyp 211, 411, 611
For diverter switch tank type 211, 411, 611
Diverter switch tanks LastumschaltergefdRe Basic Type | Basistyp |
Basic Type | Basistyp 1
Rated withstand voltages Nenn-Stehspannungen
to earth gegen Erde . 1
Drawing-No. Zeichnungs-Nr.

4026 320 4 026 320
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- ohne Wicklungs-Auftrennung
no winding division

2 parallele Wicklungszweige
2 parallel winding branches

Lastumschaltungen 3 parallele Wicklungszweige
On-load tap-change operations 3 parailel winding branches
x105 A

5 -

A M
\ \ \\ \\
\ NN .
) AN BATAN b
\‘ { \
! \\ |
~N .
\\
2
!
™,
N
< >\3—2n 411 > 611 >
100 200 300 400 500 600 A
Mittlerer Belastungsstrom des Lastumschalters
Average load current of diverter switch
Fiir Lastumschaltertypen 211,411,611
For diverter switch types 211,411,611
Diverter switch Basic Type | Lastumschaiter Basistyp | Basic Type | Basic Type |
standard design Normalausfiihrung
Contact life according to type and Kontaktiebensdauer abhingig vom
load current of diverter switch Typ und Belastungsstrom des

Drawing-No. Zeichnungs-Nr.
PEstimechales 4026 325 4026 325
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Trafo-Union EJ;-J

Stufenspannung pro Phase kV (eff)
Step voltage per phase kV {rms)

2 \
\

ohne Wicklungs-Auftrennung
no winding division

\ \\\
N Rl
I \
\ \
a—
< gszu———b —_— 617 >
b
100 200 300 400 500 600 A

Max. Anzapfungsstrom des Transformators
Max. tapping current of transformer

Fir Lastumschaltertypen

211,411,611

For diverter switch types

211,411,611
Stufenspannung pro Phase kV {eff)

Step voltage per phase kV (rms)

A
2
\ 2 parallele Wicklungszweige
\ \ / 2 parallel winding branches
| \ 3 parallele Wicklungszweige
\.<—/’ 3 parallel winding branches
_ |
‘ ‘\
X S
- q11 61t
»
100 200 300 400 500 600 A
Fur Lastumschaltertypen
411,611

For diverter switch types
411,611

Max. Anzapfungsstrom des Transformators
Max. tapping current of transformer

Diverter switch Basic Type |
Load characteristic curves

Lastumschalter Basistyp |
Belastungskennlinien

Basic Type | Basistyp |

Zeichnungs-Nr.,
4026 326

Drawing-No.
4 026 326
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e, ¥
Spalte \>\ 1 2 3
Column
WL 211 an 611
Selector type
Lastumschaltertyp 211 a1 611
Diverter switch type
Maximaler Nennstrom des Stufenschalters A 2
Maximum rated through-<current of on-load tapchanger 200 00 600
Wihlerebenen je Pol 6 my _
Typ CRND, CRNG Selector levels per pole
Type CRND,CRNG Pole :
Poles i o
Wahlerebenen je Pol 42 -
Typ XRSD, XRSG Selector levels per pole =
Type XRSD, XRSG Pole ¥ 2
Poles - -
Wihlerebenen je Pol 2 4 6
Typ ARSD, ARSG Selector levels per pole
Type ARSD, ARSG Pole : ] '
Poles
Wihlerebenen je Pol 2 a 6
Typ 3 x ARSD, 3 x ARSG Selector levels per pole
Type 3 x ARSD, 3 x ARSG Pole . . .
Poles
max. zuldssiger Dauerstrom A 220 440 660
max. permissible constant current
max. zuldssige Stufenspannung
max. permissible step voltage v 2000 2000 2000
ohne Wicklungsaufteilung
Kurzzeitstrom (25) no winding division E8 3.3 5 7
Short<circuit current {2s) mit Wicklungsaufteilung
with winding division kA o 6.6 9.8
ohne Wicklungsaufteilung KA 825 12.5 175
Scheitelwert des Kurzzeitstromes no winding division i ' :
Peak value of short<ircuit current mit Wicklun frei
gsaufteilung -~ =
with winding division kA 16,5 247
Nennfrequenz X
Rated frequency e 50 bis/to 60
Belastungskennlinien fur Lastumschalter Reg. a.41

Load characteristic curves of diverter switches

Nenn- StehblitzstoRspannungen fir:

Rated lightning impulse withstand voltages for:

Stufenschalter allgemein
On-load tap-changer generally

Stufenschalter gewihlte — vorgewidhlte Anzapfung
On-load tap-changer selected to preselected tapping

Reg.a.43,3.50,2.51,a.62,3.63

80KV 1,2/50 bzw./resp. 110KV 1/5 ps

Betriebsstellungen
Operating positions

ohne Vorwahler max. 18
without change-over
selector max. 18

mit Vorwiahler max. 35
with change-over
selector max. 35

Schaltarten
Characteristic
connections

Reg. a.72 bis/t0 3.76

Einsatzbereich
Operating temperature range

Normal
Standard design

— 259 C bis/to 100° C

Sonderausfihrung
Special design

— 40° C bis/to 100° C

On-load tap-changer
Basic Type |
Currents, voltages and
operating positions

Stufenschalter
Basistyp |

Strome, Spannungen und

Betriebsstellungen

Basic Type |

Drawing-No.

4026 223

Basistyp |

Zeichnungs-Nr.
4026 223
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Trafo-Union o a a

spalte <
Zolumn N 2 3
N3hlertyp ' %211 a1 611
selector Type
\/Iaximaler Nennstrom A 200 400 800
viaximum rated through-current
viax. zuléss‘ig.er Dauerstrom A 220 440 660
Aax. permissible constant current
ohne.Wit‘:klqu.sa.ufteilung KA ' 3.3 5 7
no winding division
Kurzzeitstrom {2s)
Short-circuit current  {2s)
m‘it Wi?kh..mgsa}J ftfailung KA o 6.6 99
with winding division
ohne.Wif:kIurw.g?a‘ufteilung KA 8.25 12,5 17,5 ’
no winding division
Scheitelwert des Kurzzeitstromes
2eak value of short<circuit current
m'it Wit‘:klt{ngsa.uf.tf:ilunq KA . 16.5 247
with winding division
Nenn-StehblitzstoRspannung der 3 )
Isolierstrecke 111 unter Ol nach 1.2/50 ps kV 130 130 130
Reg. a.61
Rated lightning impulse withstand
voltage across insulating distance 11
i=il, in accordance with Reg. a.61 1/5 ps KV 185 185 185
Selector Basic Type | Wihler Basistyp ! Basic Type ! Basistyp |
Currents and rated Strome und Nenn-
lightning impulse StehblitzstoRspannungen

withstand voltages ’
Drawing-No.

Zeichnungs-Nr.

a AAA~ Aan
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Trafo-Union =

{102) {100} 4 51703) 7

f—— —— —— ——

._...-'_..__.——_.__
pom—— ——t — — — —
———t—— —-

E

L 44—

B\

[
VAT LT T M T LT TS T TR T TG

Achtung: Die Flansche {116,117} und {118)

kénnen gegeneinander verdreht werden siehe

Kapitel 9.5 der Montageanleitung

Attention: The flanges (116,117) and (118)

may be turned against each other, see chapter

9.5 of the mounting instruction

{119)

217 10

1 Qil inlet flange (116}
2 Oil drain flange (117)
3 Gas discharge flange {118)
4 Pipeline to the oil conservator for
diverter switch
5 Protective relay for diverter switch (703}
6 Valve
7 Over flow pipe
8 Oil leve! indicator
9 Dehydrator
10 Oil drain valve
11 Pipeline to the conservator of the
transformer
12 Buchholz-relay of the transformer
13 Conservator for oil of the diverter switch
14 Conservator for insulating liquid of the
transformer

9 1(116)

[ =0

51703} 4

N 13 6

p———

31118)

1 Flansch fiir Olzulauf (116)
2 Flansch fiir Olabsenken (117)
3 Flansch fir Gasableitung (118)
4 Rohrleitung zum Ausdehnungsgefal
fur den Lastumschalter
5 Schutzrelais fir Lastumschalter {703}
6 Absperrschieber
7 Uberlaufleitung
8 Olstandanzeiger
9 Luftentfeuchter
10 Ventil zum Olabsenken
11 Rohrleitung zum Ausdehnungsgefal
fur Transformator
12 Buchholz-Relais des Transformators
13 Ausdehnungsgefaf fiir Lastumschalterdl
14 Ausdehnungsgefal fir Transformator-
isolierflissigkeit

{100) Stufenschalterkopf

{115) Transformatordeckel

{119) Entliftungsschraube, nach Abnehmen
- der Haube (102} zugdnglich

{100} On-load tap-changer, top section

{115} Transformer cover

{119) Vent srew, accessible after taking off
the cover {102)

Mounting of the pipelines (128)
for one pole of an on-load
tap-changer Basic Type | and 11

Anbau der Rohrleitungen (128)
fiir einen Stufenschalterpol
Stufenschalter Basistyp | und |1

Basic Type LIl Basistyp . 1}
Subassembly Baugruppe 100
group 100

Drawing-No. Zeichnungs-Nr.
AN9%6 118 4026 118
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Motor-drive mechanism MA-E/4

Operating Instructions

Trafo-Union

tontents
1. General Page 1
2. Technical data 2
3. Design and components of the standard version 3
3.1 Mechanical design 3
3.2 Electrical equipment 7
4. Operation 10
4.1 Electric circuits 10
4.2 Switching operations 10
4.3 De-energizing the motor-drive 14
4.4 Manual operation 14
5. lnstallat‘ion and commissioning 14
5.1 Installation 14
5.2 Commissioning 16
6. Operation, maintenance, inspection 16
6.1 Remote control 16
6.2 Local control 16
6.3 Supervision of operations 16
6.4 Maintenance 16
6.5 Inspection 17
6.6 Faults 17
7. Special equipments 18
. 7.1 Special circuit arrangements 18
7.2 Electrical accessories 18
7.3 Mechanical accessories 18
74 Fauipinent for special climates 18
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HR-64016 |
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1. General

The function of the motor-drive
mechanism is to set the on-load tzp
changers or off-circuit tap changers at
the desired operational setting. The
mechanical and electrical parts
required to operate both types of tap
changer are all accommodated in the
housing. Control is based on the step-
by-step principle. The motor drive
mechanism is suitable for operation in
fully automated system substations and
for operation in parallel. Electrical and -
mechanical safety devices prevent *
overrunning of the end positions:
Automatic restart after power inter-
ruptions is provided. Drive motors for
various voltages and currents can be
supplied (see Table 1, page 3).

The drive complies with the following
specifications and standards: IEC 214,
DIN 57532 Part 30, VDE 0532 Part 30,
VDE 0530, IEC 337-1, DIN 57 660,
VDE 0660, DIN 57106 Part 100,

VDE 0106 Part 100.

Numbers from 1 to 99 in () refer to
current path numbers in the circuit
diagram (see, for instance, Figure 14,
page 21). Numbers from 200 on refer
to the mechanical parts of the motor
drive, see Figure 2, page 5 and
Figure 5, page 7.
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Electrical data see rating plate and circuit diagram
Permissible operating voltage range 80...110% of rated voltage
Permissible frequency range 90...105% of rated frequency

Test voltage for all live terminals

against metal parts|of drive 2 kVe1, 50 Hz, 1 min. (except drive motor)

Number of power take-off shaft (203) revolutions per tap-change 8

Number of hand crank (601) revolutions per tap-change 8

Total weight of drive mechanism ca. 50 kg

Noise levels ' Measured at 1 m Measured at 3 m
Switch-on noise 62 dB(A) 59 dB(A)
Running noise 52 dB(A) 50 dB(A)
Switch-off noise 65 dB(A) 62 dB(A)

Number of service tépp_ing. positions max. 39, min. 3

Permissible ambient temperature . —25°C to +55°C

Rated frequency 50 Hz 60 Hz - de

Running time per tap-change, approx. 45s 40s 45s

Power consumption of
the control circuit

On switching on (2 contactors), approx. ‘140 VA 140 VA 17w

In switch-on position (3 contactors), approx. 30 VA 30 VA 25w
Type of motor o 3a.c 0.25 kW 0.25 kW E—
Power rating : \ Tac 0.20 kW 0.20 kW —_—
for other data, see Table 2 d.c. S — 0.25 kW
Perm. momentary 3ac 21 Nm 17 Nm
torque at the 1ac 17 Nm 14 Nm
drive shaft, approx. d.c. 21 Nm

Table 1: Output data of the motor-drive mechanism.

Circuit of the motor AIY . AY AY A
Hz Rated power Rated voltage -/170-220V  185-210V/320-365V  220-255V/380-440V 230V
0.25 W 3a.c. -/190-2.23 A 1.78-2.03 A/1.03-1.17 A 1.47-1.70 A/0.85-098 A -
50 ————— Rated current
0.20 kW 1ac -/~ -/- -/- 1.6 A
Hz Rated power Rated voltage -/200-240 v 220-250 V/380-435V  255-305 V/440-530 V v
0.25 kW Jac -/1.72-220A 1.63-1.96 A/0.94-1.13 A 1.33-1.60 A/0.77-097 A -
60 ——— Rated current
0.20 kW 1ac -/- -/- -/- A
4 Rated power Rated voltage 110V 125V 220V
. C
0.25 kW Rated current 320 A 2.80 A - 1.60 A

Start-up current approx. 3 x rated current
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3. Design and components

3.1 Mechanical design

311 Housing (Figure 1)

The cabinet (610) and the door (620)
are made of weather-resistant, hot-
pressed, polyester resin reinforced
with glass-fibre. All other external
parts are made of stainless steel,
corrosion-proof or weather-resistant
materials. The door (620) is hinged on
the right-hand side. The ventilation
(621) of the housing is provided by
labyrinth openings, one at the top and
-ne at the bottom of the cabinet. The
openings are covered with a fine mesh
grid. The housing corresponds to
protection class IP 45, IEC 144 and
DIN 40050.

Figure 1 Motor drive mechanism
Shown with housing closed and open

31.2 Gear unit (Figure 5)

3.1.2.1 Load gear (200)
V-ribbed belt gear, low-noise and
virtually maintenance-free.
Reduction ratio 1:6.5.

3.1.2.2 Control gear (300)
Maintenance-free, two-step worm
gear.

A step-by-step shaft (301) with one
revolution per step is provided at the
control gear (300) to control the step
operation and to indicate the position.
A second shaft with 1/40 turn per step
(310) is provided for monitoring
purposes. The step-by-step operation
is controlled by the 301 with one
revolution per step by means of step-
by-step cams (302) which operate the
respective snap switches. On the shaft
with 1/40 revolution per step (310)
there is the positioning wheel (313)
and a contact range plate with the

multicontact dial switch 516 and the
resistance tele-transmitter R1
(Figure 6, page 8). Another contact
range plate with 2 multi-contact dial
switches may be added.

3.1.2.3 Mechanical end stop

(Figure 3 and Figure 5)

The positioning wheel (313) has two
end-position cams (312). If an end
position is passed (e.g. during manual
operation or due to a defect) the
chock lever (326) shifts the chock
(204) into the appropriate blocking
position.
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Figure 2 Mechanical equipment

200 Lload gear ) 405 Control element strip

203 Power take-off shaft 603 The transportation eye-bolts
204 Chock 604 Door lock

210 Mark indicating chock position 605 Connection plate

300 Control gear 606 Handwheel

306 Indicator triangle 610 Cabinet

313 Positioning wheel ; 620 Door

326 Chock lever 621 Airvents

4N Terminal strip 701 Counter



Docusign Envelope ID: 95921D25-2829-4AB0-80A8-6ECE8D37B360

_ Figure 3 Mechanical end stop with
chock (204) and chock lever (326)

After not more than 2.5 revolutions,
the power take-off shaft (203) will be .
mechanically stopped from moving in

the direction of operation. The move-
ment of the chock (204) switches off
the motor drive through the motor
protection switch Q1 via the security
switch 540, During manual operation

the mechanical end stop remains
operative even if the belt is damaged

or torn (missing altogether).

3.1.3 Courter (701) (Figure 4)
Electromechanical, re-settable, 6-digit
pulse counter. The counter can be
read with the door (620) closed.

-3.1.4 Connection plate (603)

for cable insertion

Standard model: Screws for cables to
DIN 46320 (Figure 13, page 20).

¢
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Meiaras e Beines

[ L O e

Do & “rtstate 203 2

thoe birarmerren v - cr

311 B PSRN H Arvmennoren 37w Erifornen Sos Motersatenes
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K.
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Figure 4 Tap position indicator on the
tap position indicator disc (311),
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300
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l . ]
X sl IL ] / I
200 — |
203 — |
/l \ 205
204
326
313
312
3n
Figure 5 Load gear and control gear
200 Load gear - 210 Mark indicating chock position 310 Shaft with 1/40 revolution per step
203 Power take-off shaft " 300 Control gear 311 Tap position indicator disc
204 Chock 301 Step-by-step shaft 312 End position cam
205 Chock axle 302 Step-by-step disc 313 Positioning wheel

206 Nut to tighten V-ribbed belt 307 Positioning triangle 314 Coupling
207 V-ribbed belt 308 Position mark 326 Chock lever
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3.2 Electrical equipment (Figure 6)

D1

E1

K1, K2

K5

K4

M1

Q1

R1

$1,52

S8, 59

S11, $12

Electromechanical pulse
counter

Heating element

output 50 W

Motor 3-pole each,

contactor auxiliary
contacts:

2 NO contacts
2 NC contacts

Step-by-step
contactor

Motor brake contactor
Contacts:
S NO, 5 NC contacts

Driving Motor
see page 3, Tables 1 and 2

Motor protection switch with
thermal and magnetic release
of the operating current.
Setting: see page 3, Table 2
Auxiliary contacts:

1 NO, 1 NC contact

Resistance tele-transmitter,
total resistance

approx. 200 ohms.

Step resistance:

metal layer resistance:
+1%, 0.7 W

Push-button for step-by-step
control:
1 NO, 1 NC contact

Limit switches

Direction of rotation contacts
(dependent on the direction
of rotation)

Snap-switches with forced
opening of the NC contact.
Two-circuit change-over
contact:

1 NO, 1 NC contact

S16 Multi-contact dial switch. The 540 Security switch
ring and one contact for each Snap switch with forced
pasition of the motor drive opening of the NC contact.
are connected, with the Two-circuit change-over
voltage off, to the terminal contact:
strip X10. 1 NO, 1 NC contact each
Permissible loads are shown
on page 10, Table 5. X10  Terminal strip
Standard version with screw-
$35,536 Control contacts less series terminals for all
each with a snap switch with types of cable.
forced opening of the NC For connection, see Figure 7.
contact. Snapped on mounting rail
Two-circuit change-over 35 x 15, like DIN EN 50022.
contact: Insulation voltage = 500 V
1 NO, 1 NC contact for each Contamination class 3
VDE 0190
S37 Auxiliary contact Connection data is shown on
Snap switch with forced Table 3.
opening of the contact NC
contact.
One-circuit change-over
contact:
1 NO, 1 NC contact
Model without Model with

auxiliary contact

auxiliary contact 537

Ul) 240V4)a.c/d.c.
U1 300V3)a.c/d.c.

240V*) a.c/d.c.

overlapping interrupting
voltage U, current |, voltage U, current I,
cos @ T?) cos @ T2) i)
=1 =0ms =04 =0ms =5m
110V a.c. 07A —— 240 V a.c. SA
240 V a.c. 03A — 60V a.c — 5A 42 A
60 Vd.c — 08A 110V d.c. — 4A 21 A
110V d.c. — S5A3})  S5AY
220V d.c. — 1A 0.6 A
220 V d.c. — 13 AY) 08AY

300V5)a.c./d.c.

1) Rated insulation voltage U, to VDE 0109, dirt accumulation class 2

L

Z)T’E

3) Auxiliary and switch-over contact with blow cap

4) Inner multi-contact range
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A A
SSEa% =
Eriehiy o

540
: S40

D1

s8,59 T
1 M1

S11,512

S16,R1
$35,536

s37 |

Qi ;
51,82

K4 ﬁ =l

Xi0

E1l

Figure 6 Electrical equipment, Figure 7 Connecting terminals
for description see 3.2 without screws

Wiring in Motor circuit Control circuit Protective

the drive with monitor- earth conductor
and indicator
circuit

Wire: extra flexible
with end sleeve 1.5-4 mm? 1.0-1.5 mm? 1.5-4 mm?
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Trafo-Union E ﬁ
=

Motorantrieb MA-E/4
Motor-drive mechanism MA-E/4

Betrieb mit Handkurbel
Operation with hand crank

4 026 870
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.1 Electrical circuits

4.1.1 Series fuses

The drive supply lines are to be equip-
ped with the state of the art fuses to
provide reliable protection for equip-
ment and cables in the drive.

_"See Table 4,
| DIAZED  Miniatur
’ . =R circuit
S breaker to
VDE 0660
- T101
I, = 1000 A
oA .
™M ( xr'cuxt- 6 A 5§ A
Conl. . dreuit ———— e -
Monitor - - 3
Heater GG Sk
Multi-contact
dial switch = e PR S
Resistance § A 6 A
tefe-

transmitter

Control circuit: if the control voltage
s-derived-away from the motor circuit
10 extra series fuse is necessary,

fable 5: Maximum permissible series
uses,

1.2 Motor power circuit (1. 2)

he motor drive mechanism M1 termi-
als ““dignated U, V. W are connected
>th ree-phase lines L1, L2, L3 via
& motor protection switch Q1 and
'e motor brake contactor K4 (three-
1ase) and via the motor contactors

[ and K2 respectively (two-phase).

b

4.1.3 Control circuit (11 to 40)

The control circuit is supplied_with-
operating voltage via the contacts of
the motor protection-switch-Q1-or
from outside via a Q] NO contact. If
Q1 responds or is triggered, the con-
trol voltage is interrupted.

4.1.4 Power circuit for multicontact
dial switch 516 (72)

The connections to the outer contact
range are led to the terminal strip -
terminals 50 to 50 + n - and are freely
available for, e.g., position indication
with a lamp panel, supervision of
parallel operation, other types of
supervision,

4.1.5 Resistance tele-transmitter

R1 (71)

The position is indicated via the resist- -

ance tel-transmitter R1 with jts step

resistances, e.g. by means of a cross-
coil instrument. The R1 s connected
to terminals 37-39 (71).

4.1.6 Progress lamp H1 (50)

A progress lamp _can be connected to
terminal 29 (50) so-that progress can
be observed from the control room.
The voltage must be supplied via ter-
minal 28 (50).

“4.1.7 "Stop contact S6

The motor protection switch Q1 is
released in the drive by its own push-
button "0" or by the stop contact S
(13) in the control room.

4.1.8 Overcurrent blocking

The drive is ready for connection to
an overcurrent blocking device at ter-
minals 21 and 22. The bridge between
the two terminals must be removed
for this purpose. The feeder to the
control circuit is interrupted when the
overcurrent blocking responds. The
drive is no longer operable. The
blocking contact §6 (13) still functions,
however.

4.2 Switching operations
(Figures 8a, b, ¢, d, e and Figure 14,

page 21)

'4.2.1 Control to 1" or to *n"

Step-by-step control: The motor drive
is designed on the step-by-step prin-
ciple, i.e. once the pulse has been
emitted, the step is performed auto-
matically and irrevocably to comple-
tion, irrespective of whether other
control pulses are emitted at the push-

" buttons for step-by-step switching S1

(26), 52 (36), during operation or not.

Step-by-step switching: The direction
of rotation contacts $11 and 512
(depending on the direction of rota-
tion) and the control contacts $35 and
S36 (independent of the direction of
rotation) are operated in-a specified
sequence via the control gear.

(Figure 8e, page 13)

Conditions: The motor protection
switch Q1 (1), limit switches S8 (26)
and S9 (36) closed, the security '
switches S40 (14..15) unoperated. Vol-
tage (three-phase current) at L1, L2,
L3, phase sequence clockwise.
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Figure 8a Operation of the push
button for step-by-step switching

Operation: Press button for step-by-
step switching “1” $1 (26) (Figure 8a).
Via the closed contacts of the step-by-
step contactor K5 22-21 (26) and the
limit switch S8 11-12 (26), the motor
contactor K1 immediately picks up and
closes contacts 1-2, 5-6 in the motor
circuit (1). The motor brake contactor
K4 (21) picks up via the K1 NO con-
tact 13-14 (19) and the $36 control
contact 11-12 (19), first opens con-
tacts 71-72, 81-82 and 91-92 and then
closes contacts 13-14, 23-24 and
33-34 (1). c

The motor drive mechanism M1 starts
running in a clockwise direction. The
motor running clockwise consequently
has a power take-off shaft (203)
turning clockwise (viewed from the

top). 1

The K1 and K4 are self-holding via con-
tacts 43-44 (24) of the motor contac-
tor K1, contacts 21-22 (26) of the
step-by-step contactor K5 and the
contacts 11-12 (26) of the limit switch
S8.

Taking over step-by-step switching:
After approx. 1.8 revolutions of the
drive shaft (203), step-by-step
switching is taken over by the direc-
tion of rotation contact $11 (23)
(Figure 8b), by closing the contacts
13-14 (23).

Figure 8b Step-by-step switching taken
over by the mechanically controlled
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Figure 8¢ Control circuit for controlling
steps

231 24 25 26
After approx. 2.4 revolutions of the “1 =
power take-off shaft (203), the con- 43 3
trol contact S35 closes contacts 13-14 b[\
(31) and thus applies voltage to K5
(33) (Figure 8c). As long as it is
under voltage, K5 interrupts the self-
holding and the drive cable of the
motor contactor K1 (23), via contacts
21-22 (26). This guarantees the step- : slLie ?
by-step operation controiled by the si2 ﬁz K5 (4
511 contact 13-14 (23).

w
o

O -
SH S35(y

-
-~

73 |3
After approx. 2.6 revolutions of the Kt{i4 K2)14

wer take-off shaft (203), the con- kg 22
trol contact S36 opens contacts 11-12 o Ks\2y
(19). The motor brake contactor K4 F381 120K >
(21) remains under voltage via the K5 o-
contacts 5-6 (21) parallel to it. 58(:2

T

32
Contactor switch-off: At the end of K2
the tap-change, the direction of
rotation contact S11 opens in the “1" . K 5 K1 Ks@?
direction in (23) (Figure 8d). This : 9’:21 EE 2
de-energises the motor contactor K1 16 17 18 19 2122 23 24 25 2627 28 23 38 31 32 33

(23) and the motor brake contactor
K4 (21). The K1 and K4 (1) NC con-

31

tacts open so that the motor is now

completely cut off from the mains.

Braking: If the motor brake contactors 22 23 24 25 26
K3 and K4 drop out, the short-circuit gI= 1
brake circuit (2) at the motor termi- 43 a
Is U, V, Wis closed by the contacts K1
+1-72, 81-82 and 91-92. The motor 13 \
drive mechanism M1 is electrically (33) o
braked. s o

[-
44 Slis

The pulse for the next step can only
be given when ail controlling and ;}("m E
y KS\q

o
operating elements are in the “off" 51212

position.

13 Ixa

Supervising the step-by-step K1)y K2Y14

switching: [t

After approx. 2.6 revolutions of the o-- ks
S38(12 K35
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power take-off shaft, the control con-
tact 536 opens contacts 11-12 (19). If
the step-by-step contactor K5 (33)
has failed to pick up (e.g. on account 3
of cable breakage), then its contacts KZZ
5-6 (21) are not closed. The motor
brake contactor K4 (21) brings the K4 = e xs["_ﬂj
drive to a halt, since the contacts ElEz‘ Elgz' lr2_
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Switching seduence see Figure: ga 8b 8¢ 8d
SN )

SL0 K + S40
S9 : S8
S36 S36
S35 S35
S12 S12
S e S

Handwheeh '

turns: 2 4 8 2 b 6 8 2 4 6 8

Position: 11 2 3 n

Figure 8e Switching sequence/step

in parallel and interrupt the operation
of K4. It is no longer possible to
operate the drive.

If, at the end of a step-by-step switch-
ing operation, the motor contactor K1
or K2 or the step-by-step contactor
K5 fail to function properly, the drive
is switched off as in undisturbed
operation by opening of the S11 and/
or $12 contacts 13-14 (23) or (40)
respectively. But it can no longer be
operated. s

If the motor brake contactor K4 fails,
the drive is switched off without
braking at the step-switching end. This
disturbance has no influence on the
step switching operation.

Control in “n” direction:

Press button S2 (36) for step opera-
tion “n". Direction of operation con-
tactor K2 (39) and thus also the
motor brake contactor K4 (21) pick
up. The motor drive mechanism M2
starts running counter-clockwise. After
approx. 1.8 revolutions of the drive
shaft (203), the direction of rotation
contact $12 (40) takes over control.
Otherwise control procedure is as
shown in the flow chart analogously as
for control in *1" direction.

[J- not activated
B - activated

4.2.2 Driving to end position “1”

or “n"

After the direction of rotation con-
tacts S11 (23) or $12 (40) have been
operated, the limit switch S8 (26) or
S9 (36) is opened by the end-position
cam (312) already during movement
from position “2" to 1" or from
position “n-1" to “n". It is thus no
longer possible to operate the motor
contactor K1 and/or K2 and the motor
brake contactor K4 beyond the end
positions. As with the other tap-
change operations, the drive is
brought to a standstill when the direc-.
tion of rotation contacts $11 (23) or
$12 (40) open.

If the drive fails to come properly to a
standstill on account of some fault, the
security switches S40 (14, 15) trigger
the motor protection switch Q1 after
the end position has been overrun.
This happens after not more than 2
revolutions of the power take-off shaft
(203). The drive can no longer be
operated electrically.

If the end position is overrun during
manual operation, the electric limit
switch is not operative, but after not
more than 2.5 revolutions of the
power take-off shaft (203), blocking.
will be performed mechanically. Before
then, if the control voltage is on, the
motor protection switch will be
released electrically.

4.2.3 Voltage failure

If a voltage failure occurs during a tap
change and then returns, the following
applies: ’ ’

As long as the direction of rotation
contacts S11 and S12 are not operated,
no automatic restart occurs. The drive
can be restarted in any direction via $1
(26) or S2 (36). If operated in the
direction contrary to the foregoing,
the drive overruns the starting posi-
tion up to the adjacent higher or lower
position. If $11 (23) or 512 (40) has
already been operated after approx.
1.8 revolutions of the power take-off
shaft (203), then the drive will auto-
matically restart in the original direc-
tion when power returns. As soon as
the voltage returns, the NC contacts
of $11 (39) or $12 (26) prevent the
control pulse from becoming effective
in the opposite direction.

If voltage failure occurs after 535 (24)
has already reopened (after about 5.6
revolutions of the power take-off shaft
(203)), the step-by-step contactor K5
cannot pick up again. The drive comes
to a standstill only when it has reached
the position after next. It cannot run
beyond the respective end position,
however (see 4.2.2).
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4.2.4 Wrong phase sequence
(Operation must not be commenced
when at end position "1" or “n"!)
After a pulse to “1" has been given via
$1(26), the motor contactor K1 and
the motor brake contactor K4 pick up.
The drive, however, starts moving in
the opposite direction. The direction
of rotation contact 512 (40) closes ins-
tead of the direction of rotation con-
tact 11 (23). As soon as the step-by-
step contactor K5 picks up via S35
(31), K1 ceases to hold itself because
the K5 contact 21-22 is interrupted:
K1 drops out. This temporarily inter-

pts the voltage at the motor brake
ccntactor K4. Motor contactor K2
picks up via $12 (40), S11 and K1 (39),
so that the drive runs back after K4
has picked up until S12 (40) opens and
switches off the drive.

The drive operates in an analogous
manner if an impulse to “n" is given
via 52 (36).

4.3 De-energizing the motor drive
mechanism
Attention! !f the motor drive mecha-
nism is to be de-energized completely,
the incoming leads must carry no
voltage.

" Sections of the drive can be made free
of voltage as follows:

:otor circuit: By releasing the motor
protection switch Q1 directly or via
the stop button Sé (13) from the con-
trol room.

307

308

Control circuit, heating and all lines
looped in for monitoring purposes:
By means of the respective circuit
breakers - see the circuit diagram
supplied.

The motor-protection switch can only
be switched on in the drive.

4.4 Manual operation

Attention! Before the drive is
operated manually, it must be
de-energized by releasing the motor
protection switch Q1. If the motor
protection switch is on, the motor
drive mechanism starts automatically.

The drive can be moved with the
spokeless handwheel (606) over the
drive housing. Eight turns are required
to move one step.

The drive is in the correct tap position
if the red indicator triangle (307) is
aligned with the tap position mark
(308) (Figure 9).

Figure 9 Motor drive mechanism is
correctly placed at a tapping position

5. Installation and
commissioning

5.1 lInstallation

5.1.1 Transportation and storage

The motor drive mechanism can be
transported in any position. Cable
screws are closed. If stored for a lon-
ger period under humid conditions,
the built-in heater, heating element E1,
is to be put into operation,

5.1.2 Fitting into the transformer tank
Attention! Prior to installation check
whether the number of tapping posi-
tions is the same on both motor drive
mechanism and tap changer!

The motor drive mechanism is fast-
ened in position with the four
threaded bolts M10x50 (metric
thread), four hexagonal nuts and four
gaskets (see Figure 10 for fitting
dimensions). The console thickness
must not exceed 22 mm. Care must
be taken to ensure that the power
take-off shaft (203) is aligned with the
shaft to the bevel gear. Permissible
alignment deviation (including installa-
tion tolerances) is 3° maximum
(Figure 10), in the case of the cardan
shaft 20° maximum.

5.1.3 Installation of the drive shaft and
the bevel gear

See mounting instructions for on-load
tap.changers.

5.1.4 Coupling on-load tap changer
and motor drive mechanism

The coupling position of the motor
drive mechanism corresponds to the
data in the tap-changer circuit drawing.
Both tap changer and motor drive
mechanism must be in coupling posi-
tion. This position is indicated by a ¥
in the motor drive mechanism on the
tap-position indicator disc (311)
(Figure 4, page 6). This Y must be
aligned with the indicator triangle A
(306). Furthermore, the tap-position
indicator ¥ (307) must be aligned with
the position indicator (308)

(Figure 9, page 14).
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Figure 10 Mounting dimensions

Attention! After coupling, measure
the transformer ratio when in each
end position to check whether the
motor drive mechanism and the on-
load tap changer or selector switch
have been properly coupled! For this
work, movement to the end positions
must be performed manually.

5.1.5 Preparing for electric operation

The coupling position of the tap
changer is also indicated by a V at the
position indicator in the input bearing
or, in the case of selector switches, at
the position indicator in the top
section of the tap changer.

The diverter or selector switch must
always reliably switch over before the
motor drive mechanism comes to a
standstill. This is achieved by setting
the switch-over point of the diverter
or selector switch clearly before the
end of the step switching of the motor
drive mechanism. As far as possible
this difference must be the same in
both directions.

Adjusting the-on-load tap changer
position:

After moving to any tapping position,
the diverter or selector switch should
switch in both directions very
smoothly after 6.3 to 6.9 revolutions
of the drive shaft (203) at the motor
drive mechanism. To move one full
sten. eicht handwheel turns are

in chapter 2.4 of the operating instruc-
tions for on-load tap changers.
Recoupling is performed by turning
the drive shaft by 180° in each direc-
tion or, if cardan shafts are used, by
60° in each direction. This corres-
ponds to '/2and /¢ of a turn of a
motor-drive handwheel (606), respec-
tively.

Example:

The diverter or selector switch oper-
ates after six clockwise revolutions or
seven counterclockwise turns of the
handwheel. Half the difference
between the number of revolutions
(7-6)/2 = 1/2. The correction after
decoupling is thus '/2a handwheel turn
clockwise.

The drive shaft is then recoupled and
the fastening screws tightened.

The electric cables to the motor drive
mechanism are connected as shown in
the circuit diagram delivered with it.

Before the motor protection switch
Q1 is turned on, the drive mechanism
should be in a position somewhere in
the centre of the tapping range. It will
be in correct position if the red indica-
tor triangle (307) is standing opposite
the tap position indicator (308)
(Figure 9, page 14). The right-hand
cam of the chock (204) should also be
standing beneath the mark for the
chock position (210) (Figure 5,

page 7).

5.1.6 Setting the range limits

The two end-position cams (312) of
the entire setting range (marked red)
are fastened in the two holes of the
tap-position indicator disc (313) with
numbers indicating the highest and the
lowest tapping position. The numbers
are cast on the tap-position indicator
disc (313) within the ring of holes.

A drive with “n" tapping positions will
therefore have the two end-position
cams (312) fastened in the holes num-
bered “1" and "n".

If other range limits have to be set
subsequently, additional end-position
cams can be added. For this, the follo-
wing data is required:

a) FTNR (see rating plate in the
motor drive mechanism)
b) Setting range limits before position

*“1" and/or “n

Example:
Setting range not restricted:
n.=1n.=27
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A limiting cam is to be fastened in the
holes numbered 3 and 23.

5.2 Commissioning

5.2.1 Function tests

Before the motor drive mechanism is
switched on, a check must be made to
ensure that voltage, frequency and
phase sequence of the voltage used
correspond to the data specified on
the rating plate and in the circuit
diagram supplied with the motor drive.

5.2.1.1 Testing the step-by-step
~ontrol

vess the 51 or S2 step-by-step
control push-button. The drive mecha-
nism must not move more than one
step. Additional check: the push-
button is held down. The drive mecha-
nism must switch off at the next tap
position all the same.

5.2.1.2 Testing the mechanical end
stops

When the motor drive mechanism has
reached an end position, it is operated
in the same direction by means of the
handwheel (606). Continue turning
cautiously.

Attention! After about 1.8 turns of
the wheel, the drive mechanism will
automatically start running.

However, after not more than

2.5 turns, it will be brought to a stand-
still by the motor protection switch
Q1 which is triggered by the security
switch 540, and by the drive shaft
(203) which is blocked by the chock
(204). Blockage must always be per-
formed by the chock (204), not by
any blocking features which might be
in the tap changer. If this is not the
case, then the tap-changer position has
not been properly set (chapter 5.1.4,
page 15). Move back into position with
the handwheel (606). Shift the chock
(204} back into operating position.
The chock can be felt to catch when it
is in place. The indicator for the chock
position (210) (Figure 5, page 7) is in
front of the right-hand cam of the
chock (204). The motor protection
switch Q1 is switched on again. The
test is performed in the same manner

5.2.1.3 Testing the limit switches S8

O. \JPEIdLIVII,
maintenance,
inspection

6.1 Remote control

and 59

The motor drive mechanism is
switched to one of the end positions.
The motor must not start up again if it
is operated further in the same direc-
tion, but it should start up again if
operated in the opposite direction.

The test is performed in the same
manner at the other end position.

5.2.2 Commissioning at the place of

The drive mechanism can be con-
trolled from the control room by a
pulse generated manually or automati-
cally.

The motor protection switch Q1 is
rendered ineffective by operating the
stop push button Sé. The motor pro-
tection switch can only be switched on
again in the drive mechanism.

6.2 Local control

installation

Before the transformer is commis-
sioned, the motor drive tests as set
forth under section 5.2.1 are to be
repeated. It must also be checked that
the motor drive mechanism and the
tap changer or selector switch are in
the same position and have the same
number of operating positions.

The drive mechanism can be con-
trolled locally if the door (620) is
open, and can be switched off with
button "0" of the motor protection
switch Q1.

6.3 Supervision of operation

We recommend the following routine
checks at intervals of several months
both during operation and even when
the transformer is not in service:

1) A visuell check of the motor drive
mechanism to ensure that the
housing is waterproof and permits
no water to seep in, proper func-
tioning of the heater, satisfactory
external condition of the compo-
nents.

2) V-ribbed belt
Some rubber may be abraded from
the beit during operation. This
does not affect its function.

3) The external shaft may need greas-
ing. To prevent soiling, the door
(620) must always be kept well
shut during operation.

-

6.4 Maintenance

The following parts should be
checked/work performed at intervals
of one to two years when the trans-
former is not in service:

1) Door seals and lock

2) Housing air vents (621) cleaned

3) Heating

4) Terminal connections

5) Operation of the step-by-step con-
trol system, locally and from the
control room

6) Electrical operation of the limit
switches (see 5.2.1.3)

7) Mechanical check of end stops
(see 5.2.1.2)



8) Multi-contact dial switch and
tapping position indicator
9) If necessary, clean the motor-drive
mecanism
10) If the drive housing is subject to
severe mechanical vibrations, it is
advisable to check the tightness of
all screw fastenings and to retigh-
ten them if necessary
11) Check the condition of the
V-ribbed belt
12) Check the tension of the V-ribbed
belt (Figure 11). Any adjust-
ments, with nut (206) (Figure 5,
page 7)
13) If provided: automatic tap-posi-
tion overrun, overrun with per-
manent contact, automatic return.

6.5 Inspection
This takes place at the same time as

the inspection of the respective tap
changer or selector switch. In addition
to the checks described under 6.3 and
6.4 above, the following must be
checked:

14) Function of the control circuits
including monitoring circuits

15) The operating status of all compo-
nents, particularly the contactors
and push buttons.

Figure 11 Checking the tension of the
V-ribbed belt (207)
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We recommend to have inspections

performed by service personnel from

Trafo-Union or personnel trained by

TU.

Responsible for southern Germany
and all foreign countries:

Trafo-Union GmbH
Product Service Kirchheim
Hegelstr. 20

PO.Box 1554

D-7312 Kirchheim (Teck)
Telephone (07021) 508-1
FAX (07021) 508-477/488
Telex 7021102 = TUK

Responsible for northern Germany:

Trafo-Union GmbH
Product Service Bochum
Cruismannstr. 48

D-4630 Bochum-Riemke
Telephone (0234) 531165
FAX (0234) 531165
Telex 825461

6.6 Faults

We recommend that Product Service
Kirchheim be contacted whenever a
fault occurs (see 6.5 above).

If single components such as contac-
tors, push buttons, etc. break down,
only original makes and types
approved by Trafo-Union GmbH may
be used as replacements.

The sequence of operations required if
it becomes necessary to replace the
V-ribbed belt (see Figure 12):

1) Always bring the drive mechanism
into coupling position (see 5.1.4,
page 15)

2) Switch off the motor protection
switch Q1

3) Unscrew the nut (206) and tip the
motor towards the centre of the
housing

4) Remove two bayonet clips from
the chock axle (205)

5) Pull the chock axle (205) to the
left and suspend the chock (204)
on the right-hand side. Then pull
the chock axle (205) to the right
and suspend the chock (204) on
the left-hand side.

Figure 12 Changing the V-ribbed belt

204 Chock

205 Chock axle

206 Nut to tighten the belt
297 V-ribbed belt

314 Coupling

326 Chock lever

205
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6) Move the chock on the right-hand
side downwards, then shift to the
left together with the chock lever
(326) and remove the chock by
tilting.

7) Remove the coupling (314).
Loosen the top cylinder screw
with hexagonal socket head
wrench SW 5, and unscrew the
bottom cylinder screw.

8) Change the V-ribbed belt (207).

9) Remount the coupling (314).

10) Insert the chock (204) by tilting.

11) The chock lever (326) must be
between the two cams of the
chock (204).

12) Insert the chock axle (205) and
secure it as described in (4) and
(6) but reversing the sequence).

13) Shift the chock (204) until the
right-hand cam of this chock is
beneath the indicator of the chock
position (210). The chock can be
felt to catch in place. The security
switches $40 are not operated.

14) Tighten the nut (206) until the
V-ribbed belt is sufficiently ten-
sioned (Figure 11, page 17).

15) Check the position of the motor
drive mechanism and on-load tap
changer or selector switch (see
5.1.4, page 15).

16) Commission (see 5.2, page 16).

Al

Special circuits

7141

71.2

713

71.4

71.5

72

Local/remote changeover
switch S46

Heating element changeover
switch 515

Automatic overrun of certain
tapping positions, overrun
contact dial switch 523
Overrunning any tapping posi-
tion by means of continuous
contact, push buttons $51, S52
Return to tapping position “n”
by means of a brief control
pulse, push button S51

Special electrical accessories

721

722
72.3

72.4

72.5

General

Electrical equipment is available
for following special voltages:
Motor circuit: see Table 2
(page 3)

(standard 380/220 V, 50 Hz)
Control circuit:

Rated voltage:

110-380 V a.c., 50/60 Hz
60-200 V d.c.

(standard: 220 V a.c., 50 Hz)
Control circuit with overrun
multi-contact dial switch:
Rated voltage:

110-240V, 50/60 Hz
60-200 V d.c.

(standard: 220 V, 50 Hz)
Monitoring circuit:

Rated voltage up to 220 V
Heating circuit and light:
Rated voltage:

110V, 220V

(standard 220 V)

The accessories listed below
cannot all be accommodated in
the motor drive mechanism
simultaneously.

Socket outlet with earthing
contact X1

Hand lamp E4 with door
contact 514

Progress lamp H... in motor
drive mechanism, for super-
vision and checking purposes
Start-up capacitor C1
Operating capacitor C2

(C1 and C2 for single-phase
operation with three-phase
motor)

72.6 Miniature circuit breakers F...
(one or two-pole)
the available mounting rail
length: 55 mm

72.7  Auxiliary contactor K7...,
as additional control contactor
72.8  Time-lag relay K11 for
monitoring ‘operating time
72.9 A second contact range plate

517,523 (each with one contact
range)

7210 Emergency heater socket X9

7211 Base plate for cable insertion by
means of plugs and/or cable
end boxes, plus compression
glands in the drive cabinet

72.12 Encoding device U1

7213 Thermostat B1 (set at 20 °C)
for heating element E1

7.2.14 Push buttons S1, S2 for step-by-
step control, and contact S5 to
stop the drive, in the door of
the motor drive mechanism.

73 Mechanical accessories

731  Crank with motor interlock S7
(52 revolutions per step)

73.2  Mechanical stroke counter

73.3 Summation counter

734 Door made to take a padlock

73.5 Resettable minimum/maximum
" indicator

73.6 Circuit diagram as a plate in the

housing door

74 Equipment for special climatic

conditions
741 Model protected against sand
and dust storms, IP 55 to
IEC 144 and DIN 40050
Model for aggressive environ-
ments with outside ventilation

74.2

Further information on request.
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shown without connection plate
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Figure 13 Dimension drawing
of the MA-E/4
203 Power take-off shaft 606 Handwheel
603 2 transportation eye-bolts 610 Cabinet
. 604 Door lock 620 Door

605 Connection plate 621 Air vents
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Figure 14 Circuit diagram
E1 Heating element M Q1 Motor protection switch M S8-9  Limit switch : M
H1 Progress lamp w R1 Resistance tele-transmitter M 511-12 Direction of rotation contact /‘AV,;
K1-2  Motor contactor M S1-2  Push button S16 Multi-contact dial switch i
K4  Motor brake contactor M for step-by-step control M §35-36 Control contact -
K5 Step-by-step contactor M S3-4  Push button S37 Auxiliary contact MI
M1 Driving motor M for step-by-step control W 540 Security switch
D1 Pulse counter M Sé6 Push button to stop the drive W X10 Terminal strip M



Docusign Envelope ID: 95921D25-2829-4AB0-80A8-6ECE8D37B360

]

1. Electrical equipment to 3.2

D1

E1

K1, K2

K5

K4

M1

Q1

R1

Pulse counter

Make: Veeder Root,
Model: 7517

for voltage rating, see drive

Heating element

wire resistance

Make: Draloric,

Model: GWS 100 SS
220V, a.c./d.c., 970 ohms

Motor contact

Step-by-step contactor
Make: Siemens in each case,
Model: 3 TB 4017-OA

for voltage rating, see drive

Motor brake contactor
Make: Siemens

Model: 3 TH 8355-OA

for voltage rating, see'drive

Drive motor for three-phase
and single-phase current
Make: Dietz

Model: DR 80 B/8 4D

0.25 kW

for voltage rating, see drive
d.c. current

Make: Stlitzel, Model GM
0.25 kW

for voltage rating, see drive

Motor protection switch
Make: Siemens

Model: 3VE1 010

for release current range
see drive

Auxiliary switch with

1 NO, 1 NC contact :
Operating current release
Model: 3VX4 220

for voltage rating, see drive

Resistance tele-transmitter
metal film resistor

Make: Draloric

Model: SMA 0411,

TK100 £1%

§1,52  Push buttons for step-by-step
control
Make: Starkstrom
Switching element,
model DG
Push button, model D1A1S
Coupling, model Z11

S8, S9  Limit switches

$35,3536 Control contacts
540 Security switch

Make: Schaltbau in all cases
Model: S 826 a

ST, 12 Direction of rotation contact
Make: Schaltbau
Model: S 826 f
S16 Multi-contact dial switch
Make: TU
Model to FTNR
$37 Auxiliary contact
Make: Schaltbau
Model: S 800 a
X10 Terminal strip
Terminal block
Make: WAGO
(without screws)
Model 282-101
(motor circuit)
Model 280-101
(control circuit)
Model 282-107
(protective conductor)

2. Supplementary electrical equipment

to 7.2

B1

&
C2

E1

E4

71 oy

H2

K7-K10

K11

Thermostat

Make: Eberle
Model: 172153521
Range: 0 to +30 °C

Starting capacitor

Operating capacitor
Make and model:
see drive

Heating element

Wire resistance

Make: Draloric

Model: GWS 100 SS

110 V a.c./d.c., 500 ohms

Hand lamp
Make: Rademacher
Model: 111801

Miniature circuit breaker
a.c./d.c.

Make: BBC

Model: see drive

plus auxiliary switch
Model: see drive

Signal lamp

Make: Jautz

24 V order no. 440
110-130 V, 220 V
order no. 449A

Auxiliary contactor
Make: Siemens

Model: 3 TB 4017-OA
(45 mm wide)

Make: Siemens

Model: 3 TH 8355-0OA
(55 mm wide)

Time-lag relay,

delayed response

Time set: see drive

Make: Pilz

Model: PA-1SU/8/13/220 V
Ws 1UZ FBM

Up 24 Va.c to240 Va.c
40 to 60 Hz

24V d.c.to 48 V d.c.
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$1, 82 Push button for step-by-step
control

Make: Siemens

Switching element

Model: 3SB1400-OA
Operating element

Model: 35B1120-OABO0
Protective cap

Model: 3581902-1AK

S5 Push button to stop the drive
Make: Siemens
Switching element
Model: 3SB1400-OA
Operating element
Model: 3SB1120-OAC00
Protective cap
Model: 35B1902-1AK

S7 Motor interlock
Make: Schaltbau
Model: S 826 a

S14 Door contact
Make: Elan
Model: SEK 110

S15 Heating element change-over
switch

* S46 Local/remote change-over
switch
Notching switch in each case
Make: Starkstrom
Switching element,
Model DG11
Selector, Model D1G2S
Coupling Model Z11

§17, S23 Multi-contact dial switch
Make: TU
Design to FTNR

S51, S52 Push button for overrun
control
Make: Starkstrom
Switching element,
Model DG11
Push button, Model D1A1S
Coupling, Model Z11

U1 Encoding device
Make: see drive

X9

X10

irato-Union-Gmbi
Katzwanger Strasse 150
D-8500 Nirnberg 40
Fed. Republic of Germany
= (0911) 434-0

911856 = TUN

Emergency heater socket
Make: Schaltbau

Model: Stv XIil/Dst 2 m long
Plug for emergency heater
Make: Schaltbau

Model: Stv XIlI/Stb

with earthed contact

Terminal strip

Make: Phénix

(with screws)

Model: UK 10 (motor circuit)
UK 4 (control circuit) :
UKK 3 (multi-contact dial
switch)

USLKG 10 (protective earth
conductor)
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INSTRUCTIONS MAINTENANCE OF POWER TRANSFORMER

PAGE 1

1. FOREWORD

TROUBLESOME MAINTENANCE AND CHECK WORKS ARE ALMOST FREE FOR
THE LATEST POWER TRANSFORMER BUT IT IS RECOMMENDED TO PERFORM
MAINTENANCE AND CHECK IN ORDER TO PREVENT TROUBLE OF THE

TRANSFORMER.

THE CHECK PERIOD DEPENDS UPON IMPORTANCE IN THE TRANSFORMER

SYSTEM AND ENVIRONMENTS OF AN INSTALLATION SITE OR WEATHER.

THE FOLLOWING COVERS MAINTENANCE AND CHECK OF THE OIL-IMMERSED

TRANSFORMER IN NORMAL WORKING CONDITION.

@ STATHANIMG MM
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1000 Higher-than

66 KV
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Transformer temperature (°C)

Fig. 1 Allowable Insulation Resistance of Transformer

(1,000 V Megger Used)
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Resistance

Table 1 Large power Oil-Immersed Transformer (New) Insulation

Temperature ( C) Insulation Resistance (Mﬂ.)
20 2,000
30 ' 1,200
Lo 800
50 500
60 300
70 200

Note : The above-shown table shall apply to any winding

of higher than 3 KV.

4, REPLACEMENT STANDARD
When any abnormal condition is noted, wmust be renewved in

accordance with the following standards.

Parts

I

Replacement Period

0il pump

Ball type

When abnormal noise is produced from one pump

in working of longer than 10 years, renew all

Plane type

working of longer than 5, renew all the

bearings taking an opportunity of stop.

Cooling

fan

Non-
lubrica-

tion type

When abnormal noise is noted in one cooling
fan in working of longer than 3 years, renew
all the bearings taking an opportunity of

stop.

Lubrica-

tion type

When abnormal noise is noted in one cooling
fan in working of longer than 10 years, renew

all the bearings.

() TARATIHNIFS R
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Parts

e e

Replacement Period

proof

Vibration-| Rubber type | In working of longer than 10 years, renew

all the joints in accordance with condition.,

joint Metal type Generally, 30 years or so.

Oil-tight gaske

t | In working of longer than 10 years, renew
all the gaskets in accordance with

condition.

Pressure release Plate | Those, when checked, must be renewed in

and relays

and safety pin of accordance with condition.
main unit
Measuring instruments (1) Dial thermometer and pressure gauge:

Renew them about once per 10 years.

(2) Thermal resistance bulb, oil flowmeter,
0il level gauge and mechanical protective
relay:

Renew them about once per 30 years.

control for on-

tap-changer

Components in motor See the instruction manual for the on-load

load tap selector.

5. PRECAUTIONS

following p

When the transformer is maintained or operated, observe

oints.

Item F_

Description

I
[
|
|
|

General

A protective device such as an arrestor must always
be installed to the winding terminals of any trans-
former for which insulation class is specified.

When any transformer is operated, its temperature
must not exceed a value for which is provided in
AS-C61, ANSI-C57.12.00, IEC-76-2, BS-171 or the oil-
immersed transformer operation rule.

Keep off the air bushing during operation.

Do not completely stop the pump during operation.

Do not control the bleeder plug in principle during

operation.
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Item Description

General (cont'd)

0Oil preservation

system

. When each end valve of the o0il system is
closed, release pressure rise of closing

sections using the bleeder plug.

. Operation must not be perforﬁed with the

coupling pipe wvalve closed.

Dial o0il level

gauge

Do not adjust its pointer.

Dial therwmometer

. Do not bend or pull the guide pipe.
. Do not remove the cover without a valid

reason.

thermometer

Drain oil plug’

Mercury or alcohol

When a spare thermometer is stored or renewed,

do not fall it.

After operation, completely tighten the plug

and cap.

Pressure gauge

This is an air-tight type in construction.

Do not remove the cover.

m TATUNG CO. oCcT. 15. 1982.
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This instruction manual covers the important points of

installation.

1. RECEIVING INSPECTION
A transformer upon arrival at site should carefully be
inspected as following points.
Check the gas pressure. The gas pressure is changed in
proportion to the gas temperature as shown in Fig. 1. The
initial gas pressure and temperature are shown on the tank
wall., If the pressure changing deviates significantly from the
graph in Fig. 1, the transformer may have breathed moist air.
Check that the dew point of gas is equal to or lower than the

following wvalues.

Gas temperature (°¢) Dew point (°C)
0 -35
10 -30
20 -25
30 ~-15

TATUNG CO.
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Temperature difference
(°c)

J-+50

4 +40

++30

++20

+ +

=3 -2 -1 +1 +2 +3 (psi)
1

1 1 ! 1 1

i { T
~0.2 -0.1 +0.1 +O.2(kg/cm2)
+ -10

1 _20 ——Pressure difference
1l -30
+ =40

1 -s50

Fig. 1

Note: "Temp. difference" signifies gas temperature at the
time of arrival at site minus gas temperature at
dispatch.

"DPress. difference" means the gas pressure at the time

of arrival at site minus gas pressure at dispatch.
2. INSTALLATION
2.1 General
2.1.1 Application of gasket

(a) Remove throughly all the rust and sticking
matters from the gasket surface of flanges and
grooves until the base metal is exposed.

(b) Before using the new gasket, supply the seal
and rust proof paste to the both side of gasket.

2.1.2 Internal connection

Use the torque wrenches for tightening bolts of
terminals and bare conductors. The required torque

for each size bolt are shown in Table 1.

g::? TATUNG CO.
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Table 1
Torque
Bolt size
Kg - cm Lbs -~ ich.
M6 5010 % Lh £ 10 %
M8 120210 % 104 = 10 %
M10 250 £10 % 217 £ 10 4
M12 600 £ 10 % 522 * 10 4%
M16 1000 £ 10 ¢ 870 ¥ 10 ¢

Total exposed time (Iir)

2.1.3 Permissible exposed time of core and coils
While working on the transformer with the cover open
such as internal inspection, bushing installation,
internal connection and so on, the core and coils will

absorb moisture due to be exposed to atmosphere.

Therefore the exposed time of core and coils should be

limited with in a specified time as shown in Fig. 2.

501 48 Hrs
4o
30 -
50 A 24 Hrs
10 1
) L

Average relative air humidity (%)

o Figo 2

TATUNG CO.
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(a)

(b)

2.2 Tank assembly

2.2.1 Setting main tank

Place the transformer base so that each centering
mark of the transformer base coincides with the
center line of the foundation.

Set each main tank on the transformer base

coincides with the guide of the main tank.

Internal inspection

(a)

(b)

(c)

Ass

Check the coil end insulation and coil clamping
devices fitted between coils and yokes such as

studs, blocks and wedges.

Check the lead supports, insulation studs and nuts.
If there is any stud or nut loose, tighten
carefully.

Do not apply excessive torque on insulation studs

and nuts.

Check the appearance of bare leads and their

bolted joints.

embling of transforwmer tank, OLTC tank and

conservator.

(a)

(v)

(e)

(a)

Fit the transformer tank, the OLTC tank and the

conservator.

Remove the temporary connecting pipe for pressure
equilibrium fitted between the OLTC tank and the
OLTC compartment. After removing the pipe, fit
the blank covers on its openings. The blank cover

is supplied separately.

Fill the transformer tank, the OLTC tank and
conservator with o0il up to the o0il level

indicator indicates 50 percents.

Bolted the tank flanges, transformer base and

the brace.

2.3 Assembling radiators or coolers

@ TATUNG CO.
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(a) Remove the blank covers for each radiator or cooler and
be sure not to leave the desiccant in the radiator or
cooler attached to either of the blank covers.

(b) Remove the spring brace from the oil pumps and drain
0il out from the o0il pumps.

(c) Keep the butterfly valves closed until ready to start
oil filling undér vacuum.

(d) Fit the radiators or coolers on the main tank.
2.4 Mounting bushings and internal connections

To carry out internal work such as mounting bushings and
internal lead connection, drain 0il out as required
replacing with dry air.

(a) Mount the all bushings on the bushing pockets.

(b) Connect the all internal leads to the bushings.

2.5 Internal inspections for OLTC tank

Check the appearance of on-load tap changer and leads.
Confirm that the moving contacts of tap selector are on the

approximate center of the fixed tap.
2.6 Connecting handle operating wechanism

(a) Connect the driving shafts between the handle operating
mechanism and the bevel gear unit.

(b) Unlock the operating handle and confirm that the tap
changing operation canm be performed smoothly, by
observing the torque required to turn the operating

handle in each direction and in each position.

If the equipment was assembled correctly, each position

will be at the center of a high torque region.
2,7 0il filling under vacuum

The vacuum o0il filling should be carried out in accordance

with the instructions. HIE-0172-82.

(a) In order to prevent the deformation of the driving
shafts during evacuating, the driving shafts should

be uncoupled.

m TATIIRIM MM
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(b) Drain oil out from the transformer completely replacing

with dry air.

(c) Transformer tank should simultaneously be evacuated
with the on-load tap changer (OLTC) compartment through
its conservator. Never operate the OLTC while the OLTC

compartment and transformer tank in which the OLTC is

installed are evacuated.

2.8 0il filling for OLTC

The o0il filling for the OLTC compartment should be carried
out in accordance with the instructions HR-64016-6.0-1,

TATUNG CO. oCT. 15. 1982,
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LONG-TERM STORAGE FOR TRANSFORMER OR REACTOR

When the transformer is to be placed in storage, it is recom-
mended that it be set in its permanent location with all accessories
installed. In this case, the transformer should be maintained during
storage as though it was in service, in accordance with a relevant
instructions attached.

If this is not convenient, all suppries such as transformer
main tank, coolers, bushings, accessories, etc. should be stored
as follows. It is recommended to execute exactly following instruc-
tions, to avoid any trouble on theerection work or on the operation
in future.

1. Receiving inspection

Immediately upon arrival at site, the transformer main tank

and all the parts should be inspected in accordance with the

instructions for installation,

2. Location and condition of temporary installation and/or storing

2.1 Transformer main tank and big, heavy parts

(1) Tra:nsformer main tank and such big, heavy parts as shown the
location "OUT DOOR" in the following table may be installed
and stored outdoors, |

(2) Provide.a strong, level foundation, and place the transformer
main tank on it. The foundation should have enough strength

against the transformer total weight.

£ TaTuNG Co
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(3) The heavy parfs such as on-load tap changer tank, bushings,
etc. should be placed and stored on the strong, level ground, and
should be covered with tarpaulins. Lay a sleeper if necessary,

(4) Select the location where air can ventilate freely, and keep the
transformer main tank and the parts at well drainage.

(5) Other storing conditions to be established for the individual parts

are shown in the following table.

2.2 Coolers, . oil pipes and accessories

(1) Coolers, radiators, and such accessories as shown the location
"INDOOR" in the following table should be unpacked and stored
in the dry, well ventilated room.

(2) Other storing conditions to be established for the individual

parts are shown in the following table,

3. Maintenance

In order to prevent trouble of the transformer and parts,
perform maintenance and check periodically during the storage period.

The maintenance and the check period for a part depends on
environment, weather, location, storing condition, importance and
construction of the part etc. The following covers maintenance and
check in normal condition. For the individual transformers and
parts, plan maintenance and check referring to the following, and

maintain them in good quality.

@) TATUNG Go.
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(2)

S (05

Check outside of all the parts for damage and rusting once a
month,
Check inside of all such parts as were filled with nitrogen gas
and have no pressure gauge, for rusting once a yee;.r. Immediately
after each checking, seal and fill with nitrogen gas again.
Other check points and criterions necessary for individual parts
are shown in the following table,
Check oil levels and check for oil leak in daily patrol.
Note 1. The oil level will drop below the air cell type conservator
if the ambient temperature drops to minus 20°C or below.
If this happens, it will be necessary to add oil. -
Note 2. Watch the gas pressure once a week for a month and
once a month for subsequent period.
Before installing the parts after a long-term storage,
check as follows:
a. Determine the dew point of the gas remaining ig the
part.
The dew point of gas should be equal to or lower

than the values in the following table,

Gas temperature (°C) Dew point (°C)
0 -35
10 -30
20 -25
30 - 15

{50 TATUNG co.
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b. 1If the dew point is not satisfactory, the parts must
be dried.

Note 3, Test after the first few days, six months, one year, gnd
then yearly. If unacceptable, remove impurities by
filtering.

(4) Don't put the transformer in service after a long-term
storage without making sure that the insulation and insulating

oil are dry.
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