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h =head loss (ft)

B =bar shape factor
=2.42 (for sharp - edged rectangular, )
=1.83 for ( rectangular semicircular upstream )

=1.67 rectangular semicircular upstream face & down
stream face .

=1.79 for circular bars,

W = max. cross sectional width of bars facing direction of
flow (ft)

b = min. clear spacing width of bars (m)

. 2

hy = velocity head of flow approaching rack (m) ——
g

© = angle between the screen and the horizontal plane.
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_Area = _Qxt
D

Where : Q = Flow in m3 /day
t = Retention time in days

D = Depth of water in Pond (m)

- Asian Institute of Technology Method

Ls = 8 x 1.054T M
Ls = permissible load of B.O.D5
kg/hectare / day

T = temperature in (F°)
i =10%xD = a1)
Ls

Where :

t = detention time in days

Li = influent B.O.D. mg/litre

AR



Ls = allowed B.O.D. load kg/hectare

D =depth of water in pond in metres

Another Modified Formula :

Li - 60

T-20
18 x 1.05

where :

Li = Influent B.O.D. mg/litre
T = Temperature in ( °C)
60 = 60 mg/litre, the allowed B.O.D.

in effluent

Design Based on Mean Temperature of
Coldest Month :

Q(Li - Le)

T-20
18D (1.05)

1 - A=

Ve



Where :

A = Areainm?

Q = m?3 Per day

Li =B.0.D5 of incoming liquor in mg/litre
Le = B.0.Ds effluent

T =Mean temperature of coldest month in ’C

D = depth of water in pond in metres

2- Empirical Method:

Lix Q
2T - 12

Where :

A = area m’

Li =B.0.ds mg/litre

Q = daily flow m3/day
T = temperature n ( °F)

( average of coldest month )

3- Indian method :

As =375-625 L

AR



Where :

As =Loadin Kg/hectare

L = Latitude of the place in degrees

Temperature T by (1) T by (Il

| st Formula 2nd Foemula

UC UF

15 59 27 24

20 68 17 19

25 47 10 15
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Short-¢ircuit categories
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IEC 157-1 has two cntegories-of'short-circuit performance outlined

herein

Short-circuit
per formance
category

Rated operating sequence
for short-circuit
making and breaking

capacity tests

Condition after
short-circuit tests

Pl

O - t-Co

LY
Required to be capable
of performing reduced
service

P2

O-t-CoO-¢t -cCo

Required to be capabl
of performing normal
service

O  represents a breaking operation.

CO represents a making operation foll
opening time (or immediately,

owed, after the appropriate
that is without any intentional

time delay, in the case of a circuit-breaker not fitted with

integral overcurrent releases) by a

t represents a specified time interval.

A%

breaking operation.
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Temperature-rise
Type of material, limit (measured by
description of part thgrmocoupla)
Contact parts in air (main, control and
auxiliary contacts):
copper 45°C
silver or silver-faced" (1)
all other metals or sintered metals (2)
Contact parts in oil 65°C
Bare conductors including non-insulated coils (1)
Metallic parts acting as springs (3
Metallic parts in contacts with insulating
materials (4)
parts of metal or of insulating material in
contact with oil 65°C
Terminals for external insulated connections 70°C(5)
Manual operating means:
parts of metal -15°C
parts of insulating material 25°C
0il in oil-immersed apparatus (measured at the
hpper part of the oil) 60°C(6)

VT

.1he expression 'silver-faced' includes solid silver inserts as well
as electrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts after the endurance tests and
the short-circuit tests. Contacts faced with other materials, the
contact resistance of which is not significantly altered by okxidat~
.ion, are treated as silver-faced contacts.

{1) Limited solely by the necessity of not causing any damage to
adjacent parts.

(2) To be specified according to the properties of the metals used and
limited by the necessity of not causing any damage to adjacent
parts.

{3) The resulting temperature shall not reach a value such that the
elasticity of the material is impaired.

(4) Limited solely by the necessity of not causing any damage to
insulating materials.

(5) The temperature-rise limit of 70°C is a value based on the con-
ventional test A cb used or tested under
installation conditions may have connections the type, nature and
disposition of which will not be the same as those adopted for the
test; a different temperature rise of terminals may result and
this will have to be agreed. AW

{6) May be measured by thermometer.
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5.0 31.5 200
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8 50 315
10 63 400
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16 100 630
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Losses in kilowatts at operating temperature

No load 1/4 Load 1/2 Load 3/4 Load Full locad
0il No load 2.8 No load 2.8 No load 2.8  No load 2.8
Askarel 2.8 Load 0.6 | Load 2.3 Load 5.2 ‘Load 9.1
silicone Total 3.4 Total 5.1 Total 8.0 Total 11.9
pry-type, 150°C 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.2
Load 0.8 Load 3.3 Load 7.4 Load 13.2
Total 4.0 Total 6.5 Total 10.6 Total 16.4
Epoxy dry-type 3.2 No load 3.2 No load 3.2 Mo load 3.2 No load 3.2
Load 0.7 Load 3.0 Load 6.7 Load 11.8

Total 3.9 Total 6.2 Total 9.9 Total 15.

-
BIL = Basic insulation impulse level.
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Part

Cooling method

Temperature class
of insulation”

Maximum temperature rise
(°C)

Windings (temperature rise
measured by the resistance
method)

Air, natural or forced

mmwm»

60

75

80
100
125
1sot

Cores and other parts
(a) Adjacent to windings
(b) Not adjacent to windings

All

(a) Same values as for windings

(2) The temperature shall, in

no case, reach a value that
will damage the core itself
other parts or adjacent

materials :

-

Note.

Insulating materials may be used separately or in combination provided that in any application each

material will not be subjected to a temperature in excess of that for whizh it is suitable, if operated

under rated conditions.

» .
In accordance with IEC Publication 85, Recommendations for the Classification of Materials for the Insulation -
of Electrical Machinery and Apparatus in Relation to their Thermal Stability in Service.

+

For certain insulating materials, temperature rises in excess of 150°C ma

the manufacturer and the purchaser.-

¥ be adopted by agreement between

<

-



N B 2, G VA 30400 B LY, 200 1 (A -S) Shor

1 2
Part Maximum temperature rise (°C)
Wwindings: 65, when the oil circulation is natural or forced non-
class of insulation A directed

(temperature rise measured by the

resistance methed). 70, when the oil circulation is forced and directed
Top oil (temperature rise measured by 60, when the transformer is equipped with a conservator or

thermometer) sealed

55, when the transformer is neither equipped with a
conservator nor sealed

Cores, metallic parts and adjacent The temperature shall, in no case, reach a value that will
materials damage the core itself, other parts or adjacent smnonhu..i

Note

The temperature rise limits of the windings (measured by the resistance method) are chosen to
give the same hot-spot temperaturae rise with different types of oil circulation. The hot-spot
temperature rise cannot normally be measured directly. Transformers with forced-directed oil
flow have a difference between the hot-spot and the average temperature rise in the windings
which is smaller than that in transformers with patural or forced but not directed oil flow.
For this reason, the windings of transformers with forced-directed oil flow can have temperat-
ure rise limits (measured by the resistance methed) which are 5°C higher than in other
transformers.
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K. = initial load power as a fraction of rated power

= permissible load power as a fraction of rated powor
greater than unity)

t = duration of X, in hours

8_ = temperature of cooling medium (air or water).

Note K, = §,/5  and K, = S,/5, where §, 1s the initial load power,
is the permissible load power and 5. is the rated power.

values of K, For given values of K, ond €

K, =0.25 |K, = 0.50 |k, =0.70{ X, = 0.80 |X, =0.90 | K, =1.0C
¢ = 0.5 + + 1.93 1.83 1.69 1.00
£ 1 1.89 1.80 1.70 1.62 1.50 1.00
t = 2 1.59 1.53 1.46 1.41 1.32 1.00
t = 4 1.34 1.31 1.27 1.24 1.18 1.00
bt = 6 1.23 1.21 1.18 1.16 1.12 1.00
t = 8 1.16 1.15 149" 1.12 1.09 1.00
¢ = 12 1.10 1.09 1.08 1.07 1.05 1.00
k= 24 1.00 1.00 t.oo | 1.00 | 1.00 1.00

ONAN and ONAF transformers: Ba = 20°C,

Note In normal cyclic duty the value of K; should not be greater
than 1.5. The values of K, greater than 1.5, underlined,
apply to emergency duties.

The + sign indicates that K, is higher than 2.0.
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Assuming the same service life as for conlinuous operalion a! raled power and al an
ambient air teyperalure ol 20° C, the l\ransloymers may bo subjecled to a load cycle

as shawn by 1he curves below. '
2 t 05 =1 0]
1.5 [— 1 '|
" -.\\ .
IR PR N E—— | T —
4 \
g SRl
M s .
K, ==——_|
] ‘\
1,2 |—g+ S~ A ——
’ 8 — g
o I
- '
—— 2
24 o
1.0 2
LV}
m
0.9 =
0.2 0.4 0.6 0.8 1.0 1.2
-— K1

The curves are in accordance wilh lhe 1IEC recommendalion ol 1972 which permils a
hot-spol lemperalure in the windings of 140" G,

in which:
Ky = Initial load relerred 1o rating
K, = max, permissible load referred 1o raling
1 = durationol Kz inh

Note:

In cerlpin cases lhe permissible gverload oblained from the above curves may be
limited by the lap changor and bushings. Therelore, il il is iniended to oporale he
ransformer with a load cycle involving overloads, the heighl of the lalier and lho
nature of the 1oad cycle should be staled.

4‘424‘.1_\;-'1,.-& K2< Ky O% AN ATV = (§6- 6 ) S
| 2 N S
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Material” Fire point (°C)

Silicone liquid 360
Midel 7131 310
iCast resin 350
Class H +

*For comparison purposes mineral oil is
170°C. Askarel is non-flammable.

+These designs are virtually fire proof.

CAA Al S 08 13 st D50 221 (Wt ) D

RHR
Materjial convective -radiativ
{xW/m )} ikW/m’ )
ilicone 561 53 25
igh fire point hydrocarbon 546 361
poxy resin = =
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Designalion Vector Vector diagram Wiring diagram @
Clock hour figure group ® HV LV HV LV
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@ W the neutral Is brought out, the letler "N* must be added followlng the symbol tor the h.v.
winding, or “n" lollowing that of the I.v. winding; e.9. |.v. neulral brought out = Yyn0,

@ Mt Is assumed thal windings are wound in the same sense.
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Current rating and protection for cables

laid in air with rubber, PVC or paper-
insulated conductors, in accordance

with NEN 1010 (2nd edition), Art. 152")

i

Nominal | Single-core cables?) Twin-core cables Thrae- Eggl‘f;;ur-cure
cross SR L
ss::::g?l Highest Highest Highest
Sopiier Current nominal Current nominal Current nominal
conductor| "@tiNg value of rating value of rating _value of
the fuse the fuse the fuse
mm? A A A A A A
]
1.5 27 25 24 20 20 16
25 40 35 31 25 27 25
4 52 50 40 35 36 35
6 B5 63 52 50 46 35
10 88 80 72 63 62 50
16 115 100 96 80 80 63
25 150 125 — - 105 100
35 185 160 — — 125 100
50 230 200 — — 155 125
70 280 250 — — 195 160
95 335 315 — — 235 225
120 38s 355 — — 270 250
150 440 400 — — 310 250
185 500 450 — — 345 315
240 585 500 — — 385 355
300 670 630 —_ —_— 425 400
400 790 710 — 490 450
500 900 800 — —
625 1040 1000 — —
800 1200 — —
1000 1360 — —_




I T T P TR

30238 A AN SN KL LI D Vile (18- 3 Saun
220 (3 Gudls PYE Bols

Current ratings and protection for

cables, laid in the ground with rubber,

PVC or paper-insulated conductors, in
accordance with NEN 1010 (2nd edition),

Art. 1537).
: Three- and four-core
. > 2 ’
Nominal | Single-core cables?) Twin-core cables TS
cross o T [, PN
S::::E?I Highest Highest Highest
Gopher Current nominal Current nominal Current nominal
con(rl)uctor rating value af- rating value of rating value of
the fuse ; the fuse the fuse
mm? A A A A A A
L}
1.5 34 as . 30 25 25 0
2.5 50 50 38 35 35 35
4 65 63 50 50 45 35
6 82 80 65 63 57 50
10 110 100 20 80 76 63
16 145 125 120 100 100 B0
25 190 160 — —_ 130 125
35 230 225 — — 155 125
50 285 250 —_ — 195 160
70 350 315 — — 245 225
95 420 400 — —_ 285 280
120 480 450 — — 340 315
150 550 500 —_ — 385 355
185 625 500 — — 430 400
240 730 710 — — 480 400
300 835 710 — — 530 500
400 985 900 — — 615 500
500 1130 1000 — —_ — —
625 1300 — — — - —_
800 1500 — — — — —_
1000 1700 —_— — —_ — —

Y+




o";lf,-!,v‘ﬂ-! ;/Iﬂl&;@l{u_,gm SVl s (18-¢) CYyv S

Current rutings and protection for
cables laid in air with
(cross-linked polyethylene) insulated

Iy (3 o By XLPE

conductors.
, I 4 Three- and four-core
Nom!na; Single-core cables Twin-core cables cabiesu
cross S—— s at el
) Highest Highest Highest
areo of ) : .
- Current naeminal Current nominal Current nominal
conggc!or rating value of rating value of rating value of
the fuse the fuse the fus:
mm? A A A A A A
1.5 30 25 30 25 25 20
2.5 45 35 40 35 35 25
4 55 50 52 50 45 35
10 75 G3 70 63 60 50
6 100 80 95 80 80 63
16 135 100 125 |l 100 105 80
25 185 160 — e 135 100
35 225 200 — ! — 165 125
50 270 250 —_ i —_ 205 160
70 340 315 — o 255 200
g5 400 |
355 — : —_ 310 250
120 480 400 S | — 355 315
150 550 450 —_— : — 405 355
185 615 500 —_— 5 — 450 400
240 745 630 — i — 505 450
300 850 710 - — — —
400 1000 800 — { — — —




h})&b[ﬂlé)@ﬂ’/?" OVoar $ (V1-C ) S
2 N3 55 Pl XLPE 55\

Current ratings and protection for
cables, laid in the ground with
-sross-linked

polyethylene) insulated conductors?).

) ; |'Three- and four-core
Nominal | Single-core cables?) Twin-core cables cables
cross
sectional Highest Highest Highest
area of
Current nominal Current nominal | Current nominal
cogpekr rating value of rating value of rating value of
EORUCIRN the fuse the fuse the fuse
mm? A A A A A A
1
1.5 43 35 38 25 31 25
25 63 50 48 35 44 35
4 82 63 63 50 57 50
6 103 80 82 63 72 63
10 138 125 113 100 96 80
16 182 160 151 125 126 100
25 240 200 — — 163 125
35 290 250 — 195 160
50 360 315 — — 245 200
70 440 355 — 310 250
95 530 450 — 370 315
120 600 500 —_ — 430 355
150 690 630 — — 485 400
185 790 710 — —_ 540 450
240 920 800 — — 600 500
300 1050 900 — — 670 630
400 1240 1000 — —_ 775 710
500 1420 — —_ —_ -_— —_—

YA




NS a0 ale GMID_LIN S 3 (WS ) o
1’;_1:.&/;# ;_i,#ie,u 3 XLPE 51 PYC aslsals abl
s

Current rating in multicore cables laid
~ in air at an ambient temperature of

25 °C.
Current per core in A
Number of Rubber or PVC-insulated 5 " (XLPE)-
cores cables insulated cables
1.5 mm? 2.5 mm? 1.5 mm? 2.5mm?
6 15 21 18 25
7 14 19 17 24
8 : 13 18 16 23
10 12 16 14 20
12 11 15 13 19
14 10 14 12 18
16 10 13 12 17
19 9 12 11 16
24 8 11 10 14
- 30 7 10 9 13
37 7 9 8 11

Y-4
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Derating lnctars Tor the voarlation in
ambient lemperature exceeding 25 °C.

temperature % C T C »"C 40" C 45" C 50" C G0 C l
derating lactar | XLPE | 11 1.00 0.95 091 0.87 o682 0.76 Q.65 o.50
deraling lactor | PVC | [2 1.00 0.93 0.85 0.76 0.65 0.53

Deraling factors for grouping of cables Iaid in air

number ol cobles 2 ! 4 5 i 6
]

ElEAtnee eainlin it 1 0.0 080 087 0.5 083

enble dimnpter wel I'VC

calites inld airde Ly aide XLIE R .
withou! lnterapace ol VO 14 0.0t 079 .77 .75 172

Dernting faclars for grouping af eabies laid direct in the @ound [deplh appr. 10 cm, distance belween the cables nppr. 10 em}

I . srass ne ;
nuinber of cores ond eross acctinnnl nrea number of cables
of the conductor

three pad o
single core | ' ::r'r:s il h 2 3 4 5 G ? 8

951nm? and less A5mm? and less 15| XLPE 080 | 0B2 | 0.78 | 074 072 | 070 | 068 | 066
120/300 min?tnel. | 50 and M mm? 6 and 003 0.80 075 071 0.G§ 0.66 0.64 0.62
A0 mm? and inore E 9Snun’ andmore | 17| Pve 0.a7 0. 0.72 0.68 0.61 062 0.60 | 058

Derating Incloss for vatiations in theanal resialivily of the soil

[ specilic hoat resiniance 50 100 150 200
of the 20il In "C.emfW (damp) (verydry)
i XLPE
Q.
deroling Incter r and PVC L§:] 10 0.8 0.7 6
Deraling faclors for cabiles on recls !
number of lnyers on reels | 1 - 2 3 4 5
XLPE
i . .24
derating [nclor and PVC fg 0.56 0.38 0.32 0.27 0.2
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VOLTAGE GROP IN VOLTS

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
PRODUCT OF CURRENT INTENSITY AND CABLE LENGTH IN AMPERE.METRE,
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Voltage drop in a 3-core cable
3-phase alternating current, cos o = 0.8

Cross-sectional area of the conduclor
in.mm?
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GRAB TYPE SCREEN WITH:POWERED

YA

ENGAGEMENT.

This screen is of similar design to the Hi-lift screen type
RM but incorporates a pivoting raking mechanism
powered by an electro mechanical actuator. The rake
descends with the actuator ram retracted and the rake
held clear of the grid. When the rake reaches the bottom
of its travel, the actuator forces it into mesh with the grid
and the rake then ascends. If a blockage is encountered, a
current sensing device mounted in the control panel will
sense the current surge and give a signal to retract the
actuator ram. When the current drops, the actuator ram
will extend and re-engage the rake with the grid, giving a
profiling action around the obstruction.
The drive unit is protected by a second current sensor to
disconnect the drive in the event of a major obstruction.
. control equipment
incorporating a P.L.C., to ensure the correct operating
sequence is recommended, and can be mounted on the
screen headframe if required.
Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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GRAB TYPE SCREEN FOR MEDIUM TO DEEP
CHANNELS.

A reciprocating grab type screen suitable for light solids
loading. The straight bar screen is normally inclined at 75°
to the horizontal and the rake is positively driven on both
its downward travel, where it is held clear of the screen
grid, and on the upward travel, where the rake tines
engage with the grid bars.

Drive is by a single direct coupled motor, and the motor
reversing switches, which include the park out of flow
switch are readily accessible.

The screen drive is protected by a torque limiting
coupling fitted with a limit switch.

Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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FOR MEDIUM TO DEEP CHANNELS AND HEAVY
SOLIDS LOADING.

An inclined bar screen particularly suitable for
applications where the flow is of high solids/liquid ratio.
The screen requires only a short length of parallel
channel. The grid is raked by robust tines, the number of
sets of tines can be varied to give very rapid removal of
screenings.

Screenings are carried up the inclined screen
grid/deadplate to the discharge point. The raking action is
on the endless chain principle, although there are no
bearings or bottom sprockets in the flow.

The screen drive is shaft mounted and is protected by a
current sensor.

Preferred bar spacings are 6mm, 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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COARSE SCREEN FOR LARGE SOLIDS

A multi back raked coarse screen of very robust
construction.

The raking mechanism is mounted downstream of the
screen grid and is protected by the grid which is usually
inclined at 80 ° to the horizontal. Screenings are carried
over the top curved section and delivered to the
downstream side by rake tines which protrude through
the grid. The number of rake tines can be varied to suit
the solids loading and the tines are removable in sections
should replacement become necessary.

The screen drive unit is shaft mounted and is protected by
a current sensor.

Preferred bak spacings are 24mm upwards
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| FOR SHALLOW TO MEDIUM DEPTH CHANNELS
USUALLY UP TO 2600MM.

A robust mechanically raked curved bar screen which
gives a large effective screening area. The raking
mechanism requires the minimum of maintenance and all
moving parts, with the exception of the rake arm, are
above coping level.

The rotary motion of the drive is converted by a simple
crank and link arrangement into a profile action which
clears the grid on the upward stroke, disengages, and
returns to the foot of the grid when the cycle is repeated.
Screenings are discharged by a pivoting scraper down a
stainless steel hinged apron.

The screen drive is protected by a torque limiting
coupling in addition to normal starter overloads. The rake
arm parks out of the flow at the end of a running cycle.

Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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FOR SHALLOW CHANNELS NORMALLY UP TO
1000MM DEEP.

A fully curved rotary screen of rugged construction giving
the maximum screening area for a given width of
channel.

Two sets of rake tines rotating through 360 ° ensure rapid
removal of solids, which are lifted up to a pivoted scraper
and are discharged down an apron.

The screen drive is directly coupled and is protected by
either current sensor or torque limiting coupling. The rake
arms always park out of the flow at the end of a running
cycle.

Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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APPENDIX 9 — MANDATORY
NONDESTRUCTIVE EXAMINATION

ARTICLE 9-1
MAGNETIC PARTICLE EXAMINATION

9-100 SCOPE

fa) This Appendix provides procedures which shall
be [ollowed whenever magnetic particle cxamination
i3 specified in this Division,

fb) Arucle 7 of Section V shall be applicd for the
detl requiremnents in methods and procedures. and
the addinonal requircments specified wathin this Ap-
pendix.

fe) Magnetic parucle examination shall be per-
formed in accordance with a wrinten procedure cern-
fied by the Manufacrurer 1o be in a=cordance with the
requirements of T-130 of Section V.

9.110 CERTIFICATION OF COMPETENCE
OF NONDESTRUCTIVE EXAMINER

Personnel conducung the magnetic particle exami-
nation shall be qualified in accordance with AI-311.

9120 EVALUATION OF INDICATIONS

Indications will be revealed by reteauon of magnetic
partcies. All such indications are not necessarily im-
perfecuons, however, since excesmve surface rough-
ness, magnenc permeabidity vanations (such as at the
edges of hear afected zones), etc., may produce sumilar
indicanons.

An mdication is the evidence of 3 mechanical 1m-
perfection. Only indications which have any dimensien
greater than 5, . thall be considered relevant.

fa) A linear indicarion 18 ane having a length greater
than three fumes the width.

& A rounded indication 15 one of circular or el-
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liptizal shape with a length equal 1o or less “han thres
tumes its wadth.

9-130  ACCEFTANCE STANDARDS

These acceptance standards shall apply unless other
more restrictive standards are specified for specific ma-
tenals or applications within this Divitien.

All surfaces 1o be cxamined shall be fres of:

fa} relevan linear indications;

fb) relevant rounded indications greater thanm 4, in..

fel four or more relevant rounded indications in 2
line separated by Y, in. or less. edge-lo-edge

9140 REPAIR REQUIREMENTS

Unacceptable umperfections shall be remeved and
reelammanon made to assure complete removal
Whenever an imperfection 13 removed by chipping or
grindirg and subsequent repair by welding is not re-
quired, the sxcavared area shall be blended into the
surrounding surface so as ta avoid sharp notches. crev-
ices, or comers. Where welding is required after re-
moval of an imperfection, the area shall be cleaned
and welding performed in accordance with a quaiificd
welding procedure.

9-140.1 Trearment of Indications Believed ™onrel-
evant. Anv indication which is beileved 1o be nonrel-
evant shall be regarded as an imperfecnion unless it is
shown by resxamination by the same methed or By
the use of other nondestructive methods andsor by
surface conditioning that no unacceptable imperTection
Is present.



1989 SECTION VIII — DIVISION 2

9-140.2 Examination of Areas From Which Imper-
fections Have Been Removed. After an imperfecuon
is thought to have been removed and prior 1o making
weld repairs, the area shail be examined by swrable
methods to assure the imperfection has been elim-
inated.

9-140.3 Reexamination of Repair Areas, After re-
pairs have been made, the repaired area shall be blend-
ed into the surrounding surface o as to avoid sharp
notches, crevices, or corners, and reexamined by the
magnetic particle method and by all other merhods of
examination that were originally required for the af-
fected area, except that, when the depth of repair is
less than the radiographic sensitivity required, rera-
diography may be omitted.

TTA



ARTICLE 7
MAGNETIC PARTICLE EXAMINATION

T-100 iI"ﬂ'RGDUC‘I’IﬂH

The magnetic particle ezamination method may be
applied to detect cracks and other discontinuitia on
ar near the surfaces of ferromagnetic materials. The
senitivity is grestext for jurface discontinuities and
diminishes rapidly with increasing depth of subsurface
discontinuitics below the surface. Typical types of dis-
continuitics that can be detected by this method are
cracks, laps, seam, cold shuts, and laminations.

Io principle, this method involves magmctizng an
area 1o be exammined, and applying ferromagnetic par-
ticles (the examinations medium} to the surface. The
particles will form patterns on the surface where craciks
and other discantinuities cause distortons in the nor-
mal magnetic feld. Thee patterns are usually char-
acteristic of the type of discontinuity that is detacted.

Whichever technique is used to produce the mag-
netic fux in the part, mazimum seasitivity will be to
linear discontinuities oriented perpendicular to the
liney of flux. For opimum effectiveness in detecting
all types of discomtinuities, each are should be ex-
amined at lesst bwice, with the lines of Aux during onc
cxamination approaimately perpendicular to the lines
of Aux during the other.

T-710 SCOFE

When specified by the referencing Code Section, Lhe
magoetc particle examination techeiques descnbed in
this Article shall be used. [n general, this Acticle is in
conformance with SE-709, Standacd Recommended
Fractice for Magnetic Particle Examination. This doc-
ument provides additlonal detads to be considered in
the procodires used.

When this Article is specifled by a referencing Code
Section, the magnetic particle method d=scribed in this
Article shall be wiad together with Amicle 1. General
Requirements. Definiticn of terms used in his Aaticle
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may be found in Appendix A, Glossary of Terms Used
in Mondestructive Examination, or SE-269,

T.730 GENERAL REQUIREMENTS
T-T31  Frocedure

Examination proceditres shall be based on the fol-
lowing information:

fa) the materials, shapos, or sze to be caamined.
and the extent of the caamination;

{b) magnetization lechniques to be used;

{e) tquipmmtuhuudmrmmmﬁm:

{d) surface preparation (Aoishing and cleanungl

(&} type of ferrumagnetic particles 1o he ysed: man-
wlscturer, colar, wet or dry, €to

{f) magnetizanion cuTents {typc and amperagel

(g} dermagnetization.

T-722  Metbod of Examinatioa

Examination shall be dome by the comunuoul
method: that is, Lhe magoelzing current remains on
while the examination medium is being spplied and
while excess of the examination medium is being e
maoved.

T-723  Techniques and Materials

The ferromagnetic particles used 13 an examinaticn
mediurm shall be either wet or dry, and may be ather
fluormeent of nonfuoreseent.

One or more of the following five magnetizaton
technigues shall be usad:

{a) prod technique;

{6/ lonmtudinal magnetization technigque:

(c} circular magnetization techaique;

{d] yoke technlque;
fe) multidirectional msgnetization techmqué.



T-724

T-724  Surface Preparadon

fa) Satisfactory reultd are usually obrined when
the surfaces are in the as-welded, as-rolled, as-cast. or
as-forged conditions. However, surface preparation by
grinding or machining may be necessary where surface
irregularitiea could mask indications due 1o disconti-
nuities.

{b) Prior to magoetic particle examination, the sur-
face to be cxsmined and all adjacent areas within at
feast | in. shall be dry and free of ail dirt. grease, lint,
scule, welding fux and spaster, oil, or other extranegus
matter that could intesfere with the examination.

{¢] Cleaning may be sccomplished uding detargenty,
orgunic solvents, descaling solutions, paint removers,
vapor degreasing. sand or grit blasring, or ultrasonic
cleaning methods.

{d) If cratings are left on the part in the area being
cxamined, it must be demonstrated that indications
¢an be detected through the maximum coating thick-
nesa applied
NOTE: Befer to T-110 for gadasce for demenstration of the special
procedwre et hakgue.

T-728  Magnetization

A yuitsble and appropriste means for producing the
necossary magnetc fux in the part shall be employed,
using ane or more of the lechniques listed in T-722
and described in T-740.

T-726§ Exzamipaton Madium

The fnely divided ferromegnetic particles wsed for
the examination shall meet the follawing requircments.

fa) Dry Porticles. If dry particles are used. the color
of the particles (dry powder) shall provide adequate
contrast with the surface being ciamined. Additonal
speviflc requirements on the use of dry particles are
given in SE-709, Standard Recommendad Pracuce for
Magnetic Particle Exantinaticn. Magnetic particles ex-
amination shall pot be performed if the surface tem-
perature of the part exceeds S0U°F,

(B) Wer Particles. 11 wet purticles are used, the color
of the particles shail provide adequale contrast with
the surface being canmined. The particles shall be aus-
pended in a suitable liquid medium in the concentra-
lion recommended in SE-70%, Standard Recommended
Pracuce for Magnetic Particle Examination, which
conwins sdditional specific requirernenis on the use of
wet particles. The temperaturc of the wet particle sus-
pemion and the surface of the part shall aot excomd
L357F.
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T-78

{e) Flugrescens Partictez With Auorescent particles
the examination is performed using an ultraviolet light,
called black light. The cxamination shall be performed
ax follows.

{1} It shall ba performed L & Jurkcned ared

{2) The examiner shall be in the darkened area
for at least 3 min prioc to perforating the examination
to enabie his syes to adapt 1o dark viewing If the
examincy wears glasses or lenses, they shall ot be
photosensitive.

{7) The black light shall be allowed to warm up
for & minimum of 3 min prior (0 usc Of Meesuremet
of the imienmity of the ultravielet light emirted.

fl}ﬁtﬂﬂk“ﬂhlﬂlﬁtflhlﬂhmld
with & black light meter. A minimum of B00 pW/em'
on the surface of the purt being exammned shall be
mﬁmn.mm:wmuhm
at lnast once every 8 hr, and whenever the work staton
is changed.

T-7I7 Magnetiving Fleld Adwauscy aad Directioa

T-7I7.1 When it is necessary to venfy (he sdequacy
ar direction of the magnetiring Gcld, the magnetic’ par-
ticle feid indicator describod in Fig T.727hall he
used by p-udﬁminlthnindinwu-hﬂuhu.wh
examined.

When uiing this indicazar, a swtnble fux or feid
:mnnhilir-d:nmdwhnlchri\fddnndﬂuuf
mpcﬁemmhﬁmmlhempﬂh:ufm}
indicator when the magnetic particles are sppliad u-
multanecusly with the magnetiring force

Wnlﬂmhddﬂldﬂ.ﬁ:ufpﬂﬁdﬂﬂmm
or 13 oot formed in the desired directon, the. maguet-
izing technique shall be changed or adjusted

T-7772 The magnetic purcle Aeld lndlcatar is culy
permuticd for determining Seld adequacy whe specifl-
cally reforenced by the magnetizing technique in T+
744(c), T-T442(d), T-747.2, T-24510% T-
235, 1(b}(6), T-T45.2(a), and T-T43.2(1).

T-728  Rectified Current

(a) Whenever direct current i required recufied cur
rmtmyhusd.ﬁcmtﬁﬂ:ﬂﬂmﬁrw
zation shall be either three-phase (full-wave rectified)
current, or single phase (half-wave rectificd} curroat

i) The amperage required with Lhroe-phase, full-
wive rectified current shall be verifled by mensuring
the avernge current

fe) The amperage required with single-phase (balf-
wave rectified) current shall ba verficd by messunag

Ye-
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T-718

ARTICLE T — MAGNHETIC PARTICLE EXAMINATION

T-741
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FIG. T-727 MAGNETIC PARTICLE FIELD [NDICATOR

the average current output during the conducting half
cycle only.

T-729

When residual magnetism in the part could intertere
with subsequent processing or usage, the part shall he
demagnetized any tme after completion of the ex-
amination.

Demagnetization

T-730 CALIBRATION OF EQUIPMENT
T Frequency of Calibration

fa) Frequency. Esch piece of magnetizing equipment
with an ammeter shall be calibrated at least ance a
year, or whenever the equipment has been subjected
to majos clevtne repawr. periodic overhaul. or damage.
I equipment has ot boen in use for 2 year ar more.
wilibration shall be done prior 1o firse use,

Yiy

(&) Proceaure. The accuracy of the umit’s meter ahal]
be venfled annually by cquipment troceable 10 & na-
tional standard. Comparative readings shall be taken
for at least three different current cuiput levels encom-
passing the usable range.

{c) Tolerance. The unit’s meter reading shall pot
dewiate by more than = [09% of full scale. rclative o
the actual current valuc as shown by the tesi meter.

NOTE: When measunag hall-wars reciifled carrent sith & direc
wurrEnd hel meier, tesdingt abhal] be mulispled by L

T-T) EXAMIMATION

[-741  Ddrection of Magoetization

At lease twn separate examinations shall be per-
formed on cach arcs. Dunng (he second examination,
the lincy of magnetic fux shall be approximatcly per-
pendicular to those used during the first examination.
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A different rechnigue for magnetization may be used
for the second exagunation.

T-741  Examination Coverage

All examinations shail be conducted with sufficient
gverlap to amsure 100%% coverage 2t the required sen-
sty (T-727)

T-741]  Frod Technique

T-743.1 Magnerizing Procedure. For the prod tech-
mique. magnenzation o accomplished by portable prog
type clevirical vontaets pressed agunst the surfuce in
the area to be examined. To avoid orcing. & remote
control switch, which may be built into the prod han-
dles, shall be provided to permit the curreatr 1o be
terfied oa after the prods have bcen properly posi-
toned.

T-743.2 Magoeticing Current, Direct or rectihed
magmetizing current shall be used. The current shall
be 100 {mumimum)} amp/ila, te 123 (maximum) amps
in. of prod spacing for sections % in. thick or greater.
For sections less than % in. thick. the current shail be

%0 amp/in. ta 110 amp/in. of prod spacing.

T-742.3 Prod Spacing. Frod spacing shall not exceed
4 in. Sharter spacing may be used {0 sccommodate the
gremetric limitations of the area being examined ar ta
increase the sensitivity, bur prod spacings of less than
1in are usually not practical due to banding of the
particles around the prods. The prod tips shall be kept
clean and dressed. I the open vircust vollage of the
magnctizing current source {4 greater than 15 V, leul
steel. or aluminum {rather than copper) tipped prods
are recommended 10 avoid capper deposits on the pan
baing cramined,

T-744 Longitudinal Magnetizatlon Techmique

T-7T44.1 Magaerizing Procedure. For this technigue.
magnetization i3 accomplished by passing current
through 2 multi-turn fxed <oil (or cables) that is
wrapped around the part or seetion of the part 19 be
examuined. This produces a fengirudimal magnenc feid
parallel o the axis of che coil.

If & fxed, prewound coul is used the purt shall be
placed near tha side of the cail dunng mspecton, This
is of special imporance when the cuil upening 15 mure
than 10 times the cross-secoonal arca of the pare.

T-74d.2 Magmerdc Fleld Strenuth. Direct or rectitied
current shall be used (0 megnetize parts =xamined by

T743

this rechnigue. The required feld strength shall be
calculated based on the length L and the diameter O
of the parg in accurdance with (a), (), or a3 catablished
in (e}, below, Long pams shall be examined in sections
nut to exceed 18 in.. and |8 in. shall be used for the
part £ in culculating the reguired ficld steength. For
noneylindncal pars. 2 shall be the maxzimum cross.
sectional diagonal.

fa) Parts With L/D Rulios Equal ro or Greater Than
4 The magnetizing current shall be within = 0% of
the ampere-turns’ value determined as fallows:

Aum Luris - 33,00
e {L/Dy + 1

For example. a part |0 in. long ® 1 in. dlamcter bas

an L/D ratio of I, Therefore,

35,000
E!-_-'-'ﬁ = 3000 ampere-tumy

() Parts With L/D Rotips Less Than @ bur Nor Lesr
Than 2. The magnetizing ampere-rums shall be within
= 109 of the ampere-turns’ valus determined as [ol-

laws:

a5, 000

Ampere-lums = 70

{e) 1f the aren (0 he magnetized extends beyond 6
in. un either side of the coils, feld adequacy shall ke
demanstrated using the magnetic field indicawor per T
7zT.

fd) For large porta dus to size end shape, the mag-
ncling curfent shall be 1200 ampere-turnd to 4300
ampere-turns. The field adequacy shall be demanstrat-
ed using the magneuc field indicator per T-727.

T-744.3 Magnetizing Corrent. The current regquired
{o ubtain the nevessury magnetizing ficld strength shall

I determined by dividiog the ampere-turms cbtuned
in steps (n) or (b) sbove by the number of wrns in the

coil as follows:

ampere-turmi

Amperea (merer reading) =
mma

Fur ciample, if 3 -turn cuil is used and the ampere
turny required are F000, use

‘i!"r"_ﬂ = 1000 amperes ( = 10Te)

vEY
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T-745  Clreular Magnetization Techrigue

T-745.1 Direet Contact Technique

fa) Magnenzing Frocedure. Fur this teziimyue. mag-
petization 8 dacvomplished by passing currell throgh
the part ta be saamined. This preduces a cireuias mag-
netic field that 8 approsimately perpendiculor e ihe
direcuion of curcent fow in the pars

{b) Mognenzing Currene Direct or rectified (half
wave rectified or full-wave rectified) magnetiZing wur-
rent shall be wied. The required current shall be de-
termined usmng the following guidehnes.

{1} far parts with outer diameers up to fn —
700 amprin. to 900 amp/sin. of diameter shail be wsed,

2} Far parts with outer diamerers gver o Up
tg 10 in. — 500 amp/in. to 700 ampsin. of diameter
shall ke wwed:

{3} for purts with outer diameiers over 10 in. up
to 15 in, — 100 ampdin. to 300 amp/in. of diameter
shall be vsed;

{4) for pars with outer diameters aver |3 . —
100 amp/in. to 330 amp/in. of outer diameters shall
he used:

{5} for ports with geometric hapes viher than
round. the greateat cross-seciional diaganal in & plane
ai right angles 1o the current flow shall determine the
inches 1o be used 1. the above computRTIOns:

(&) 1f the current levels required for (b)(1) anc
{4) above caanot be obtained. 1he maximum current
abtainable shail be used aod the field adequacy shail
ke demonstrated by wsing the magnetic parmcle feld
indicator per T-727. For noncylindrical pars and when
exmmining large parts by clamping contacis to the wall
thickness, Reld adequacy shall be demonstrated by us-
ing the magnete particle field indicator per T. 717

T-745.2 Central Conductor Technique

fnj Magnetizing Procedure. For this rechnique. 4
central conductor 11 used 10 examine the internal sur-
faces of ring or cylindrically shaped parts. [he weniral
conductor technique may also be used [or examiniig
the outtide surfaces of these shapes, Where large Ji-
ameter cylinders are 1o b examined, the cunductor
shall he positionad clese tg the internal suctace of the
vylinder. When the conductor i not ventered, the vir-
cumierence of the cylinder shall he examined in 10
crements and a4 magnetic pacticle Aeld iadivator, ap-
plicd in sccordance with T-717, shall he used 1d
determine the eatent of the urc that may be epomincd
for each conductor position, Bars, or eables passed
through the bore of a cylinder, may be used to induce
circular magnetizafion.

th) Magnenzing Currenr, The ficld strength required
shall e equal to that determined in C-745.1(h) for 4

TEY

T-74%.1

wngie wrn céntral condusion The magnstic Aebd will
inurease in proporiian t@ e sumeer of times the cen-
tral cenductor cable passes through a hollow pare For
sxample, if 5000 amp are required o examing 4 part
using 4 single central candustar, 3000 amp are requarsd
when 2 ems af the theough cable are used: and 1200
amp are required if 3 turns dee used. Whea the central
conducior technigue i3 used, magneuc field udeguacy
<hail ke verified using a magacte pacticle field indi-
vatcd in accordance with T-717 (ses Fig. T-723.1)

T-746  Yoke Technique

T-736.1 Appllcation, This methed shall unly be ap-
plicd to detest discontinuitics that are apen Lo the
surfage uf the part.

T-746.1 Magnetzing Frocedure. For thia techaigue
alternaning ar direct current eleciromagnetic yokes, or
pormanent magnet yokes, shall be used.

SOTE: Excepe for matorisis 1 in ur jowin ihichnma ltermaning
cusmenl yAKEs 30 supcniof w0 direct of permancal magnet yokes of
equad fifting pawer fur (he delecnan of 4urfice disegntmulis.

T-745.1 Lifing Pawer of Yokes

fa) The magnetizing force of yokes shall be checked
ar least once & yemr, or whenever o yoke has been
damsged. If 2 yoke has not been in uia for & yeoar of
more, a check shall be dene pror ta fint usc,

{b) Each alternating current clectromagnetc yoke
Jhall have a iifting power of at least 10 1b at the mea-
imum pule spacing that will be used.,

{c) Each dlrect current ac permancnt magaectic yoke
shall have o lilting power of at least 40 [b st the max-
imum pole spacing that will be used.

id? Each weight aball be weghed with a 1cale from
3 reputable manufacturer and steaciled with ke ap-
plicable nominal weight prior to Arat use. A weight
need only be verified again if damaged in 8 manner
that could have caused potential loss of material,

T-747  Multidirectional Magnerizatinn Technique

T-747.1 Magnedzing Procedure, For thus techmique
magnetization i3 accumnplished by high amperage paw:
or packs operaling as many 33 hree circuits that are
energized une at a time in fapid succeInNon. [he cifect
of these rapdly altermaung magneuzing currcnis 13 [0
preduce an overall magneiizanon of the part in mul-
nple directions. Circular or lengitudinel magaeiic
Aelds may be genefafed ia any combination using the
various techniquen duscriped n T-7H and T-74)
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FIG. T-745.2 SINGLE-TURN AND TWO-TURN CENTRAL CONDUCTOR TECHNIQUE

T-747.2 Magoete Fleld Streagth. Only three phose,
full-wave rectified current shall be used (0 magnetize
the part. The initial magnetiziog current requirements
for each circuit shall be eatablished using the previously
described guidelines (see T-744 and T-745). The ade-
quacy of the magnetic feld shall be demonstrated in
sccordance with T-727, and a magnetic particle Aeld
indicator shall be used to verify that an adequate ficld
is obtained in ar least two nsarly perpendicular direc-
tions. For areas where adequate field strengths cannot
be demonsrated. additional magmetic parucle tech-
niques shall be used (o obtain the requured two diree-

tional covernge.

T-7T30 EVALUATION

fa} All indications shall be evaluated in terms of the
scceptance standagds of the referencing Code Section.
{5} Discontinuities ca or near the surfice are indi-
cated by retention of the examination medium. How-
ever, localized surface irrcgularities duc 1o machining

marks or other surface conditions may produce false
indicationa.

fe) Broad arcas of particle sccumulation which
might mask indications from dlscontinuities are pro-
lubited, and such areas chall be cleanad and resxam-
ined.

T-760 REPORTS

T:761  Maultidirecrdonal Magnetization Techalqus
Sketch

A technique sketch shall be prepared for sach dif-
ferent geometry examined, showing the part geomeiry,
cable arrangement and connections, magnetinog cur-
rent lor each circuit, and the areas of examination
where adequate feid strengths are obtained. Parts with
repetitive geometries, but different dimensions, may be
examined using a single akerch provided that the mag-
netic field strength is adequate when demonsirated in
aecordance with T-747.2

i 4



ARTICLE 9-2
LIQUID PENETRANT EXAMINATION

G200 SCOFPE

fot This Amicle descnbes methods which shall he
empioved whenever liquid penetrant examination is
specified i this Dewision,

bl Arele & of Secrson Vo shall be applied for detal
requiremenis  in me:hods.  procedures and  qual-
ficanions, wniess speciied within this Article.

fe) Liquid peretrant examination shall be performed
in Jccorgance with @ writien procedure certified bv the
Manufaciurer 10 be in aczordance with the require
ments of T-150 of Seceuon V

2-210 CERTIFICATION OF COMPETENCE
OF NOMNDESTRUCTIVE EXAMINER

Persannel Ei‘ll‘lduclll‘lg the |_'i_qmd penetrant exami-
nation shall be qualified in accordance wih Al-311

9-220 EVALUATION OF INDICATIONS

An inoicanion s the evidence of 3 mechanical im-
perfectign. Only wdicanions with major dimensions
greater than Y%, m. shall be considered relevant.

fa) A limegr indication 15 one having a length graater
than three tmes the width.

bl A rounded indication is one of circular ar el
lipnical shape with the length egual e or less than
thres cimes the width

fed Any questionable or doubeful indicanons shall
he resxamined 10 determine whether ar not they are
redevant

9-130 ACCEPTANCE STANDARDS

These aczzpuance stndards shall apply uniess other
more restneiive standarde ars specified for spesiic ma-
1emals ar appleanans sacthin this Devision.

All surfaces o be éxamuned shall be free of

fgy relevant linear indicarions:

Yio

ki relevant rounded indicalions greater than © ., in..
fc: four or mare relevant rounded mdicavens i a
lime separated hyv ‘i, in or less (edge-10-edee)

9- 240 REFAIR REQUIREMENTS

Uracceprable imperfections shall be removed and
reexamination made 10 asture compiete removai
Whenever an imperfection is removed by chipping or
gnnding and subsequent repair by welding & nat re-
quired. the excavated area thall he blended into the
surraunding surface 5o as to avoid sharp notzhes, cres-
ices. or comners. Where welding is reguired after re-
maval of an imperfection, the area shail be cleaned
and welding performed in accordance with a qualified
welding procadure.

9-1a0.1 Treatment of Indications Belicved ™Nonrei-
evant, Anv mmdicanon which ts believed to be nonrel-
evant shall be regarded as an impertecrion unless it 13
shown by reexamunanon by the same method or by
the use of other nondestructve methods and/or by
surface condittorung that no unacceptable impericcuon
15 present.

9-240.2 Examination of Areas Fram Which Imper--
fections Have Been Removed. After an imperieciion
15 thought to have been removed and pnar 10 making
weld repairs, the area shall be examined by suitable
methods 1o assure the imperfection has been elim-
inated.

9-240.3 Recxamunation of Repair Areas. Afier rc-
pairs have been made, the repaired area shall be blend-
ed into the surrounding suriace so as 1w avoid sharp
notches, crevices, of comers and resxamined by the
ligued penetrant method and by all ather methods of
sxarrunation that were ongpnally reauired for the af-
fected ares. except thar when the depeh of ropair s
less than the radiographic sensinvity reguired. rera-
diography mav be omitted
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ARTICLE 6
LIQUID PENETRANT EXAMINATION

T-600 INTHRODUCTION

The liquid penetrant examination method is an ef-
fective means for detecting disconunwues which are
apen 1o the surface of nonporous metals and other
matcrials, Typical discemtinuitics detectable by this
method are cracks, seams, laps, cold shuts, lamina-
tiony, and porosity. =

In princple, & liquid pemctrant is applied 10 the
surface 1o be examined and allowed 1o enter disconn-
nuities. All excess penetrust i3 then removed, the pant
is dried, and a developer 15 applisd. The developer
functions both a1 & blotter to ahurb penetrant that
has been trapped in disconnauitics. and as @ contrast-
ing background to enhance the vinbility of penetcant
indications. The dyes in penctrants are either color
contrast {visiole under whate light} or fluarescent (vis-
ible under ultraviolet Lghel.

Scofe

When specified by the referencing Code Secrion, the
tiguid penetrant examination (echniques described o
thus Article shall be used. The following listed SE Stan-
darda promde dezails which may be considered 1n the
spevifle procadures used:

fa) SE-165, Standard Practice far Liqud Prnetrant
Inspection Method

/bl SE-12109. Standard Teat Method lor Fluorescent
Penetrant Examnauon Uning the Water Washable
Procesa

fe) SE.1119, Standard Test Method for Fluarmcent
Pemetrant Examination Using the Solvent Remaovable
Procoss

fd) SE-1220. Standard Test Method for Visiole Pen-
etpant Examunanon Usng the Salvent Removable
Proce

When this Article s specified by a referencung Code
Section. the ligwd penetrant method descnbed in ths
Asticle thall be used together wath Article |, General

T-di0

Requirements. Defimtions of terms ased in thig Asticle
may be found in Appendia A, Gloasary of Terms Used
in Mondestrucgve Examination, or in SE-270.

T520 GENERAL REQUIREMENTS
T4521  Procedurs

T-521.1 Lnitial Procadure. Liquid penetrant exam-
ination shall be performed in accordagce with a pro-
cedure. Such & procedure shall consider at leant the
folluwing iafarmation:

fa) the matennls, shapes, or 3izey to be examuned.
and the extent of the examination;

fb) ype (number or lerer designation if availahlc)
of each pencirani, penetraat remover, emulsifier; and

developer;
fe) processing detnils for pre—examination elenning
amit Aring. imcleting dee sleasliig assiiuriady sl and

minimum time allowed for drying:

fd) processing details for spplying the penetrant, the
length of time that the penetrant will remain on the
surface (dweil tme), and the temperature of the surface
and penetrant dunng the examination if ouzside &IF
o 125F range

te] proccsung derails for removing eacess penetrant
from the surface, and for drying the surfice before
applying the developer;

() processing dewuls for applying the developer,
and length of developing time before interpretation;

fg} processing detuly for post-examination cleaning.

T-6212 Procedurs Revizign. A revised procedure
may be requured:

fa) whenever 3 change or substiiution it made
the type or famuly group of penetrant materials {in-
cluding developers, emulsifiers. etc.) or in the proc:
esaing techmgques

{h) whenever a change or subititution v mads io
the type of previeaning matenals or procmass;

Yiu



A30

A30

T-4112

fcl for any change i part processing that can close
surface cpenings of discontinuitics or leave tntertening
depotits, such 4a the use of grie Blast cleaning or aced
treatments.

T-622  Techniques

Either a color contrast {visbie) penetrant or a Quo-
rescent penetraak shall be used with one of the folluwing
thres penetrant proceises:

fa}) wacer waahablc
{8} post-emulnfyog
{c/ solvent removable

The visible and Auorescent penctrants used in combi-

antion with these thres pentrant processes cosull in 4ia

liquid penetrant techniques,

T-42)  Peoetrmnt Malerials

The term pererrant materials s used in this Amicle.
is inteoded to include all peactrants, swivents or clean-
ing agents, developers, etc., used in the sxamination
procems,

T424 Technlque Renricdons

Fluorescent pemetrant examination shall not follow
s color comirast penetrant examination. [ntermizing of
penctrant materials from different families or different
manufacturers [§ not permitisd. A peteat wath warter
washable penetrants may cause lows of margmnal wdica-
tions due to contaminaton,

T41% Coarrcl of Conaminanta

The user of this Article shall obtain certification of
contamminant content {for all liguid penetrant matenals
usexd on nickel base alloyy, awatenitic staunless stesls,
and titanium, These cerufications shail include 152 pen-
etrant manufacturery’ batch numoery and (he et re-
sults obtuned in accordance wath {a) and (b) below
These records shall be mantained a3 reguirzd by the
referencing Code Section,

foj When examinog mckel base allovs, all matenals
shall e analyzed individually for sulphur cantent s
foilawa.

(1} An individusd sample of the penetrant malte
rals with excepiion of cleanen shall be preparcs fur
analyaisy br heating 30 g of the matenal o 2 120 mm
nominal dinmeler glasa Petn dish at o rempesature of
194°TF to 212°F for 50 man,

ViV
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FRECALUTICN: Provide adoyusre vepolalion o divepus the omil
ted waper

{2) Analysis of the rendue shall be us follows: If
the residue iy lesa than 0.0023 g, the otatenad i ae-
ceptable without further anaiysis. [f the reidus o
0.0028 g ar more, the procedure shawn in (aj(l) abave
shall be repeated and the residue acalyzed ln secas-
donee with ASTM D 139 or ASTM D 1351, Adier-
nately, the matenial may be decompased in accordance
with ASTM D 129 and analyzed in sccordance with
ASTM D 516 Method B. The sulphur content shall
not excesd 19 of the rondue by weight.

{3} An individual sample of cleaner/remover ma-
terial shall be prepared for analysia by headng 100 g
of the material in & |50 mm nominal dinmeter glosy
Petri dish at & temperature of 194°F to 212°F for &0
fman.

PRECAUTION: Provide sdaquate veatlstion & dusoale the onit-
o vapar.

(4) Analysis of the ravidue shall b as follows: If
the residue is lesa than 0,003 g the mstonakm e
ceplable without further analysis, IF the resicue iy 0.005
§ of more, the procefure shown in (AN above ghall
be repested and the residus analyzed Tescoordance
with ASTM D 129 or ASTM D 1952 Altcraiely the
material may be decomposed o acvordance with I
129 aod analyzed in accordance with ASTM DJl6
Method B, The sulphur content shall not excead 1%
of the rendue by =mught.

(b When examining austenitlc scainlesy steed or G-
tanium, all materialy ahall be analyzed individunlly for
chlaroe and fuorine content as folluws

{1} An individual sample of the penetrant mate-
rials wath the excephion of ¢lempers ahall be preparcd
for apaiysis by heating 50 g of the material in = 120
mem nomual diameter glass Fetn dish at a (emperatuge
of |94°F to I12°F for &0 mun.

PRECAUTION: Frowde sdequacs ventlation (0 S pele B2 STut-
1 s poeT.

F2} Analysia of the rendue shall be s folows: If
the reudye 4 lesa than 00025 g, the malenal is ac-
ceplaple without further amalysa, If the residue o
0,002 g or mare, the procedure shown in (a}{1} above
inall be repeated and the renduc analyzed o accor-
lance wh ASTM D 308 or SE- 163 Aywex 2 [or chlg-
rne and SE-183 Anoex 1 for fluorine. The chlonne
s fuanne content shall oot excead 1% of the reaidue
hy weight. .

(1) An individual sample of the eleaner/Temmaver
material shall be prepared for analysis by beating 100
K ot the maternal in a 190 oo nomuinal dizmeter zlass
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Petr: dish at a temperature of 194°F to J12°F for 60
min.

FRECALTION: Provide sdequale »entddlian o disnpale the el
pud wRpOT.

{4) Analysis of the renidue shall be gs follows: 1
the reovidue i3 leas than 0.005 g, the matemal i3 ac-
ceptable without further analysis. If the rendue 15 0.005
g ot mare, the procedure shown in (a1} above shall
be repeated and the remidue analyzed in agcordance
with ASTM D 308 or SE-165 Annex 2 for chlonne
and SE-16% Annex 3 for Auanne. The chlanne plus
Auorine comtent shall not exceed | %% of the reaidue by
weight

T-416

fa) In general satwsfactory reoults may be abuained
when the surface of the part i3 ia the as-weided, 13-
rolled, a3-cast, or a3-forged condition. Surface prepara-
Gon by grinding, machining, or other methods may
be pecmaary where surface irregulanue could mask
indications of unaccepuable, disconnowties.

Surface Preparmtion

CAUTION; Condigening of narfaces prior v stdmunatiga can sfecs
the rencltn Ses Acucls 14 3E-[63, Anpea | for general precautiond
relsuve o rarfics condl Boning =

ib) Prior to each ligwd peactrant examination. the
surface o be exasuned and all adjacens areas wathia at
least 1 in. shall be dry and free of all dict, grease, line,
scale. welding (ux, weld spatter. pasnt, o, and other
extfaneous matter that could okbscure surface opening
or otherwisa interfere »ath the exarupanon.

fc) Typieal cleaning agents which may be uzed are
detergenty, organic solvents, descaling solutions, and
paint removers. Degreasing and ultrasomic cleaning
methods may also be wsed,

fd) Cleaning salvents shall meet the requirements OF
T-h2% The cleaning method emplover 19 20 imporant
pat of the caaminaiion provess.

T-417  Drying After Preparadoea

Aler eleamny, drying of the surface 10 oe examned
shall be accompiished by normal evapuration or *th
foresd hot o cold air, A munimum penod of Bme shall
e =iabiished t0 crsure that the cleamng wiunen Ras
eenpurated prior o application of the penctrant.

ARTICLE & — LIQUID PENETRANT ENAMINATION

T-544.3

T-640  EXAMINATION
T.641 Techaiques for Standard Temperatures

As a standard technique. the temperature of the pen-
strant ind the surface of the part to be processed shall
ant he belaw &TF nar above |23°F througbout the
examinavon period. Local heating or cocling i permul-
ted provided the part temperalufe Femains in the rage
af S0°F 1o 125°F during the examination. Where it is not
practical to comply with these temperature {imitations,
other temperatures aod limes may be used, provided
the procedures arc qualified a3 specifiad in T-648.

T-%41  Penemrant Application

Ttg oo=strent may be zpplicd by any mitshle mons,
such as dipping, brushing, or spraying. 1f the penetrant
i3 applied by spraying wsing compressed-alr-tyoe sppa-
ratus, fiters shall be placed on the upstream pide nesr
the air inlet 1o preciude contaminaton of the penetrant
by ol water, dirt, or sediment that may have collaceed

in the lines.

T-643 Penotradoa Tlme

Pencimtion time i crigcal. The mmimum penctra-
tioa time shall be a3 recommendsed In SE Standards
referenced in T-610 or as qualified by demonstration
for specific applicanons.

T4 Excesm Penctrant Remorsl

Alter 1he specified penctration time has elapeed. any
penetrant remaining on the surface shall be removed,
u:.in;mbwmm:.miurunmtiﬂfp:uﬁm[mm
discontnuities.

T-644.1 Water Washuble Penetranis. Eicess waler
washable penewrant shall be removed with 2 water
apray. The water presure shall not excaed 30 pa. and
the water temperature shall pot exceed 1IUF.

T-544.2 Fost-Emulsifylag Penetrants. With post-
rmuluifying peactraots, the emulufler ihall be applied
by spraying or dipping. Emulsification Lme o vntecal,
and governad by surface roughoess and fype of discen-
sinuitics sought. Tt shall not excesd § min ynless other
mes have been qualified by actual toe, After emulu-
fAcation, the munture shall be removed by 8 Watcr 3pry
g the same processes a3 for water wmhable peoe
trant.

T-444.3 Solvent Removable Penemrano, Excess sol-
vent remuvnble peneunne ihall be romoved by wapiog
wiih 3 cloth or absarbent paper. repoating Lhe operation
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until mest traces of penetrant have bern removed, 1he
renaining trace ahiail b6 remuved by iightly spmng thie
surface »ih cloth or sbsorbent paper maistensd waih
solvear, To mmimize removal of penstrant lrom das-
comtinuiies. care shall be taken to avoid the usc af
encess 1givent. Flushiog the surface =ith soivent, fol-
lawing the spplicadus of the peaetrast and prns tv
developiog, ls probibited

T-645  Dryiog After Exceas Pencirant Removal

fa) For the water wmshable or peat-emuliifying teck-
nique, the surfaces may be dried by blutting with clean
matenais of by using circulsting aur. provided the tem-
perature of the surface W not ruised abave 125°F.

(%) For the solvent removable tex:hoigue, the surfac-
o may be dricd by normal evaporation, bloting, wip-
iog, or forced air.

T4  Dereloping

The developer shall be spplied as soon as pomaible
afier penctrant removal; the tme interval shall not ex-
ceed that mtablished 1o the procedure. [nsufficient coat-
ing thickness may oot drRw the penctrant out of discoo-
tnwom: converscly, exceanye coalng thickness may
mank ipdicauons.

With calar contrast peoetrants, uniy a wet developer
shall be used. With fluorecent penetranta. a wet or dry
developer may be uscd.

15461 Dry Devcioper Applicadon, Dry developer
shall be applied oniy to a dry surface by a saft brush,
hand powder bulb, powder gun. or other means, pro-
vided the powder i3 dusted evenly over 1he entize 1l
face being examined.

T-54531 Wet Dereloper Applicadon, Prioc to
applying suspension type wet developer [0 the surface,
the developer must be thoroughly sgitated tq ensuie
adequate dispersion of nuspended particles.

fa) dqueous Developer Applicarion. Aqueoous devel-
gper may be applied to cither & wet ar dry surface. It
shall be spplied by dippiog, brushing, spranag, of ather
means, provided a thin coating is obtained aver the
enure surface being examined, Donng time may b
decreased by uaing warm air, provided Lhe surface tem-
perature of the part is not rased abave [25F. Blotting
i3 not permutted.

ibj Monaqueows Developer Applicarion. Honagueous
developer 3hall be applicd coly to s dry surface. 1t shail
be applicd by spraying. cicept where salely or reatricted
sccen preclude it. Under such conditions, developer

VEA
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may be applied by brushing. Dryng shall be by normal
gvaparalon.

[#dé.3 Developng time for fisal wnterprotation be-
gins immediately atles the app lication of & dry develop-
er or as soan ad 8 wel developer coalng iy dry.

T-647

T-547.1 Floul Laterpretetion. Final interpretation
shail be made wathin 7 to 30 min aller the requirements
of T 646.3 are satisfied. If blood-out doea oot altar the
exnminalion reauits, longer periods are permitisd. If
Uhe surface w be examined i3 large sncugh 10 preclude
complete examination within the prescnbod or aab-
lished time. be examination shall be performed in in-
crements.

T-647.2 Charncierizing Indlcatioafs). The type of
discontinuities wre dificult 1o svaluate if the peneLrant
difuscs exceasively inta the developer. If this condition
oecurs, close ohaervation of the formaricn of [ndica-
riony during applicaden of the developer may saust
in characterizing and delermuning the extent-of the
indications(a).

T-647.3 Color Coptramt Peoctrants. With & caler
contrut penetraot, the developer forms » reascoably
uniform whle coating. Surface discondnurties Are indi-
cated by blerd-out of the penetrant which Is normally
a decp red colar that stains the developer. todications
with a light pink color may indicate excounive cleaning.
Inadequate cleaning may leave an arcoumve back-
gruund making interpretation difficult. Adequate lu-
mination i required Lo cnsuse adequate smabwary duz-
ing the examinanon and evaluation of indicaoeon

Interpretation

T-647.4 Fluoresceat Penctrants. With Auorescmt
penetrants, the procos is cusentially the same 88 in

_T-647.3, with the caception that the cxamunation I

periormed using an ultravialet light, called block light.
The examination shall be performed as followa.

fa) It shall be performed io & darkened ares.

¢b) The canminer ahall be in the darkencd area for
at least § win prior o performing the etamination to
enable s eyes 1o adapt to dark viewing. If the caaminer
wears glasses ur lenscs, they shail not be photyseaitdye,

(e) The black light sball e allowed to warm up for
a muimum of min prior to use of mezsurement of
\be intensity of the ultraviolet light emirted.

fd) The biack light intenmty shall be messured with
a black light meter. A muumum of 300 pW/em’ on
1he m:fmvﬂheplrthcin;uamimdlhlﬂhﬂ:ﬂﬂlﬂd-
The black light intensity shall bz measured st least cucs

ech!h.lﬂdwmmuwuﬂ:mﬁunﬁﬁlnﬂi
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T-548 Frocedure for Moastandard Temperarures

T-648.1 General. When it 13 not practicad to cemduct
a liquid penectrant examination within the femperatiire
raoge of 50F to 125F, the caamnation procedurs at
the proposed lower or higher temperature raoge re-
quires quafificasion. This shall require the we of a
gquench cracked aluminum block. which in thia Article
i3 denignated as & liquid penctrant comparator block.

T-§48.7 Liquid Peoetruat Comparstor, The liquid
peactrant comparator blocks shall be made of alum-
num, ASTM B 2109, Type 21024 or 5B-211, Type 1024,
¥ in thick. and should have approaimate face dimen-
sions of 2 in. X Jin. At the center of cach [ece, ag area
approaimately | in, in diamcter sball be marked with
a 950°F temperature-indicating erayon or paint. The
marked ares shall be beared with a blowrorch, a Bunsen
bumner, or smular device to & temperatue beiween
950°F and 97FF. The spocimen 3hall then be immedi-
alzly quenched in cold water which produces a network
of ine cracks on each facs

The block shall then be dried by heatng ro approm-
mately J00F. After cooling, the block aball be cut in
balf. One-half of the specumen shall be denignated block
“A" and the pther block ~B" for identification o subse-
queat procosing, Figure T-648.7 illustrates the compa-
rator blocks "A" and "B." As an ajiernate to cuttiag
tha block in half to maks blocks "A™ and “'B," separate
blocks 2 in. ¢ Jin. can be made wsing the heating and
quenching techmique as descnibed above. Two compa-
rator blocks mih clenely matched crack patierns may
be used. The blocks shaill be marked "A" and “B."

T-54%.3 Comparator Application

fa} 1fit is desired to qualify a liquid penstrant exami-
nation procedure at 4 temperature of less than &FF.
the proposed procedure shall be applicd to block 8™
after the block and all materials have been cooied and
held ar the proposed cxamineuon (emperature unyi the
companaon i completed, A atandard prcedure which
has previously been demonstrated as suitable for use
shall be applied w0 bock “A™ Ia the &TF to 123T
temperature range. The indications of cracks shall be
compared betwern blocks “A™ and 8. If the mdica-
tions abtained under the propossd conditions on hlock
“B" are espentially the same a8 abtained on block “A"”
during ezaminagon at TF to |25, the proposed pro-
cedure shall be conmdered qualified for use.

¢4} I the proposed temperature for the examination
13 above | 25°F, block “D" shail be held ar this tempera-
ture throughout the examination. The lndicauons of
cracks shall be compared 28 desenbed in T-648.3(a)

ARTICLE § — LIQUID PENETRANT EXAMINATION

T-543.3

Seriow
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FIG. 7-538.2 UQUID PENETRANT COMPARATOR
{NOTE: Dimensions given are for guidanca oaly
and are nat eritleal)

while block "B 3 at the propotad l:m.pﬂ'l.l‘l.l-l_.':‘_!.ul:l
block =A™ is at the 60°F o 12ZFF (coopemature moge.

fe} A procedure qualificd at = temperamare lower
than &0F shxil be qualificd from that temperature to
&0°F.

{d) To qualify a procedure for temperatures sbove
125°F. the upper and lower temperature limits shall be
eatablished and the procedure qualified st thess tanper-
atitres,

fe) Asan siternate to the requiremenss of T-6448.3(s)
and T-648.3b) when using color contrast pencirints,
it is permissible fo use a tingle comparator block for
the standard and nonstandard temperafures aod to
make the comparison by phetography.

¢1) When the single comparator block and phota-
graphic technique is used, the procesiog detuls (a
applicable) described in T-543.3(a) and T-548.3(b)
apply. The block aball be thoroughly clcaned between
the wo procoming jicps. Photographs shall ba wken
after procossing at the nonstendand LempeTature and
then afler proceising at the standard temperature. The
indication of cracks shall be compared 'I::tﬂ:n the two
photographs. The same criteria for quaiiication aa T-
&48.3(n) shall apply.

Ta-
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(2) The identical photographic techniques shall be
used to make the comparison pbotographs.

T.650 EVALUATION

(a} Allindications shall be evaluated in terms of the
scceptance standards of the referencing Code Section.

(b) Discontinuities at the surface will be indicated
by bleed-out of penetrant; however, localized surface
irregularities due to machining marks or other surface
conditions may produce false indications.

fc) Broad arcma of fluurescence or pigmentation
which could mask indications of discontinuities are
unacceptable, and such arens shall be cleaned and reex-
amined.



Compression Table on Aerators

Table for various acrators

n
Aerator Features of Equipment Merit Demerit Application
Big bubble type | » Bubbles generated are big « Low Cost » Low efficiency of Oz transfer + Small scale treaiment plani
« No cloggings (High cost of power) (for labour saving)
+ Low mainienance cost » Turbulent flow breaks flocs
= Easy mainicnance
« Blower can be installed far away
{rom the acrators
(Lcss pressure loss)
Fine bubble typc | = Bubbles generated are small + High efficiency of Oz transfer = Air cleaner may be needed 10 Rl Large scale treatment plant
(Low cost of power)} prevent cloggings on the
+ Easy mainicnance aeralors
) + Turbulent flow breaks flocs
Ultrafinc bubble | « Bubbles generatcd are smaller than that | = Efficiency of Oz transfer is much | » Air cleancer may be needed to + Treaunent plant 10 reduce encrgy
lype of fine bubble type betler prevent clogging cosl e

Nao restriction on the shape of
lank
Goad for Nocculation

= Initial cost is a little high

+ Better ireatment
+ Treatment plant that requires
high nitrification

Vertical shaft
aguator lype

» There are two types of float iype n_E
fixed type
* There arc turbine type and _u_dﬂn__oq ype

Low cost
High cfficiency of Oz ransfer

+ Effcctive mixing

+ Maintcnance is not easy, if
numbers of unit are many

« Insufficicnt nitrification

« Not suited for cold area

Turbulent flow breaks MNocs

Distribution of DO in the 1ank

is not even

-

+ Treat plant that docs net require
nitrification

« Treatment plant located in hol
arca

« Acraling lagoon

Horizontal shaft
drive type

» Waves caused by rotation of aeralor
transfer O2
(only for shallow 1anks)

= There are two types of puddle type arxl
rotor lype

= High cificiency of Oz wransfer
+ Low price
» Low mainicnance cost

» Limitation of tank shape

» Not suited for cold area
Insufficicnt in nitrification
« Turbulent flow breaks MNocs

« Oxidation dich

Combination type

Air is injected from spurjaring and
simultaneously agitated by turbine

propellers equipped in the water

» Good mixing :
» Efficiency of Oz transfer is

ordinary
Supply of air is largely
adjustable

+ Reducer and air compressor are
required

+ High price
« High mainicnance cost

« Turbulent flow breaks Mocs

+ Treaimemt plant that requires
wide range of air supply
= Nirrification tank




2

Comparison Table a.n 02 Transfer in Water

Aerator 02 dissolving efficiency in | Power efficiency when O2 Required Energy -
water (%) transferred in water (kwh/kgO2)
(kgO2/kwh)

B Big bubble type
U Static aerator . 10 - 16 14 - 19 051 - 071
B Big bubble double type 0 - 13 14 - 1.9 0.62 - 071
BT | Big bubble single type 8 - 10 12 - 15 060 - 0.71
1 P | Fine bubble type .
NE | Circling type 5 - 26 19 = 33 031 - 055°

(C [ Untra fine bubbling type total aeration type 20 - 3 30 - 46 0.22 - 033
M Low speed surface aeration type 1.5 - 22 0.46 - 0.66
¢
H & | High speed surface acration type 12 - 18 055 - 1.82
n R
A
¢l
to
=N
m Turbine spurjar 14 - 18 12 - 18 055 - 082
M
m Jet acrator 15 - 26 16 - 23 0.44 - 0.62
N
A
TT
1Y
oP
NE

*  n case of mixed liquid in the aeration tank, it will be doubled.
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