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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)

hy = velocity head of flow approaching rack (m) 2
2

© = angle between the screen and the horizontal plane.
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My, = aF - bM - (3)
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Q = Design flow m*/day cen el O pasll
V = Reactor volume m’ Ll jog o>
; oS Loz
{; = BODtoreactor gm/ m? o et S
Lpeall g S A DU
j ; LYl
Lo = BOD required gm/ m? o S| oS gl

Ll g dag ol

MLSS = \fixed liquor suspended solids gm/m g gyl sl S
Iyl oy P

U5Y agstk! amdly ol (V=YD o, Jpddly () (3, 2pandl s

o (F/M) ol Sl I e il Zes 2 55wy BODs

e Al LI L) LS s ST () ¢ 2t

(Q) )] pahne oy ( MLSS ) (V) 63, sganil e Aoyl

(V) adll g g sl (V) ) dalall bz
Vi



Gyliey (0) 8, slalldlaaaly st abet i Ol o= =
: A ;5 el
Oxygen requrment

Llhlt SN a8 (1)
O.=[aF/M+b' M ©)

a = coastant 0.55 for domastic wastewater

b = constant Q.15 for domastic wastewater
slpll 348 (V) 3, Dolall e bt oSV S il = -V
ey 2dly iy, ST ) 2SI 2y pa
(7)  For nitrification

Opit=4.6 Q( NH3)/10° (7

Onit = Qxygen required for nitrifiation
= 4.6 kg of Oy for NH3 to NO3
NH3 = (Inf NH3 as N - Effluent NHzyasN)gm/ m3
= NH3 gm/ m°
DO =dissolved oxygen (1 - 2y gm / m3
=20kg0O2 / kgBOD removed for extended

=(0.9-1.2) kg O2/ kg BOD Removed for conventional

AN

s

T

=

et e Ly o
Sludge retention time (SRT) o)

Total MLSS in acrator M
SRE= Excess sludge produced My
M
SRT = —
aF - bM
Recirculation rate of sludge (R). ladl akel Juna

C2R =CI (R+Q)
Cl = MLSS in reactor gm/m> Tupgall o ADI sk 55

C2 = MLSS in returned sludge gm/m® sty wun st 55

= 10000 gm/ m? (max)
R = return sludge 100% of Q m3/hr.

Q = tlow rate m3/hr.

C2= mg/lit
SVI1 or sludge volume index
ki a7 5,55 dny &kl oLl o ol sl 2l 2

= & doly dare bie L el Gl

m/ settled sludge * 1000
mg/lit suspended solids (MLSS)
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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=

Vhoe

-Area = Qxt
D

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

D = Depth of water in Pond (m)

- Asian Institute of Te |

Ls = 8 x 1.054T e8]
Ls = permissible load of B.O.D5
kg/hectare / day

T = temperature in (F°)

Li

t =10xD — (11)
Ls

Where :

t = detention time in days

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



Where :

As = Loadin Kg/hectare

L = Latitude of the place in degrees

Temperature T by (1) T by (Il

I st Formula 2nd Foenula

‘C °F

15 59 27 24

20 68 17 19

25 77 10 [5

Maturation ponds D 1 AT il e -0

ey o g il e Ll ol | 015V g Liai¥ o Jamias -
o Y WIS, . ol il protozoa it ses, ol 41, fungi

c 5 B el o ] ) lamzy i galiiena]
T iy Ly SSQ siay g 6 dyslaie &1 JS 0,85 Latie s

1 sl plainly LY & prans o3y 5 Y

VY

Where :

A = Areain m?2

Q = m3 Per day

Li =B.0.D5 of incoming liquor in mg/litre
Le =B.0.Dj5 etfluent

T = Mean temperature of coldest month in 'C

D = depth of water in pond in metres

2- Empirical Method:

LixQ
2T - 12

Where :
A =aream’
Li =B.0.ds mg/litre
Q = daily flow m3/day
T =temperature in ( “F)
f average of coldest month )

3- Indian method :

As =375-6.25 L
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Short-c¢ircuit categories

IEC 157-1 has two categories of 'shortﬂcircuit performance cutlined

herein

Short-circuit Rated operating sequence Condition after
performance for short-circuit short-circuit tests
category making and breaking
capacity tests
i 31 0 - t- CO Required to be capable
of performing reduced
service
P2 0O-t-Co~t-cCo Required to be capabl
of performing normal
service

Q represents a

breaking operation.

CO represents a making operation followed, after the appropriate
opening time {(or immediately, that is without any intentional
time delay, in the case of a circult-breaker not fitted with
integral overcurrent releases) by a breaking operation.

t represents a

Y14

specified time interval.

Method of short circuit tests 3 31 ad ol &b ()

il A oty 3,4 )y g Y Oladows ()

Temperature- rise limitations / Thermal ratings
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Temperature-rige
Type of material, limit (measured by
description of part thermocolple)

contact parts in air (main, control and
auxiliary contacts):

copper 45°C

silver or silver-faced" 1

all other matals or sintered metals {2}
Contact. parts in oil 65°C
pare conductors including non-insulated coils ()
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 axternal insulated connections 10°C(5)
Manual operating means:

parts of metal -15°C

parts of insulating material 25°C
013 in oil~-immersed apparatus (measured at the

60°C(6)

ypper part of the oil)

includes soiid silver inserts am well
as electrolytically deposited silver, provided that a continucus
layer of silver remains on the contacts after the endurance tests ar
the short-circuit tests. Contacts faced with other materials, the
contact resistance of which is not significantly altered by oxidat~
jon, are traated as silver-faced contacts.

Limjted solely by the nacessity of not causing any damage to

adjacent parts.
{2) To be specified according to the
limited by the necessity of not causing any damag

parts.

{3) The resulting temperature sha
elasticity of the material is impaired.

(4) Limited solely by the necessity of not caus

insulating materials.

{5} The temperature-rise limit of 70°C is a valus based on the con-
ventional test A ¢cb used or tested under
installation conditions may have connections the type, hature av
disposition of which will not be the same as those adopted for t%
test; a different temperature rise of terminals may result and
this will have to be agreed. VY-

(6) May be measured by thermometer.

L ]
The expression rgilver-faced’

(n
properties of the metals used r-
e to adjacent

11 not reach a value such that thn

ing any damage to

1l
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5.0 35 200
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12.5 80 500
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20 125 800
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Losses in kilowatts at operating temperature
No load 1/4 Load 1/2 Load 1/4 Load Full load
oil No load 2.8 No load 2.B 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 i.4 Total S.! Total 8.0 Total 11.9
Dry-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 3.2 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 15.0

anH = Basic insulation impulse level.

BB OV IS 4053 Lliw, do 1(V-C) daur

2

3

4

Part

Cooling method

Temperature class
of insulation”

Maximum temperature rise
(*c}

Windings (temperature rise
measured by the resistance
method)

Air, natural or forced

mM o>

60
75
80

100

125

150t

Cores and other parts
(a} Adjacent to windings

(b) Not adjacent to windings

All

(a) Same values as for windings

{a) The temparature shall, in
no case, reach a value that
will damage the core itself

other parts or nnunnnnn
materials

b

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 operatad
under rated conditions.

YA

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 risas in excess of 150°C may be adopted V% agreement between
the manufacturer and the purchaser.-

<
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1 P4
Part Maximum temperature rise (°C}
windings: 65, when the oil circulation is natural or forced non-
class of insulation A directed
(temperature rise meagsured by the
resigtance method). 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 aquipped 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 a.n.noﬂ_.nu&

Note The temperature rise limits of the windings (measured by the resistance method} are chosen to
give the same hot-spot temperature rise with different types of oil circulation. The hot-spot
temperature rise cannot normally be measured directly. Transformers with forced~directad oil
flow have a difference between the hot-spot and the average temperature rigse 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 forged-directed oil flow can have temperat-
ure rise limits (measured by the resistance method} which are 5°C higher than in other
transformers.
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.('To—\‘ o JSs ) t‘__L,.-.L:JI bl Ladl il e k2,k1
G B 2,8 VMWLt 3Is 1 (4K cho e

Fi . ) L
ire Resistance &4 )21 doglig 4-¥-¥
Sy e o) ZasLie s (iaall @y s ) 3ypailly GULI Yyl K, = initial load power as a fraction of rated power

= permlssible load power as a fraction of rated powor

Jlazdl 2bss sl dl aied ol o Lz ol cat! 3L (5 . )
o Adlodd of e Lat, oW A 20l alls oF ey lls greater than unity)
vl o Laaie ;.:L-UJ‘L...“JL.‘;,?'I Lp_u_;‘,;__,u-J! 5yl I s o) t = duration of K, in hours

i, = - - - oLt §_ = temperature of cooling medium (air or water).
ols Geadd 5alll daglin el 5 s Y e ~ ! Jalal oz (Lpondin 22c .
Note K, =5,/5 and K, = Sz/Sr where 5, 1s the initial load powe

IJ I ‘ 2 l a o . & f- - T
Leed] Dol 85 5,1 s el ot el Bl Jlazs Y| 3k 55 5, is the permissible load power and 5 1s tho rated power.
i LdeB il ; 5
) 3 _ - valves of K, For given valves of K, and €
t ) Gl Las Gl e Jlazs ¥l ki (3. -v) oo daadt oy -
= o ' K, =0.25 |k, = 0.50 |K,~0.70 | K, =0.B0 [, =0.90 | K, =1.00
2508 3my ade ke ST FLIN]| - L % o. . ) .
= = e Wk 2y SU LA ez En 0.5 + 1.9 1,83 1.63 | 1.00
e ol ey -é-'.J-"U:La-nL_-Lu:a_,L,_:_:.!;,.i.gL;JUIHJ}.JI e Ly t - 3 1.89 1.680 1.70 1.62 1.50 1.00
Al 5L i Gl caY it Trasl] b . . b= 2 1.59 1.53 1,46 1.41 1.32 1.00
F g T SN [ S I B . -3
el U Laeyl s isY L~ 4 1.34 1.3 1.27 1.24 1.18 1.00
ALV L) e sie 55V Olipaall BLOYL s e o2l t= 6 1.23 1.21 1.18 1.16 1.12 1.00
e ol e 1 ol 3 ) ) . t = 6 1.16 1.15 1.13° 1.12 1.09 1.00
e . e hele izl DLt oo peliedll s ez, e = 12 1.10 1.09 1.08 1.07 1.05 1.00
st Landol 005y e Jiall i S, N PN P - P SR b = 24 1.00 1.00 .00 | 1.00 1.00 1.00
Sl el sl Lol Sy :\...,.E.”Ua_,_SF J_,:ﬂ assdiy selas! J"":"lJ ONAN. and ONAF transformers: Ba. = 20°C.
H‘u’g‘r;wlﬁ.&ﬁl% by &Y ad | a.LgJJ;I_H‘YIU_;i o il s 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,
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Material® Fire point {°C)
Silicona liquid 360
Midel 7113t 1o
iCast resin 350
Class H i

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

.1.
These designas are virtually fire proof.

oA ansld) V3 e o3 55l Wpss 221 (W8 ) Saue

RHR
Matertal convective - rédlatj.v
(kW/m } kW/mo)
L1icone 561 53 25
iigh fire point hydrocarbon 546 36t
poxy resin - -
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as lar continvous operalion ot raled power and al on
the lransformers may be subjected lo a foad cycle
‘-

Assuming lhe same service lile
ambient air lemperoture of 20° G,
as shown by the ciyves below.

2 1 05—1 ®
1.5 1
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K I
H & "'--.,_\
1.2 |—g \-\_
; B
] [ —— 'E
1.0 =
£
Y
0.8 L
0.2 0.4 0.6 D8 10 1.2
— K'

The cuves mie in accordance with the 1EC recommendation of 1972 which permils a
hot-spol lemperalure in the windings of 140° C.

in whicli:
¥, = inilinl toad reterred lo raling
K3 = max. permissible load relerred o raling
t = duralion ol Kz inh

Note:

In eertiin cases 1he permissibie overio
limited by the tap changer and bushings.
Iransformer with a load cycle tnvolving overload
nature of the load cycle should be slaled.

ad obinined from the above curves may e
Therelore, IT #f is Intended o oporate lhe
s, the heighl of e laller and the

mﬁ:“n;-'.',.a& Kz2< Ki ob MMM (1T (§6-6)
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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. 1521)

e

Lier 2 (4¥-C ) chom
L3 2Ly pye 551

&

Nominal | Single-core cables?) Twin-core cables Three- zgic)l]:osur-core
cross P
sectional Highest Highest Highest
area of . ; .
copper Cur.rent nominal Cur_rent nominal Currenl nominal
conductor]  T2ting velue 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 3 25 27 25
4 52 50 40 35 35 35
6 65 62 52 50 45 35
10 88 80 72 63 62 50
16 115 100 96 80 80 63
25 150 125 — —_ 105 100
35 185 180 - — 125 100
50 230 200 — - 155 125
70 280 250 — — 195 160
95 335 315 -— -— 235 225
120 385 355 — — 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
500 800 800 - — — —_
625" 1040 1000 — —_ — —_
800 1200 — — _ —_ —
1000 1360 — — — - -—
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Current ritings and protection for
cables laid In air with

Current ratings and protection for
cables, laid in the ground with rubber,
PVC or paper-insulated conduclars, in
accordance with NEN 1010 (2nd edition).

o
i+
X
3

{cross-linked polyethylene) i ‘
conductors. ylene) insulatod Art. 153").
Three- and four-core
. _ i Single-core cables?) Twin-core cables
Nominal Single-core cables* Twin-core cables Three- and four-core N;rglsr;al 9 ‘ cables
Cross — ST cabies N . T s T B —_—— o
sectional . 1 I R et R - SECUOH?I Highest Highest H|ghESl
area of Highest Highest ; area o Current nominal Current nominal | Current nominal
Current nominal Highest capper . . .
copper roli mina Current nominal Current nominal duct rating value of- rating value of rating value of
conduclor avng :fhalufe of rating value of rating value of conductor the fuse ; the fuse the fuse
e f
2 e the fuse the fus- mm? A A A A A A
mm A A A A A Al —_—ttrT 1 _ | .
1
1.5 1.5 34 as 30 25 25 20
25 32 25 30 25 25 20 2.5 50 | 50 38 35 35 35
| * 40 35 35 25
4 55 4 65 63 50 50 45 35
10 75 =0 52 50 as 35 6 82 80 65 63 57 50
6 100 63 70 63 60 = 10 110 100 90 80 76 63
16 135 i 95 80 80 63 16 145 125 120 100 100 80
100 125 100 105 8O
25 185 160 | 25 190 160 — — 130 125
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' GRAB TYPE SCREEN WITH POWERED

YYa

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 signa! 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 PL.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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FOR MEDIUM TO DEEP CHANNELS AND HEAVY
SOLIDS LOADING.

An ir)clined 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 bottorn 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.

A

GRAB TYPE SCREEN FOR MEDIUM TO DEEP
CHANNELS. '

A reciprocating grab type screen suitable for light solids
foading. 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 [imit switch.

Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.

Y-



" 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, aré ‘
above coping level.

The rotary motion of the drive is converted by 8 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 fimiting
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.

Yyvy
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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
down§tream side by rake tines which protrude through
the grlc_i. The number of rake tines can be varied to suit
the solids loading and the tines are removabile in sections
should replacement become necessary.

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

Preferred ba\' spacings are 24mm upwards

YYy
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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,

Twa 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 torgue 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 shail
be followed whenever magnetic particle examination
is specified in this Division.

{4} Article 7 of Section V shall be applied for the
detail requirements in methods and procedures. and
the zdditional requirements specified within this Ap-
pendix. i

fe) Magnetic particle examination shall be per-
formed in accordance with a written procedure certi-
fied by the Manufacturer 1o be tn 2-cordance with the
requirements of T-150 of Section V.

9110 CERTIFICATION OF COMPETENCE
OF NONDESTRUCTIVE EXAMINER

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

9:120 EVALUATION OF INDICATIONS

Indicarions will be revealed by retention of magnetic
particies. All such indications are not necessarily im-
perfections. however, since excessive surface rough-
ness, magnetic permeability variations (such as at the
edge of heat affected zones}, etc., may produce similar
indications. .

An indication is the evidence of a mechanical im-
perfection. Only indications which have any dimension
greater than %, in. shall be considered reievant.

fa) A linear indication is one having a length greater
than three times the width.

fh) A rounded indicatior 1s one of circular or ol-

YYv

liptical shape with a length equal to or less "han thres
times its wadth.

9-130 ACCEPTANCE STANDARDS

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

All surfaces 10 be examined shall be free of:

fe) relevant linear indications; )

(b} relevant rounded indications greater than *j, in.:

fe) four or more relevant rounded indications in a
line separated by ), in. or less, edge-to-edge.

9-140  REPAIR REQUIREMENTS

Unacceptable imperfections shall be removed and
recxamination made to assure complete removal
Whenever an imperfection is removed by chipping or
grindirg and subsequent tepair by welding is not re-
quired. the excavated area shall be blended into the
surrounding surface o as 1o avoid sharp notches. crev-
ices, or corners. Where welding is required after re-
movai of an imperfection, the arez shall be cleaned
and weiding performed in accordance with a qualifiez
welding procedure.

9-140.1 Treatment of Indications Believed Nonrel-
evant Any indication which is believed to be nonrei-
evant shall be regarded as an imperfection unless it is
shown by reexamnation by the same method or by
the ase of other nondestructive methods and/or by
surface conditioning that no unaceepuable imperfection
IS present.




ARTICLE 7
MAGNETIC PARTICLE EXAMINATION

T.700 INTRODUCTION

The magnetic particle examination method may be
applied to detect cracks and other discontinuities on
or near the surfaces of ferromagnetic materials. The
sensitivity is greatest for surface discontinuities and
diminishey rapidly with increasing depth of subsurface
discontinuities below the surface. Typical types of dis-
continuities that can be detected by this method are
cracks, laps, seamy, cold shuts, and laminations.

I principle, this method involves magnetizing an
arca 10 be cxamined. and applying fervomagnetic par-
ticles (the examinationy medivm) 1o the surface, The
particles will form patterns on the surface where cracks
and other discontinuities cause distortions in the nor-
mal magnetic Geld. These patterns arc wsually char-
acteristic of the type of discontinuity thar is detected.

Whichever technique is used to produce the mag-
netic flux in the part, maximum semsitivity will be to
linear discontinuities oriented perpendicular to the
lines of fux. For optimum effectivenes in detecting
ail types of discontinuities, each area should be ex-
amined at leass twice, with the iines of Sux during one
examination approaimately perpendicular to the lines
of Rux during the other,

T-110 SCOPE

When specified by the referencing Code Section. the
roagnetic particle examination techniques dexcribed in
this Article shall be used. Ta general, this Article is in
conformance with SE-709. Standard Recommended
Practice for Magnetic Particle Examination. This doc-
ument provides additionsl details 1o be considered in
the procedures used.

When thiy Articis is specifled by a referencing Code
Section. the magnetic particle method described in this
Article shall be used together with Asticle !, General
Requirsments. Deflnition of terms used in this Article

Yve

may be found in Appendix A, Glossary of Terms Used
in Nondestructive Examination, or SE-269.

T-720 GENERAL REQUIREMENTS

T-721  Procedure

Examination procedures shall be hased on the foi-
lowing informatdon:

{a} the matcrials, shapes, or sizes to be examined,
and the eatent of the examination;

{b) magnetization techniques to be nsed;

{c) equipment to be used for masnetzation;

{d) surface preparation (Rnishiog and cleaning);

fe) type of ferromagoetic particles to he used: man-
ufacturer, colar, wet or dry, ete.;

{7 magnetization currents {type and xmperage);

{z) demagnetization.

T-712  Method of Examination

Examination shall be done by the continuous
method: that is, the magnetizing current remains on
while 1he examination medium is being appiled and
while excess of the examination medium is being re-
moved.,

T-723  Techniques nmi Materials

The ferromagaetic particles used a3 an examination
medium shall be either wet or dry, and may Be either
Auorescent or nenfluorescent,

One or more of the following five magnetization
teckniques shall be used:

{a} prod technique;

(6} longimdinal magnetization technique:

(¢} circulst magnetizadon sechnique;

fd) yoke technique;
fe} multidirectional magnetization techmque.

1989 SECTION VIII — DIVISION 2

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

inated.

9.140.3 Reexamination of Repair Aress. After re-
pairs have been made, the repaired area shall be blend-
ed into the surrounding surface so as to avoid sharp
notches, crevices, or corners, and reexamined by the
magnetic particle method and by all other methods of
examination that were originaily required for thcl af
fected area, except that, when the depth of repair 1S
less than the radiographic sensitivity required, rera-
diography may be omitted.

YA



T-728

ARTICLE 7 — MAGNETIC PARTICLE EXAMINATION
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FIG. T-727 MAGNETIC PARTICLE FIELD INDICATOR

the average current output during the conduocting half
cycle only.

T-729  Demagnetization

.When residual magnetism in the part could intertere
:‘uh sulmq_ uent proceasing or usage, the pary shail he

n.ugt_lenzed sny time after completion of the ex-
amination.

T-730 CALIBRATION OF EQUIPMENT
T-731  Frequency of Calibration

_(GJ Frequency. Each piece of magnetizing equipment
with an ammeter shali be calibrated at lesst once 3
year. or Whemfver the equipmcnt has been subjected
:l; major elestric repair. periodic overhaul, ur damage,

equiptnent has mot been in use for a year or more.
calibration shail be done prior to first use.

LA

h) Procedure. The accuracy of the unit’s meter shall
be verifled annually by equipment traceabie 10 A na-
tignal standard. Comparative readings shall be taken
for at least three different curtent cutput levels encom-
passing the usable range.

(c"} Tolergnce, The unit’s meter reading thall not
deviate by more than = 10% of full scale. relative to
the actual current value as shown by the test meter.

.f«'OTE' When mtemaunng halliwave reciifled current with & direet
vurrent tesg oncter, teddings shall be multiphes by 1

T740  EXAMINATION
[.741 Direction of Magnetization

At legst twe separate examinations shall be per-
formed on each accu. During the second examination,
the lincs of magnetic flux shail be approximarely per-
pendicular to those used during the firzt examination.

.12 1989 SECTION V Lt

T.7124  Surface Preparation

(a) Satisfactory results are usually obtained when
the surfaces are i the as-welded, as-roiled. as-cast. of
as-forged conditions. However, surface preparation by
grinding or machining may be necessary where surface
irregularities could mask indications due ta discenti-
nuities.

(8) Prior to magpetic particle examinatiam, the sur-
face to be examined and all adjacent areas within at
leaat 1 in. shall be dry and free of all dirt, grease, lint.
scale, welding Bux and spatter, oil, or other extranegus
matter that could interfere with 1he examination.

(e} Cleaning may be sccomplished using detergents,
orgunic soivents, descaling solutions, paint removers,
vapor degreasing, sand or grit blasting, or ultrasonic
cleaning methods,

¢d) If cratings are left on the pant in the arca being
examined, it must be demonstrated that indications
can be detected through the maximum coating thick-
ness applied

NOTE: Refer to T-110 for guidanes for demonstration of the ypecial
procedurestechaique.

T.725  Magnetization

A guitable and appropriate means for producing the
necessary magnetic fux in the part shall be employed,
using one or more of the techaiques listed in T-722
and described in T-740.

T.726 Erzamioation Medium

The fnely divided ferromagnetic particles used for
the examination shall meet the following requirements.

(a) Dry Particles I dry particles are used, the color
of the particles (dry powder) shall provide adequate
comtrast with the surface being examined. Additional
apecifie requirements on the use of dry particles are
given in SE-709, Standard Recommended Practice for
Magnetic Particle Esamination. Magnetic particles ex-
armination shall not be performed if the surface tem-
perature of the part exgeeds 600F.

(b} Wer Particles. If wet particles arc used, the color
of the partictes shail provide adequats contrast with
the surface being cxamined. The particles shall be sus-
penced in a suitable liquid medium iz the concentra-
tion recommended in SE-709, Standard Recommended
Practice [or Magnetic Particle Examipation. which
contins additional specific requirements on the use of
wet particles. The tempersture of the wet particle sus-
pension and the surface of the part shail not exceed
|35"F.

{e) Fluorescent FParticles With fluorescent particles
\he examination is performed using an ultraviclet Lighe,
calted black light. The examination shall be performed

as follows.
{1} 1t shall be performed a2 Jdwrkened ares.

(2) The examiner shall be in the darkened arca
for at least 3 min prior to performing the examination
to enable his eyes to adapt to dark viewing. If the
examinet wears glasses or lenscy, they shall not be
photosensitive.

1) The black light shall be allowed 1o warm up
for a minimum of $ min prior to use Or measuceoent
of the intensity of the ultraviolet light eritted.

(4} The biack light intensity shall be measured
with & black light meter. A minimum of 300 pW/em?
on the surface of the part being examned shail be
required. The black lght iptensity shall be mesared
at least once every 8 hr, aod whenever tha wotk station
is changed.

1777 Maguetisiog Fleld Adeauscy and Direction

T-727.1 When it is necessary to verify {he sdequacy
or direction of the magnetizing ficld, the magaetic par.
ticle feld indicator described in Fig 1. LaTckball he
used by positioning the indicator on the surface.t0 be.
eanmined.

When uting this indicator, & sustable Bux ar Seid
strengh i3 indicated when a clearly defined Hne of
magnetic pasticles forms acTms the conper face of the
indicator when the magaetic particlet are applicd si-
multanecusly with the magnetizing force.

When & clearly defined line of particles is nofformed,
or is oot formed.in the desired direction, the magnaet-
izing technique shall be changed or adjusted.

T.727.2 The maguetic particle feld indicator is only
permmstted for determining fisld adequacy when ypecifi-
cally referenced by the magnetizing technique in T-
744 2c),  T-744.2(d), T-147.2, T-245.1(%), T-
234.1(0)(6), T-T43.2(a), and T-T45.2(b).

T.728  Rectified Current

(a) Whencver direct current is required rectified cus-
rent may be used The rectifled current for magneti-
zation shail be either three-phase {full-wave rectified)
current, or singlie phase Chail-wave rectified) current.

(b} The amperage required with three-phase, full-
wave rectified cusent shall be verified by measuring
the average current.

{c/ The amperage required with single-phase (bail-
wave rectified) current shail be verified by measuring

Ye-
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T-71% ARTICLE 7 -- MAGNETIC PARTICLE EXCAMINATION

T-785  Clreular Magnetization [echaique

T-745.1 Direct Contact Technique

{a) Magaenzing Frecedure. For this techniyue, mag-
netization is accomplished by passing curreat thrnueh
the part to be examined. This preduces a circular mag:
netic field that is approximately perpendicular [o the
direction of current flow in the part.

(6) Magnetizing Current Direct or rectified (half-
wave rectified or full-wave rectified) magnenzing cur-
rent shall be used. The required current shail be de-
termined using the following guidciines:

f1) for party with outer diameters up te § in. —
700 amp/in. to 900 ampyin. of diameter shall be uzed:

{2) for parts with outer diameters over 3 1. up
ta 10 in. — 3500 amp/in. to 700 ampvin. of diameter
shall be used:

{3) for parts with outer diameters over 10 in. up
to 1§ in. — 100 amp/in. to 500 amp/in. of diameter
shail be used:

(4) for parts with outer diameters over 15 in. —
100 amp/in. to 120 amp/in. of outer diameters shall
be used;

(5) for parts with geometric shapey uther than
round. the greatest crass-sectional diagonal in a plane
at right angies to the current flow shail determine the
inches 1o be used in the above computations;

{4) If the current levels required for {b)(3} and
(4) above cannot be obtained. the maxinum current
obtainable shall be used and the ficld adequacy shaii
be demonstrated by using the magnetic particle field
indicator per T-727. For noncylindrical parts and when
examining large party by clamping contacts to the wall
thickness, field adequacy shail be demonstrated by us-
ing the mognetic particle field indicator per T-727.

T-7452 Central Conductor Technique

{#) Magnetizing Procedure. For rthis techmique, u
central vonductor is used 10 examine the intsrnal sur-
faces of ring ot cylindrically shaped parts. [he central
conductor technique may also be used [or examimng
the outside surfaces of these shapes, Where large di-
ameter cylinders are 10 be examined, the vonductor
shail be pesitioned clote to the internal surace of the
cylinder. When the conductor is not ventered. the wr-
cumference of the cylinder shull be examined in n-
crements and 3 magnet:c particle field indicator, ap-
plied in accordance with T-727, shall be used 10
determine the eatent of the arc that may be eaxsmincd
far each comductor pomtion. Pars, or cables passed
through the boge af 2 cylinder, may be used ta induge
circular magnetization.

b) Magnenzing Current. The field strength required
shail be equal to that determiaed in T.745.1{B) Tor 4
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single-turn central conduvtor. The magneuc tietd wiil
increase in proporuon 1o the sumoer of times the cen-
tral cenductor cabie passes through a hollew part. Far
example, f 6000 amp are required (o examine a part
using a single central conducter. 1000 amp are required
when 1 tums of the througn cable are used; and 1200
amp are required it 3 lurms are used. When the ceniral
conductar technigue is used, magnetic field adequacy
chall be verified using @ magnetc pastcle feld indi-
cated in sccordance with T-727 (see Fig. T-745.2).

T1-546  Yoke Technique

T-746.1 Applleation. This method shall only be ap-
plied to detect discomtinuitics that are apen o Lhe
surface of the part.

T-746.2 Magnetizing Procedure. For this technique
alternating or direct current electromagnetic yokes, ot
permanent magnet yokes, shall be used.

NOTE: Except for materisla % in ve low in thicknesa alternating

curront yokes arg superior 1o direct or permancol mpn_ynus )
squai lifting power far the detecticn of sueface discontinuities.

T-746.3 Lifting Power of Yokes

{a) The magnetizing force of yokes shai} be checked
st least once a year, or whenever 3 yoke has been
damaged. If a yoke has not been in uso for a year or
more. a check shail be done prior to fint use.

(b) Each sltemnating surrent electromagnetic yoke
sholl have 3 lifting power of at least 1 1b a1 the max-
ymu pole spacing that will be used.

fe) Each direct curtent or permancnt magaetic yoke
shail have o lifling power of at least 40 [b at the max-
imum pole spucing that will be used.

(d) Each weight shall be weighed with a scale from
a reputable manufacturer and stenciied with the ap-
plicable nominal weight prior Lo Amt use. A weighl
need only be verified again if Jamaged in & manner
tjiat could have caused potential loss of material.

T.747  Multidircetional Magnerizadon Techrique

T.747.1 Magnetizing Procedure. For this technique
maygnctization 13 accumplished by high amperage pow-
cr packs operuting as many a3 three cirouitd that are
energized one at 3 LME in rapid succeasion. [he effect
of these rapdly alternating magnetiZing currents is 10
produce an overall magnetizauon of the part in mul-
tiple direcuons. Circuar or longitudinal magneuc
fields may be generated n any combination vsing the
various tecliniques descnibed 1 T-744 and T-743.

T.741 1969 SECTION V

A different technique for magnetization may be used
for the second examination.

T-742  Examinaticn Coverage

All examinations shall be conducted with sufficient
overlap to assure 1009 coverage at the required sen-
sitiviey (T-727)

T-743  Prod Technique

T-143.1 Magnetizing Procedure, For the prod tech-
gique. magnetization is accomplished by portable prod
type slectrical contacts pressed against the surface n
the area to be examined. To avoid arcing, a remote
control switch, which may be built into the prod han-
dles, shall be provided to permit the current to be
turned on after the prods have been propetly paosi-
tioned.

T-743.2 Magnetizing Current. Direct or rectified
magnetizing current shall be used. The current shall
be 100 (minimum) smpsin. to (25 {maximum) amp/
in. of prod spacing for sections % in. thick oz greater.
For sections less than % in. thick. the current shall be
90 amp/in, to 110 amp/in. of prod spacing.

T-743.3 Prod Spacing, Prod spacing shall not exceed
4 in. Shorter spacing may be used L0 accommaodate the
geometric limitations of the area being examined or Lo
increase the sensitivity, but prod spacings of less than
3 in. are usuaily not practical due to handing of the
particies around the prods. The prod tips shall be kept
clean snd dressed. I 1he open circwit voltage of the
magnetizing current source is greater than 25V, lead.
stesl, or aluminum (rather than copper) tipped prods
are recommended t0 avoid copper depositt on the part
being examined.

T.744  Longitudinal Magnetization Technique

‘T-744.1 Maguetizing Procedure. For this technique.
magnetization is accomplished by passing curreat
through a multi-turn fixed coil (or cabies) that is
wrapped around the part or section uof the purt to be
examined, This produces a fongirudinal magnetic feld
parallel to the axis of the coul.

If a fixed. prewound coil is uscd the part shall he
placed near the side of the cail dunng inspection. This
is of speciai importance when the coil upening is mere
than 10 times the cruss-sectional area ot the part.

T-744.1 Magnetic Field Strength. Direct or rectified
current shall be used 10 magnerize parts examined by

T-744.3

this technique. The required fleld sureng:h shail be
calculuted based on the iength L and the diameter J
of the part in accordance with {a}, (b). or ad established
in {c). below. Long paris shail be examined in sections
aut to exceed 18 in., und 18 in. shall be used for tne
part L in calcuiating the reguircd field strength. For
aoneylindnical parts, 2 shall be the maximum cross-
secuonal diagonsl.

{a) Parts With L/D Rutios Equal 10 or Greater Than
4. The magnetizing current shall be within = 10% of
the ampere-tums’ value determined s follows:

Am tLri 32,000
efe: B r———
i (LD +2

For example, a part 10 in. [ong X 2 in. diameter has
an L/D ratio of 5. Therefore,

%{% = 8000 ampere-tumy

(bi Parts With L/D Ratios Less Than & bus Nor Less
Than 2. The magnetizing ampete-iurns shall be within
+ |0% of the ampere-turns’ value determined a3 fot-

lows:

43,000
LD

Ampere-{ums =

{c} T the area to be magnetized extends bevond 6
in. on either side of the coils, fleld adequacy shall he
demnonstrated using the magnetic field indicator per T-
727.

{d) For large parts due to size and shape, the mag:
netizing current shall be 1200 ampere-turns 10 4500
ampere-turns. The ficld adequacy shall be demonstrat-
ed using the magnetic field indicator per T-727.

T-744.3 Magnetizing Caurcent, The current regyuired
to obtain the necessary magnetizing ficld strength shall
I determined by dividiog the ampere-turny obtained
in steps 1) or (b} above by the number of wens in the
coil a3 lollows:

smpere-{ums
—

Amgeres (meter reading) =
peres ( ¥ turna

Fuor example, if 4 3-turn coil is used and the ampere-
urns required are 3000, use

000
5

= 1000 unperes ( = {0%)

YEY



ARTICLE 9-2
LIQUID PENETRANT EXAMINATION

9.200 SCOPE

fa; This Anicle deseribes methods which shall be
emploved whenever liguid penetrant examinauon is
specified in this Division.

fb) Arucle 6 of Section V shall be applied for detai
requirements in  methods, procedures and  qual-
ificanicns. unless specified withun this Artele.

fes Liquid penetrant examinatien shall be performed
in accordance with a written procedure cerufied by the
Manufacturer to be in aczordance with the require-
ments of T-15C of Section V.

9-210 CERTIFICATION OF COMPETENCE
OF NONDESTRUCTIVE EXAMINER

Personnel conducting the liqud penetrant exami-
nation shall be qualified in accordance with Al-311.

9-220 EVALUATION OF INDICATIONS

An indication i the evidence of a mechanical im-
perfection. Only indications with major dimensions
greater than %, in. shall be considered relevant.

fa) A linear indication is one having a length greater
than three tmes the width,

(6} A rounded indication is one of circular or el-
lipucal shape with the length equal w or less than
three nmes the width.

fc! Any questionabie or doubtful indicauans shall
be reexamined to determune whether or not they are
relevant.

9-230 ACCEPTANCE STANDARDS

These acceprance standards shali apply uniess ather
more restrictive standards are specified for specific ma-
terals or appiicatons within this Division.

All surfaces te be sxamined shall be free of:

fas reievant linear indications:

Yto

b reievant rounded indizatons greater than . .,
¢! four or more relevant rounded indicatons i a
line separated by 'i, in. or less (edze-to-cage)

9-240 REPAIR REQUIREMENTS

Unacceptable imperfections shail be removed and
resxammanon made o assure complete removal
Whenever an imperfection 15 removed by chipping or
grinding and subsequent repair by welding 15 not re-
quired. the excavated area shall be biended into the
surrounding surface so as to avoid sharp notches. crev-
ices. or corners. Where welding is reguired after re-
moval of an imperfection. the area shail be cleaned
and welding performed in accordance with a qualified
welding procedure.

9-230.1 Treatment of Indications Believed Nonrel-
evant. Anv indication which is believed to be nonral-
evant shall be regarded as an imperfection unless it 1s
shown by reexamunaticn by the same method or by
the use of other nondestructive methods and/or by
surface conditioning that nc unacceptable imperfection
is present,

9.240.2 Examination of Areas From Which Imper--

fections Have Been Removed. After an imperiection
15 thought 1o have heen removed and pnor to making
weld repairs, the area shail be examined by suntable
methods te assure the imperfecton has been e¢hm-
inated.

$-240.3 Reexamination of Repair Areas. After re-
pairs have been made, the repaired area shall be blend-
ed inro the surrounding surface so as 1o avowd sharp
notches, crevices. of corners and resxamined by the

liqud penetrant method and by all other methods of

examunanen that were orginally required for the af-
fected area. excepr that. when the depth of repair s
less than the radiographic sensimivity required. rera-
dipgraphy may be omutted.

T.747.2 1969 SECTION V T-761

Single-Tum
Cuntrei Canduetor
Tachmque

Twa.Turn
Centrai Condueter
Techniaus

FIG, T-745.2 SINGLE-TURN AND TWO.TURN CENTRAL CONOUWCTCGR TECHNIQUE

T-747.2 Magpetic Fleld Strength. Only three phase.
full-wave rectified current shall be used to magnetize
the part. The initial magnetizing current requirements
for each circuit shall bz estabiished 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 3 magnetic particle fleld
indicator shall be used to verify that an adequate field
is obtained in at least two nearly perpendicular direc-
tions. For areas where adequate fleld strengths cannot
be demonstrated, additional magnetic particle tech-
niques shall be used to obtain the required ewo direc-
tional coverage.

T-750 EVALUATION

{a) All indications shall be evaluated in terms of the
acceptance standards of the referencing Code Section.
th) Discontinuities en or near the surface are indi-
cated by rerention of the examination medium. How-
ever, localized surface irtegularities due to machining

marks or other surface conditions may produce false
indicationa.

fe) Broad areas of puricle accumulation which
might mask indications from discontinuities are pro-
hibited, and such areas shall be cleaned and reexam-
ined.

T-760 REPORTS

T-761  Multidirectional Megnetization Technique
Sketch

A techaique sketch shall be prepared for each dif-
fecent geometry examined, showing the part geometcy,
cable arrangement and connectiony. magnetiziag cur-
vent for each circuit, and the areas of examination
where adequate feid strengihs are obtained. Parts with
repetitive geometries, but different dimensions, may be
examined using a single sketch provided that the mag-
aetic field strength is adequate when demonstrated in
accardance with T-747.2

Vit
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(e} for any change in part processing that can close
surface openinga of discontinutics or leave interfering
deposits, such as the use of grit blast ¢leaning or acid
tezatments.

T-632 Techniques

Either a color contrast (visible) penetrant or a Quo-
rescent penetrant shall be used with one of the following
three penctrant processes:

(a} water washable

) post-emilsifying

c) solvent removable

The visible and fluonsscent penctrants used in combi-
nztion with these three peatrant procesyes resuit in six
liquid penetzant techniques.
T4613  Peacumnt Materisls

The term penerrant materials, as used in this Article,
in intended to include all penetrants, solvents or clean-
ing agents, developers, etc., used in the examination
process.
T4624  Techaique Restrictions

Fluorucfm penetrant examination shall not follow
a color conirast penetraot examination. Intermixing of
penstrant materials from different families or different
manufacturers is not permitted. A retest with water
weabable penetrants may cause loss of marginal indica-
tions due to contamination.
T-613  Control of Contamingnty

The user of this Article shail obuain certification of
contaminant content for ail liquid peretrant matenals
used on gickel base alloys, sustenitic stainless stezls,
and titaniam, These certifications shall include the pen-
strant manufacturery’ batch numbers and the test re-
sults obtained ia accordance with (a) and (b) below.
These cecords shall be maintained as requircd by the
referencing Code Section.

{a) When examining nickel base allovs, all materials
shall be analyzed individually for sulphur content 1s
follow,

(1) An individual wmple of 1he penetrant mate-
riale with exception of cleaners shall be prepared for
analysis by heating 50 g of the materiaf 1o 2 170 mm
nominal dimmeter giass Petrt dish at a temperature of
[94F to 212°F for 60 min.

YEV
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PRECAUTION: Provide adoyuate vesnlation w dissipats the emils
ted vapor

{2) Analysis of the residue shall be as fotlows: [T
the restdue iz lesa than 00023 g, the malerial is ac-
ceptable without further analysis. [I the residue is
Q.0023 g or more, the procedure shown in (2)(1) above
shall be repeated and the residue analyzed in accor-
donce with ASTM D 129 or ASTM D 1352 Alter-
nately, the material may be decompaosed in accardance
with ASTM D 129 and snalyzed in accordance with
ASTM D 316 Method B. The sulphur content shall
not excesd (% of the residue by weighe.

(3} An individual sample of cleaner/remover ma-
terial shall be prepared for analysia by headng 100 g
of the material in & 150 mumn gominal diameter glasa
Petri dish at a temperature of [94°F to 212°F for &0
min.

PRECAUTION: Provide sdaquate ventilation 10 dusionte the exit.
od vapor.

f4) Analysis of the revidue shall be ax follows: If
the residue is less than 0.005 g the matensho ac-
ceptable withqut further analysis, Il the rexidue is 0.003
§ or more, the procedure showp 1 (a)(}) sbove shall
be repeated and the residue apalyred Tr=wocordance
with ASTM D 129 or ASTM D 1332 Altemnately the
material may be decomposed in accordsace with D
129 and snalyzed in accopdance with ASTM D16
Method B. The sulphur content shall not excesd 1%
of the residue by wright,

{b) Whea examining sustenitic stainless steel or G-
tarium, all materials shall be analyzed individually for
chlorine and fluorine content as follows.

(1) An individual sample of the penetrant mate-
rials wth the exception of cleaners shall be prepared
for anaiysis by healing 50 g of the material in a |27
mm nominal diameter glass Petri dish at a temperatice
of 194°F to 212°F Tor 60 mun.

FRECAUTION. Provide sdequsis ventlation tp dissipace the omt-
ted yapar.

2] Analysis of the rendue shall be as follows: [f
the reudue 19 less than 0.0025 g, the material is ac-
ceplable without further analysis. If the residue is
0.002% g or more, the procedure shown in (s} 1) abave
shall be repeaied and the remdue analyzed la accor-
duance sach ASTM D 308 or SE-165 Annex 2 for chlo-
nne and SE-163 Annex ) for fluonoe. The chlonne
plus Huonoe content shail agt excesd 1% of the raiduc
Sy weight. .

(3} Anndjvidual sample of the cleaner/remaover
material shall be prepared for analysia by beating 100
g of the :naterial in 4 120 mm nominal diameer glasa

raY-1o

ARTICLE 6
LIQUID PENETRANT EXAMINATION

T-600 INTRODUCTION

The liquid penetrant examination method is an ef-
fective means for detecting discondinuities which are
open to the surface of nonporous metals and othq
materials, Typical discontinuities detectable by this
method are cracks, seams, laps, cold shuts, lamina-
tions, and porosity. _

In principle. 3 liquid pecetrant i3 npplird‘to the
anrface to pe examined and allowed to eater disconn-
nuities, All excess penetrant is then removed, the part
ia dried, and a developer is applied. The developer
functions both a3 a blotter to sheorb penctrant that
has been trapped in discontinuicies. and as a contrast-
ing background to ephance the visibility of penetrant
indications. The dyes in penerrants are either eolor
contrast {visidle under whyte light) or fluorescent (vis-
ible under ultraviolet light).

-9t SCOPE

When specifted by the referencing Code Section. thc
liquid penetrunt examination techniques described i
this Article shail be used. The fellowing listed SE Stag-
dards provide details which may be considered 1 the
specide procedures uscd: _

fa) SE-16%, Standard Practics for Liquid Penetrant
Inspection Method

() SE-170%. Standard Test Method for Fluorsscent
Penetrant Examinanon Using the Water Washable

Process

fe) SE-1219, Standard Test Method for Fluorescent
Penetrant Examunation Using the Solvent Removabie
Procesa

(@) SE-1220. Standard Tent Method for Yisible Pen-
etrant Examination Using the Solvent Removable
Process

When this Article is specified by a referencing Code
Section, the liquid penetrant method descnibed in this
Article shall be used together »ith Asticle L, General

Requiremsents. Definitions of terms used in this Article
may be found in Appendix A, Glossary of Terms Used
in Nondeatructive Examination, of in SE-270,

T£10 GENERAL REQUIREMENTS
T.521 Procedure

T-621,1 Initlal Procedure. Liquid pemetrant exam-
{naticn shall be performed in accordance with & pro-
cedure. Such & procedute shail consider at lsast the
folluwing information:

fa) the materinls, shapes, o 3izes 10 be examuned.
and the extent of the examination; ) .

(b} ‘ype {number or letter designation if l‘.\'llll-bll)
of each penetrant, penetrant remover, emulsifier; and

developer; ) .

3 ol
rocessing detnils for pre
-n(:}.d'g,nn._ e haardinng Use wlomnling swhicrotd uscd a0

minizum time allowed for drying;

{d) processing details for applying the pm:}nnt: the
length of time that the penetrant will remain on the
surface (dwell time), and the temperature of the surface
and penetrant dunng the examination if outside 60°F
to 125°F range;

(e} processing details for removing cxcesy penetrant
from the surface, and for drying the surface before
applving the developer; .

() processing detmis for applying the devel_opcr.
and length of developing tme before lnt;rpnuno!::

fg) processing detmis for post-examination cleaning.

T-621.2 Procedure Revision. A revised procedure

wiay be required: . )
fa) whenever a change or subsutution i3 qlldc_m
the type or farmly group of peneurant ga:cmls (in-
cluding deveiopen, emulsifiers. etc.) or ia the proc-
esung techmgues: o )
¢4) whenever a change or substitution o made in
the type of preclezning materials or procowcy

Ye
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T-644.3

until most traces of penetrant have been removed. The
remaining traces shail be removed by lighsly wiping the
surface wath cloth or abscrbent paper moistened with
solvent. Ta minimtze removal of penctrant rom dis-
continuities, care shall be taken 10 avoid the use of
excess 3olvent. Flushiog the surface with solvent, fol-
lowing the application of the penetrant and prier to
developing, s prohibited,

T-645  Drying After Excess Penetrant Removal

{a) For the water washable or poat cmulsefying tech-
nique, the surfaces may be dried by blotting with cleap
matenals or by using circulating air, pravided the tem-
perature of the surface is not nited above 125°F.

%) For the solvent removable technique, the surfac-
&3 may be dried by normal evaporation, bletting, wip-
ing, or forced air.

T-645  Dereloping

The developer shall be applied a1 socn as possible
after peaetrant removal; the tme interval shall not ex-
Fmd that =stablished in the procedure. Insufficient coat-
ing thickness may oot draw the penetrant out of discon-
inuittes; conversely, excessive coating thickness may
mask indications.

With color contrast penetrants, only a wet developer
shall be used. With Quorescent penetrants, a wet ot dry
developer may be used.

T-646,1 Dry Developer Applicadon. Dry developer
shail be applied only to & dry surface by a soft brush,
hand powder bulb, powder gun, or ather means, pro-
vided the powder is dusted evenly aver the entire sur-
face being examined.

T-646.3 Wet Derveloper Application. Prior to
applying suspension type wet developer to the surface,
the developer must be thoroughly agitated o easure
sdequate dispersion of suspended particles.

(a) Aquecus Developer Appiication. Aqucous devel-
oper tnay be applied to cither & wet or dry surface. It
shall be applied by dippiag, brushing, spraying, or other

means, provided 2 thin coating is obtained aver the -

entire susface being eaamined. Drying time may be
decreased by using wartm air, provided the surface tem-
perature of the part is not raised above [25°F. Blotting
is not permitted.

{6} Nonaqueows Developer Applicarion. Nonaqueous
developer shall be applied oniy to & dry yurface. It shall
be applied by spraying. sxcept where safety or reatricted
access preclude it. Under such conditions, developer

Yia
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T-647.4

may be applied by brushing. Drying shall be by nermal
evaporation.
T-646.3 Developing time for final imerpretation be-

gins immediately aiter the 2pplication of & dry develop-
er or as s00n 41 2 wet developer coating is dry-

T-647  Interpretation

T-647.1 Fizai Interpratstion. Final interpretation’

shall be made within 7 ta 30 min after the requirements
of T-646.3 are satisfied, If blecd-out docs not alter the
examinstion reults, longer periods wre permitted. I
the surface to be examined Is large enough 1o preclude
complete examination within the prescribed or estab-
lished time, the examination shall be performed in in-
crements.

T-647.21 Characterizing Indicationts). The type of
discontinuitien aee difficult (o evaluate if the penetrant
diffuses exceasively inta the developer. If this condition
occurs, close observation of the formadon of Indica.
tions during application of the developer may assut
in characterizing mod determining the extent.ol the
indications(s).

T-641.3 Color Contrast Peoctrants. With a calor
contrast penetrant, the developer forms a reasonably
uniform while costing. Surface discontinuitles are indi-
cated by bleed-out of the penstrant which s normally
a deep red color that stains the developer, Indications
with a light pink color may indicate excouive cleaning.
Inadequate cleaning may leave an axcessive back-
ground making interpretation dificult. Adequate illu-
mination is required to ensure zdequate sepubvaty dur-
ing the examination and cvaluation of indicanops.

T-647.4 Fluorcscest Penetrants. With Auorescent
penetrants, the process iy eysentistly the same a3 in

. T-647.3, with the caception that the czagunation is

performed using an witraviolet light, called black light.
The cangiination shall be performed a3 foliows.

(a) It shall be performed in a darkened asea.

{8} The examiner shail be in the darkened area for
at least § min prior to performing the examination to
enable his eyea 1o adapt 10 dark viewing, If the examiner
wears glasses or lenses, they shall not be photoscnsitive.

fe} The black light ahall be eilowed to warm up for
a minimum of § min prior to use or mesaurement of
\be intenaity of the ultraviolet Light emitted.

(d} The dlack Hight intenaity shall be messured with
a biack light meter. A minimus of 800 pW/em’ oa
(he surface of the part being examined shall be required.
The black light intensity shall be measured a2 fomt cace
cvery 8§ br. and whenever the work atation i changed.
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Petri dish at a temperature of 194°F to 212°F for 40
min.

PRECAUTION: Provide sdequate ventuatlon 12 dirsipate the emit-
ted vapor. .
{4) Analysis of the resduc shall be as follows: 1f
the residue is less than 0.003 g, the materal i3 ac-
cepiable without further analysis. If the resdue 35 0.005
g or more, the procedure siown in (3)(3) above shall”
be repeated and the remdue analyzed in accordance

-with ASTM D 303 or SE-165 Annex 1 for chiorine

and SE-165 Annex 3 for fluorine. The chlorine plus
fucrine content shall not exceed 1% of tbe residue by

weight.

T.626  Surface Preparation

(a) In geoeral satisfactory results may be obtained
when the surface of the part ia in the as-welded, as-
rolled, as-cast, or as-forged condition. Surface prepara-
tion by grinding, machining, or other methods may
be osceasary where surface irregularites could mask
indications of unacceptable. discontinuities.

CAUTION: Conditioning of surfases prior 19 etaminatico can ndect
Ihe reaalos Sea Article 24, SE-163, Annea 1, far genernl precautiond
telative 10 surface conditioning. ‘

b} Prior to eich liquid penetrant examination, the
surface 10 be examined and all adjscent dreas within at
Jeast | in. shall be dry and free of ail dirt, grease. lint,
scale, welding Aux, weld spatter, paint, oil, and other
extranecus matter that could obscure surface openings
of otherwiso interfere with the examination.

fc} Typical cleaning agents which may be osed are
detergents, organic solvents, descaling sclutions, and
paint removers. Degreasing and ultrasonic cleaning
methods may also be used.

{d} Cleaning solvents shall meet the requirements of
T.625. The cleaning method employed 19 an imporiant
part of the examinatios process.

T427 Drying After Preparation

After cleaning, drying of the surfacey 10 be examined
¢hail be accomplisbed by nermal evaporanon of =nth
foreed hot or cold air. A minimum penod of time shall
be sutablished to ensure that the cleaming wiution fas
evaporated prior ta application of the penetrant.

E § — LIQUID PENETRANT EXAMINATION

EXAMINATION
Techaiques for Standard Tem|

T-640
T-641

As a standard technigue, the tempenatt
etrant and the surface of the part 1d be p
ngt be below &F'F nor above 125°F
examination period. Local heating or 00
ted pravided the part temperature remais

" of 60°F ta 123°F during the examination.

practicsl to comply with these temperatu
ather temperatures and times may beu
the procedures are qualified as specifled

. 1'641,,“ :l’ll‘tl:l!.‘ut. Appiluuon

he sonljsd by snvy

The nedalran) pns
P mey D IPF

such as dipping, brushing, or spraying. Ii
is applied by spraying using comprosed:
catus, Alters shall be piaced on the upats
the sir inlet to preciude contamination o
by oil, water, dirt, or sediment that mav

in the lines.

1643  Penetrstion Time
Penetration Hme is cricical. The min

tion time shall be as recommended [n
referenesd in T-610 or as qualified by
for specifie applications.

T-644 Eicess Penetrant Hemoval

ARer the specified penctration Hme h
penetrant remaining on the surface she
taking care 10 minimize removal of |
discontinuitics.

T-644,]1 Water Washable Penetant
washable pepetrant shall be removed
spray. The water pressure shall not exc
the water temperature shall sot exceed

T-544.2 Post-Emulsifying Penetran
emulsifying penetrants, the emulyfier ¢
by spraying or dipping. Emulsificaten
and governed by jurface roughneas and
sinyities sought. It shall not exceed St
nmes have been qualified by actual teat
feation. the mixture shxll be remaved
uwing the same processes ad for water
trants.

T.634.3 Salvent Remorable Pepetiv
vent removable penetrancs aball be rea
with a cloth or absarbent papel. repeati
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1989 SECTION V

{2} The identical photographic techniques shall be
used t0 make the comparison photographs.

T-650 EVALUATION

fa} Allindications shall be evaiuated in terms of the
acceptance standards of the referencing Code Section,

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

{c} Brood arcas of fluorescence or pigmentation
which could mask indications of discontinuitics are
unacceptable, and such areas shall be cleaned and reex-

amined.

ASQ
AS0

AS0

Aso

A%0

T-648 ARTICLE § — LIQUID PENETRANT EXAMINATION

T-648  Procedure for Nonstandard Temperutures

T-648.1 General. When it is not practical to conduct
a liquid penetrant examination within the temperature
range of 60T to [25°F, the examination procedure at
the proposed lower or higher temperature range re-
quires qualification. This sbail require the use of a
quench cracked aluminum block, which in thiy Articie
is designated 31 a liquid penctrant comparator block.

T-648.2 Liquid Penctrant Comparator. The lquid
penetrant cornparator blocks shall be made of alumi-
aum, ASTM B 209, Type 2024 or $B-211, Type 2024,

" ¥ in. thick, and should have approximate face dimen-

sions of 2 in. X 3 in. At the center of each face, an area
approximately 1 in. in diameter shail be marked with
a 350F temperature-indicating crayon or paint. The
marked ares shefl be heated with a blowtorch, a Bunsen
bumer, or similar device to a temperature between
950'F and 975°F. The specimen shail then be immedi-
ataly quenched in cold water which produces g network
of fine cracks on each face. )

The block shall then be dried by beating to wpproxi-
mately I00F. After cooling, the block shall be cut in
half. One-half of the specimen shail be designated block
“A'" and the other block "B for identification in subse-
quent processing. Figure T-648.2 illustrates the compa-
rator blocks A and “B." Aa an alternate to cutting
the block in half to tnake blocks A" and “B,” separate
blocks 2 in. X 3 in. can be made vaing the heating 2nd
gquenching technique as described above. Two compa-
ratar blocks with closely matched crack patterns may
be used, The biocks shall be marked “A' and "B."

T-548.3 Comparstor Application

fa} it is desired to qualify a liquid penetrant exami-
nation procedure at & teraperature of less than 60°F,
the proposed procedure shall be applied 1o block “B”
after the block and all materials bave been cooled and
held at the proposed examination temperature until the
companison is completed. A standard procedure which
has previously been derponstrated as suitsble for use
shall be applied to block “A" in the 60°F to 125°F
temperature range. The indications of cracks shall be
compared between blocka “A™ and “B.” If the indica-
tions obtained under the proposed conditions on block
“B" are sssentially the same as obtained on block “A™
during examination st 60FF to 125F, the proposed pro-
cedure shall be considered qualified for use.

fb} 1f the proposed temperature for the czamination
is above [25°F, block “B* sball be held at this tempera-
tare throughout the examination. The indicationa of
cracks shall be compared aa described in T-643.3{a)

T5433

liaw

| o]

Jin,
L-Lmin.-—i-mnm.--
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FIG. T-648.2 LIGUID PENETRANT COMPARATOR
{NOTE: Dlmensians given are for guidance only
and are not critical.)

whije block “B” is at the proposed temperature and
block “A” ia at the 60°F to 125°F temperature ringe.

{c) A procedure qualified at & temperaturs lower
than 60F shall be qualified from that temperature to
&F.

{d} To qualify a procedure for temperatures above
125°F, the upper and lower temperzture limats shall be
aublished and the procedurz qualified at these teanper-
atures.

(e} Asan siternate to the requirements of T-643.3(a)
and T-648.3(b) when using color contrast peneirants,
it is permissible to use a single comparator bloek for

the standard and nonstandard temperatures saod to.

make the comparison by photography.

(1) When the single comparator block agd photo-
grophic technique is used. the processing detaids (s
applicable) described in T-648.3(a) and T-648.3(b)
apply. The block shall be thoroughly gleaned between
the two processing ateps. Photographs shall be taken
after processing at the nonztandard temperuture and
then afier processing at the standard temperature. The
indication of cracks shall be compared berween the two
photographs. The same criteris for quaiification as T-
648.3(a) shall apply. >
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Compression Table on Aerators

(1)~ Table for various acrators

-

No restriction on ihe shape of
tank
Goad for flocculation

Imitial cost is a liule high

Acralor Features of Equipment Merit Demerit Application
Big bubble type | * Bubbles generated are big « Low Cost + Low efficiency of Oz transfer = Small scaie treatment plant
= Mo cloggings (High cos: of power) (lTor labour saving)
» Low maintenance cost ¢« Turbulent fMlow breaks Nocs
» Eaxy mainicnance
+ Blower can be insialled far away
(renm the aerators
. (Less pressure loss)
Fine bubble type | = Bubbles gencrated are small + High efficiency of O2 ransler « Air cleaner may be needed 10 » Large scale treatment plant
{Low cost of power) prevent cloggings on the
« Easy mainicnance aeralons
* Turbulent flow breaks flocs
Ultrafine bubble | « Bubbles pencrated are smaller than that | + Efficiency of Oz wransfer is much | « Air cleaner may be needed to * Treayment piant 10 reduce encrgy
type of fine bubble 1ype betier prevent clogging cosl

.
Beiter reatment
Treatment plant thal requires
high niirification

Vertical shaft
agitalor type

There are two types of float type and

fixed type '

There are lurbine \ype and propeller type

-

.

Low cost
High cffiieney of Oz wransfer
Effective mixing

Mainicnance is not casy, il
aumbers of unil are many
Insufficient nitrification

Not suited for cold area
Turtutlent flow breaks flocs
Distribution of DO in ihe tank
is nol even

Treat plant that does net reguire
nitrification

Treatment plant located in bet
arca

Acrating lagoon

Horizontal shaft
drive type

+ There are two types of puddle type and

Waves caused by rotation of acrater
transfer O2 .
(oniy for shallow tanks)

TOtoT type

High ciluiency of 02 wransfer
Low price
Low maintenance cost

LI I ]

Limitation of tank shape
Nk suited for cold area
[nsulficient in pitrification
Turbulent flow breaks Noes

Oxidation dilch

Combination wype

Afr is injected from spurjaring and
simulianeousty agitated by wrbine

propellers equipped in the water

Good mixing

Efficiency of Oz ransfer is
ordinary

Supply of air is largely
adjustable

-

Reducer and air compressor are
required

High price

High mainicnance cost
Turbulent Nlow breaks flocs

Treatment plant that requires
wide range of air supply
Nitrification ank
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