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visible dye

: MIL-1-25135
TYPE | METHOD P ANT MATERIAL
. GROUP USED
. | ) \ A B
oI A Water-washable Group 1V 91 a water-wast
fluorescent dye fluorescé%‘;‘pqnetrant alis
'dry, wet, or\non-agueous wet
developer \ S
1 B Post-emulsifiable Group V Consists of Q‘&p‘ost—emuisiﬁable
fluorescent dye fluorescent penetrant, an emui-
. sifier, and c!r'y;.. wet or non-
aqueocus wet developer.

Group VI Consists of a high-Sensitivity
post-emulsifiable fluorescent
penetrant, an emulsifier, and
a dry, wet, or non-agueous
wet developer

PENETRANT MIL- 125135 FAMILY OF ITEMS
i +- GROUP USED -
Sdlvent-i'emovable Groub v Consists of a solvent-remov-
fluorescent dye o ~ able fluorescent penetrant, a
penetrant remover {solvent) and
A . : a non-aguecus wet developer
314 A Water-washable " Group I Consist® of a water-washable
PR vigibie dye visible dye penetrant and & .
v g dry, wet, OF non-aguesus
. - wet developer R
B Post-emulsified Group §i Consists of a post-emulsifi-
visible dye able visible dye penetrant, -
. an emulsifier, ard a dry, wet,
© or non-aqueocus wet developer
c . Solvent-removable Group I Consists of a solvent-remov- .

" able visible dye penetrant, a- .

penetrant remover {solvent},
and a dry, wat, Or noR-aGUECUS
wet developer .
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NOTE:

WHEN THIS EQUIPMENT IS USED WITH TYPE I, METHOD I3 INSPECTION PROCESS,
AN EXTRA TANK FOR THE GROUP V OR VI EMULSIFIER SHALL BE ADDED
BETWEEN UNITS 2 AND 3. '

WHEN USING GROUP 1V, ¥, OR Vi DRY DEVELOPER, UNIT 4 SHALL BE MOVED BE-
TWEEN UNITS 5 AND 6,
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WATER- POST
WASHABLE EMULSIFIED
TYPE OF PENETRATION PENETRATION
MATERIAL FORM ¢! 'DISCONTIN UITY TIME (MINUTES)* TIME (MINUTES)}*
Aluminum Castings Porosity 5t0 15 5 ¥
' ™ d Cold shuts 5to I5 5 #*
i Extrusions and Laps N/R 10
4 forgings C
Welds Lack of fusion 30 5 )
: Pordsity 30 ] f
All Cracks 30 10 !
Fatigue cracks N/R 30
Magnesium Castings Porosity 15 5 ** i
\ Cold éhuts 15 b5
Extrusions and Laps N/R 10
forgings
Welds - Lack of fusion 30 10
Porosity 30 10
All Cracks 30 10
All Fatigue cracks N/R 30
Steel Castings Porosity 30 - 16 *#+
; o Cold shuts. 30 10 **
Extrusions and Lapsl . N/R 10
forgings
' Welds Lack of fusjon 60 20
Porosity 60 20
All Cracks 30 20
All Fatigue cracks N/R . 30
Brass and : Castings Porosity 10 3 x*
p.ronz.e. Cold shuts- 10 § w+
; Extrusions and Laps. N/R 10
forgings
Brazed parts Lack of fusion 15 10
Poresity 15 10
All Cracks 30 10
* Plastics All Cracks 5to 50 5
Glass All Cracks Sto 30 5
'_ T [ J o " —
Cartéi_de'—tipped g!__‘ - Lack of fusion ‘30 5
Lool:;'l . _:} Porosity 30 3
' l.= Cracks 30 26 )
Titanium and All N/R 20 to 30
Ahigh tempera- | . i
ture alloys .
All metals’ Al  Stress or inters. | N/R 240

*For parts having-a temperalure of 60"F,u:;h:gin’.:r.-

N/R +Not Recommended

.3' a ]

L

AVTNN p - Minimum Penetration Time Eg;f;;ﬂ,eﬁ%‘_{é:ﬂsl(smrcl 20oi 2)
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) SURFACES TO BE INSPECTED:

~

-

D00 <1 O Ut b L3 DD =

10.
11,
12,

" DISCONTINUITY IV PES:

Surface very rough (i.e.. sandeastings) . . . .%o v e s oL

Threads and KeyWIVS . . . . o v s 4 v v 4 vt v s v u w s b 4 0w .
Porous castings . . . . . . . ¢ i 0 i i i e e e e e e e e e e
Roupgh weldments, . . . .
Machine . . . .. .
Rolled . . . . 0 0 s i e s e i e e ks e e e e e e s e s e
Forged . . .. .. L L.
Tnvested . . . . . . i L o e e st it e e e e e s
Permanent mold . . . . .
Anedized . . . . .
Pitted, . . . . . . . . L s e e e e s e e e e et e e s
Finighed . . . ... ... ...

i. Discontinuities are nol wider than their depth, . . . . . . .. . ..
Discontimiities are wider than their depth. . . . . . . . .. o
3. Stress or intergranulare corrosion . .. L . Ve e e e e e s e e s
G0 Grinding ereks, o L L L L L L e L s e e e e e e e e e
B, Turbine blade eracks® . 000000000000
PRORUCTION RATES:
1. High. ... ... ... . ... e e e e e e e e e e e e
i 2, Low...... e e
OTHER:
1. The part is eonlaminated with acid or other chemicals tat
will harm water-washable peneteands © .00 000000 oL
.- 2. Inspecling parts which may have defects thatl are contaminaied
with in-gservice sofls. . . . . . o0 0000 oL e e
3.. Water-rinsing meihod not feasible because ol part size,
weight, and surface condition . . . . ... ... o 0L .
4. Removal of excess penetyant may beaproblem. . . . . . ... ..
5.  Short penetration time . . . . . .. .. s e e e e e e ..
- . T . -

*Recommended but refer to Applicable Technical Order.

B BE 45 38BN B k¢

5% 514 6 3 K
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BB 5E 55 38 93

, APPROPRIATE
NSPECTION:
METHODS *
INSPECTION . <lmlol<lm
) CONSIDERATIONS z|lz|g 'g 'S_
, ER IR R R EE
' A N N S
o . - . —t —
B ':': O I - -
’ Erolll IRt ol I vl )
A v -“‘.,_ * - — ; f =~ = .
< _ | :
i i
PART VOLUME: |
1. Inspecting large volume of pavts . . . . . e e e e e e e e X |'% XXy
. 2. Inspecting small volume of parts . . . . . .. .. e e e e e e X
AREA TO BE INSPECTED:
1. Inspecling large areas. . . . . . . . . . .. .. e e e e e e X X ,
i !
2. Spot Inspection. . . .. . . . e, X :
PENETRANT SENSITIVITY REQUIRD: i
1. The'lowest penelrant sensitivity is =uflicient Lo delect {he !
defect inheorent Lo the pavt . . . . L . L o X ¥
2. A higher penctranl sensitivity than Type [, Method A '
rives, is desired. |, | . ' : ¥ X
3. Variable, bul controlled, seasitivities are necessary so that
nondetrimental discont-ocines ¢ be passed over while
harmful discontinuitie qre detecied . L L L e e e [ X1 X
4,  Lowest sensiuviy s desived - 00 0 0 L 000 00 L 000 ] X :
- 3. A higher penctrant worentivity than Type IT, Method A ]
gives, s desived © L0 L L0 X1 X4X X

Mothod C

.
.

5% 5E B 6 6 5 M 0%

o

ﬁ']‘j'nﬁ o Inspection Methad Comparison Chart. (Sheet 2 of 2)
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Greatest | Magnetizing | Maximum 1 ‘Magnetizing
Width or Current Outside Current
Diameter (approx) Diameter {approx)
in Inches | in Amperes |inInches® | in Amperes
1/2 500 | 172 500
/4 - 150 3/4 750 N
1 1000 1 1000
1-1/2 1500 1-1/2 1500
2 2000 2 2000
2-1/2 2500 2-1/2 2500
3 3000 3 3000
3-1/2 3500 3-1/2 3500
4 4000 4 4000
* Measurement of tubular parts must be made on
the outside diameter, since amperage determines
the effective field surrounding a conductor.
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{lh’l @¥  Surface Defects.

=~ bdl .-

Note

PART). -

"PART 1t

¥

1
-4
{ﬂw ok Subsurface Defects.
¥ Degth of | Height of |  Con
‘ Radius | defect defect | Magnaflux
Port | inches | inches inches detect?
1 3/8 0.025 0.020 Yeos
2 3/4 0.050 0.040 Yes
3 3-3/4 0.250 0.200 Yes
4 | 3/8 | 025 | 0.200 No

PART IV,

PART 111

1 Al d!mnsiqm in Part ll are twice those in Port |

2) All dimensions in Part 11} are ten Hmo: those in Part |
3) .Defoct sizé gnd depth 'In Part IV cre: ‘same as

Port with rodiue oqual to Part | .

‘Fﬁﬂﬂ an

Part H1 but placed in

Depth of Detectable Subsurface Defects.
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. i i A
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B N

Ao

Faray

Recommended Magnetizing Current

Value in
View Current Path Amperes
A Through end-to-end 2500 - 4000
B In coil 1000
C Through each crank pin
check 2500
D In coll where crank has
welded counterweighta 1000

Through central conductor 2500 - 4000

&1

Notes

1. In multiple crankshafts, method B must be
repeated along the entire length, magnet-
talng each 8 to 10 inches along shaft length.

2, Method E applies where the shait is hollow
bored. A copper bar may be placed through
the main bearings; inspection should be re-
peated with the bar through each crank pin,

]
-
‘{Jﬂ\’l @&  Method of Magnetizing Crankehafte

2-38




T.0. 33B-1-1

Recommended Magnetizing Current

Value in :

View . Current Path Amperes :
A Through without cap " 2000 - 4000
‘B Incofl .1500 - 3000

C  Through central conductor
through crank pin bear-
ing with capheld in place 1500 - 4000

D  Through central conductor
through piston pin
bearing 1500

3000

E On master rods, through
central conductor
through knuckle pin
bearing. ' 2009
. (Repeat for each knuckle
pin bearing.)

F  Through crank pin end,

side-to-side 1000 - 2500

582205,

Note

ot

- O.Q.

L

This method applies to maste;:‘rods, articulated - - -
rods, and in-line engine rods.
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1 ;;ﬂﬁmc . Method of Magnetizing Connecting Rods

2-39



-1

rlsi s

S P

Beeaae

o o
00 D
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Recommended Magnetizing Current

) Value in
View = Current Path Amperes
A Through from end-to-end 2500
(This operation not necesg-
" paryif cap'was inspected
- with rod.)
B Through from sidewto-siée *
of crank pin bearing 2500
C  Through central conductor
through each knuckle pin
bearing %000
D Incoil 1000 - 1500

{ll'ﬂ cnb Method of Magneﬁzing Cormecting
Rod Caps °
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Recommended Magnetizing Current

. . Value in
View Current Path Amperes
A Through central conductor
through part 1660 - 2560
B Incold 1000
Note

Thiz method I8 recommended for piston and
holiow pine and other hollow parts, such as
gears, where the length is at ieast two or three
times greater than the dlameter. See 1, 2 and
& for exaraples.

{U @0 wamod of Magnetizing Piston Pins
and Other Hollow Parts
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Recommended Magnetizing Current

| -~ 7 Value in
[ "View  Current Path Amperes
A Through from end-to-end 200 - 1500
B In coil 200 - 1000
" C  Through across head 200 - 1500
D Through copper bar :
through bore 500 - 1500
Notes

1. Method C 18 ugually used to verify trans-
verse indications under head located by
Method B. Do not use this shot on valves.

2. Use Method D for nuts, rollers and washer-
- lke parts,

3. The roots of threads should be theroughly
cleaned before inspection of threaded areas.
A fine steel brush is recommended for this

purpose.

4, When inspecting threaded areas using the
wet continuous methed, dip the part in some
clean vehicle of the same type used in mixing
the bath after magnetizing and prior to in-
apection. This will remove accumulations of
particles not magnetically held inthe threads
and if done gently will not remove an in-
dication. .
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;ﬁw ac. Method of Magnetizing Bolts, Studs, Valves, Pins, and Valve Tappets
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Recommended Magnetizing Current

. . Value in
View Current Path Amperes

‘A Through from end-to-end 150 - 1500
B In coll 750

C  Through central conductor
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- : Value in
View Cuzrent Path Anperes

A  Through from end-to-end
for seams in the wire 200 -~ 500

B Through central conductor
through epring for de-
fecta transverse to the
wire 800 - 1000

* Method of Magnetizing Coll Springs

T

»



e . F'
-+ View Current Path

" A Through central conductor
through bore of gear, or
through gear fromface~
to-face, if bore is blind
or shaft solid

B Through gear across teeth
* € Through gear across teeth

after rotating gear 90°
on axis

Note

1000 - 4000

1000 ~ 4000

1000 - 4000

* Recommended Magnetizing Current

Value in
Amperes

Parts such as B and C can also be magnetized
using the induced current method with approx-
imately 5000 ampere turns or more. {See para-
graphs 2-31 through 2-34 and 2-47.)
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‘Recommended Magnetizing Current

Value in
View - Current Path Amperes
A Through central conductor
through propeller shaft
bore 2500 ~ 4000
B  Through central conductor
through propeller blade
bore 2500 - 4000
“C In coil ‘ : 1000

% {'ﬁﬁ &£¢ . Method of Magnetizing Two-Blade Propclier Hubs

afuinia

Recommended Magnetizing Current

Value in
View Cuprent Path Amperes

A  Through propeller blade
from hub to tip {(apecial
rotating fixture ie used
to clamp tip and pre-
vent arcing 3000 - 4000

B Incoll (shots and applica-
tiot of bath repeated at
12 - 18=-inch intervals
along length of blade to
give adequate field) 1000

Noie

Propeller inspection is covered in detail in
paragraphs $-33 theu 5-37.

2-46
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Method of Magnetizing Engine
Mounts and Welded- Structures
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= TABLE 1A
INCIDENT ANGLES IN'PLASTIC (LONGITUDINAL)
_I'REFRACTED STAINLESS . . STAINLESS Ti AL AL
“1ANGLES . STEEL © STEEL STEEL T O150A 1100 2017 INCONEL MAGNESIUM
R ' 302 410 .
" 1DEG."{ 0.5 0.5 0.4 0.4 0. 4 0.4 0.3 0.5
L 2.DEG, ¢| [0.9 0.9 0.7 0.9 0.8 0.9 0.7 0.9
“+ 3:DEG, 1, 4 1,4 1.1 1.3 1.3 L3 1.0 1.4
4 DEG. 1.8 1.9 1.4 1.1 1.7 1.7 1.4 1.8
"5 DEG. 2.3 2.4 1.8 2.2 2.1 2.1 1.7 2.3
8 DEG. 2.1 2.8 ‘2.2 2.6 2.5 2,0 2.0 2.8
7 DEG, 3.2 3.3 2.5 3.1 2.9 3.0 2.4 3.2
8 DEG. 3.6 3.8 2.9 3.5 3.4 3.4 2.1 3.7
9DEG.--| 4.1 4.2 3.2 3.9 3.8- 3.8 3.1 4.1
10 DEG. 4.5 4.7 3.6. 4.4 4.2 4.3 3.4 4,6
11 DEG. 5.0 5.2° 4,0 4,8 4,6 4,7 3.7 5.0
12 DEG, | 5.4 5.6 4,3 5.2 5.0 5.1 4.1 5.5
13 DEG. | 5.9 6.1 4,17 5.7 5.4 5.5 44 |. 80
14 DEG.. |, -6,3 - 6.6 5.0 6.1 5.8° 5.9 4.7 6. 4
] 15DEG, | -6.8: 7.0 5,4 6.5 6.2 6.3 5.1 6.9
"' 16DEG. | 7.2 7.5 5.7 8, 9 8.7 6.8 5.4 7.3.
. | IDEG. | T.7 7.9 6,1 7.4 . 7.1 7.2 5.7 7.7
| A8 DEG, | 8.1 8.4 6. 4 7.8" 7.5 7.6 6.1 8.2
“ |19 DEG. .| 8.5 8.8 6.8 8.2, 7.9 8.0 6. 4 8.6
.| 20:DEG, |- 9.0 9.3 7.1 8.8 8.3 8.4 8.7 9.1
. 21 DEG. 8.4 - 8.7 7.4 9.0 8.7 8.8 1.0 9.5
‘22 DEG. | 9.8 10.2 7.8 9,4 9.1 " 9.2 7.3 8.9
23 DEG. | 10.3 10. 6 8.1 9.8 9.5 9.6 7.7 10,4
24 DEG. | 10.7 11,1 8.5 10,3 - 9.8 | 10,0 8.0 10.8
25DEG. | 1.1 11,5 8.8 10.7 10. 2 “10. 4 8.2 11,2
LT )
: ‘TABLE IB
INCIDENT ANGLES IN PLASTIC (SHEAR)
REFRACTED STAINLESS STAINLESS Ti Al AL
ANGLES STEEL © STEEL . STEEL™ 150A 1100 2017 INCONEL MAGNESIUM:
- .302 410 _
20 DEG, 16,4 17.0 178 17.0 17.1 17.1 17.6 17.1
21 DEG. 17.2 17.9 18.7 17.9 18.0 18.0 18.5 18,0
22 DEG. 18.0 18.7 19.5 18,7 18.8 18,8 19,3 18.8
23 DEG.. 18.8 19,5 20, 4 . 19.5 19,7 19,7 20,2 19.7
24 DEG. 19. 6 20. 4 21.3 20, 4 20.5 20.5 21,1 20.5
25 DEG, 20, 4 21,2 22.2 21.2 21.3 21,3 21.9 21.3
26 DEG. 21.2 22.0. 23.0 22,0 22.2 | 22,2 22,8 22,2
27 DEG. . | .22.0 22, 9 23.9 22.9 23.0 23.0 23.7 23,0
28 DEG, 22.8 23.7° 24.8 23,17 23.9 23,9 24.5 23.9
29 DEG, 23. 6 24,5 25,7 24.5 24: 17 24,7 25. 4 24,7
30 DEG. 24,4 25,3 26.5 25.3 25,5 25.5 26.2 25.5
31 DEG. 25.2 -26,2. 27, 4 26,2 26.3 26.3 27.1 . 26,3
32 DEG. 26,0 27,0 28.2 27.0 27.2 27,2 27,9 27.2
33 DEG. 26.8 27,8 29,1 27.8. 28,0 28.0 28.8 28,0
34 DEG. 27.5 28.6 30.0 28,5 28.8 28.8 29,6 28.8
35 DEG. 28.3 - 29.4 30. 8 29. 4 29. 6 29.6 30.5 29, 6
36 DEG. 29,1 30.2 31.17 30.2 30, 4 30. 4 31.3 30. 4
37 DEG. 29.8 31.0 32.5 31.0 3.2 31,2 32.1 31,2
38 DEG. 30. 8 31.8 33.4 . 31.8 32.0 32.0 33.0 32,0
39 DEG., 31.3 32,5 34.2 32.6 32.8 32.8 33.8 32.8
40 DEG, |. 32.1 33.4 35.0 33.4 33.6 33. 6 34.6 33,6
41 DEG. 32.8 34,2 35.9 34.2 | 34.4 34,4 35.5 34, 4
42 DEG, 33.8 . 34,9 36.17 34,9 35,2 35.2 36.3 35.2
43 DEG, | 34.3 35,17 37,5 35.7. 36,0 36,0 37.1 36, 0
| 44DEG. |- 35.0 36,5 38,3 . 86.5 38,7 36.7]  37.9. 36,7
4-15
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TABLE IB
INCIDENT ANGLES IN PLASTIC (SHEAR)
| REFRACTED| ~ STAINLESS STAINLESS T AL Al
sl ANGLES o _STEEL.' s .S;(EQEL' . S'E]EOEL - 1504 ¢ 1100 2017 INCONEL MAGNESIUM
45 DEG. | 35.8 37.2 39.2 | 37.2 37.5 37,5 || 38.7 37, 5
|"46,DEG: | 36,5 . 38.0 40.0 | 38.0 38, 3 38,3 39.5 38, 3
4TDEG: [ 312 ¢ | . - 38.7 40,8 38.7 39.0 39.0 40, 3 39.0 .
48 DEG. |'37.9 "~ 39.5 . 41,5 39,5 39,8 39.8 41,1 39,8
49 DEG." | 38.5 40,2 ' 42.4 | 40,2 | 405 40,5 41.9 40.5
50 DEG. | 3.3 41,0 43,2 41.0 41,3 41,3 42,6 | 4.3
51 DEG. | 40,0 41,7 43,9 41,7 42,0 42.0. | 43.4 42,0
52 DEG. | 40.8 42.4 44,7 42,4 42,7 42,7 44,2 42,17
53 DEG. ' | 41.3 43,1 45,5 43,1 43,5 | 43.5 | 44.9 43.5
54 DEG. | 42.0 43,8 46,3 43,8 44,2 44,2 45.7 44,2
55 DEG.. | 42.6 44,5 . 4,0 | 445 44,9 44,9 46, 4 44,9
56 DEG. ' | 43.8 45,2 47.8 45,2 45,6 45,6 | 411 45,6
57 DEG, . | 43.9 - 45,9 48.5 45,9 46,2 46,2 47.9 46, 2
58 DEG.. | 44.5 - 46,5 49,2 46.5 46,9 | 46.9 48,5 46,9
59 DEG. || 45.1° - 47,2 49.9 47,2 47,6 47.6 49,3 |  47.5
60 DEG.. | 45.7 41,8 ~s0.7. | 4.8 | 48.2 | 48.2 50. 0 48,2
61 DEG." |.46.3 " 48,5 51.4 | - 48.5 48,9 48.9° | 50,6 48,9
' 62.DEG. | 46.9 49.1 52,0 |. 49.1 49.5 49,5 51.3 49,5
63.DEG, | 47.4 49,17: 52,7 49.7 50,1 50. 1 52.0 50, 1
64 DEG, | 48.0 50. 3 " 53,4 50.3° | 50.7 50,7 52, 6 50. 7
.65 DEG.. | 48.5 50. 9 54,0 50, 9 51.3 51,3 53, 3 51.3
66 DEG. | 49.0 51, 4 54,7 514 51.9 51,9 53, 9 51.9
BT.DEG, | 49,5 52, 0 55.3 | 52.0 | 52.5 52.5 54,5 52,5
68 DEG. | 50.0 52, 5 55.9 52.5 53.0 53,0 55. 1 53. 0
69 DEG., | 50.5 53. 0 56, 5 53,0 | 53.5 | .53.5 55, 6 53,5
T0DEG. | 51.0. 53,5 .| = 57.0 53,5 54,0 | . 54,0 56. 2 54,0
71 DEG.” | 51.4 54,0 57.6 ' 54.0 | 54.5 54,5 56,7 54,5
.73 DEG. - | 51.8 - 54,5 58. 1 54.5 55. 0 55, 0 57,2 55. 0
.| 78 DEG. :| 52.2. 54,9 58, 6 54.9 | 55,5 ‘| 55.5 57,7 55. 5
.| 74DEG. | 52.6 - 55.3 59.1 | 55,3 §5. 9 55. 9 58, 2 55, 9
| 75 DEG. | 53.0 55.8 59,6 © | 55.8 56, 3 56.3 58.6 -| 56.3
76 DEG. | 53.3 56, 1 60.0 56.1 | 56.7 56.7- | 59.1 56, 7
77 DEG. | 53.7 56.5 60.5 56,5 57.1 571 59,5 57. 1
78 DEG, | 54.0. 56.8 60. 9 58,8 | 57.4 | 57.4 59,9 57.4
99 DEG. | 542 57. 1 61.2 §7.1 | 57.7 | 57.7 60,2 |. 57.7
80 DEG. | 54.5 57. 4 61.6 57.4° | 58.0 58, 0 60. 5 58,0
81 DEG., | 54.7 57.7 61. 9 57.7 58, 3 58.3 | 60,8 58, 3
82 DEG. ' | 54.9 - 57.9 | 62. 2 57.9 58, 5 58, 5 61. 1 58.5°
83 DEG. | 55.1 58. 1 62. 4 58, 1 58,7 58.7 61.3 58,7
84 DEG. | 55.3 58, 3 62,6 58. 3 58. 9 58, 9 61. 6 58, 9
85 DEG, | 55.4 58.5 62.8 - | 58.5 | 59.1 59, 1 61.7 59. 1
86 DEG. | 55.5 - 58,6 63.0 |. 586 59.2 | 59.2 61.9 59, 2
87 DEG. | 55.8 58,7 63.1 58,7 | 59.3 59.3 62.0 59. 3
88 DEG. * | 55.7 58, 8 63.2 58, 8 50.4 59, 4 62.1 59. 4
' 89 DEG.- | 55.7 58, 8 63.2 58.8. | 59.4 59. 4 62,1 59, 4
90 DEG. | 55.8 58, 8 63.2 58.8 59. 5 59, 5 62. 1 59, 5
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TABLE IIA
MCIDENT ANGLES IN WATER (LONGITUDINAL)

S - REFRACTED .  STAINLESS STAINLESS AL AL Ti
© e L ANGLES :.S.@TEEL ’ 513:5EZEL : ' S;FE)EL_ He) T MAGNESIUM | INCONEL 1504
'1DEG. | 0.3 0.3 g.2 - 0.2 0.2 0.3 0.2 0.2 :
.3 PEG.Y | 0.5 8.5 - 0.4 0.5 0.5 0.5 0.4 | 0.5 :
i "8 DEG | 0.8 0.8 0.6 0.7 0.7 0.8 0.6 0.7. !
- 4 DEG. 1.0 1.1 0.8 0.9 1.0 1.0 0.8 1.0 b
.. | .s5pEG. | LS 1.3 1.0 1.2 1.2 1.3 1.0 1.2 |
- § DEG, 1.5 1.6 1.2 1.4 1.4 1.5 1.1 1.5
i 7 DEG, 1.8 1.8 1.4 1.6 1.7 1.8 1.3 1.7
‘ 8 DEG. 2.0 2.1 1.8 " 1.9 1.9 2.0 1.5 1.9 :
.9 DEG. 2.3 2.4 1.8 2.1 2,1. 2.3 1.7 2.2 ;
.| 10DEG, 2.5 2.6 2.0 2,3 2.4 2.6 1.9 2.4 -
| 11 bEG. 2.8 2,9 2.2 2,8 2.8 2.8 2.1 2.7 :
.| 12 DEG. 3.0 3.1 2.4 2.8 . 2.8 3.1 2.3 2.9 £
»7.'|'13 DEG. 3.3 3.4 . 2.6 3.0 3.1 3.3 2.5 3.1 g
.14 DEG. 3.5 3.7 2.8 3.3 3.3 3.6 2.6 3.4
.15 DEG. 3.8 - 3.9 3.0 3.5 3.5 3.8 2.8 3.6
|"16 DEG. | 4.0 4,2 3.2 3.7 3.8 4,1 3.0 3.9
17 DEG. | 4.3 4.4 3.4 3.9 4.0 4.3 3.2 4.1
18 DEG. 4,5 4.7 3.6 4,2 4,2 4.6 3.4 4,3
19DEG. | 4.8 4,9 3.8 4,4 4.5 4.8 3.5 4.6
20 DEG. 5.0 5.2 4,0 4.6 4.7 5.0 3.1 4.8
b e e o _ TABLE @B 0
" LR o .. INCIDENT ANGLES IN WATER (SHEAR) '
S, g :
- f'- PN | REFRACTED STAINLESS STAINLESS Ti AL AL :
%, o of § ANGLES STEEL STEEL STEEL 1504 1100 2017 INCONEL | MAGNESIUM .
o i . w2 410
© | 20 DEG. 8.1 9.4 9.8 9,4 9.5 9.5 9.7 5.5
- 21 DEG. 8.5 9.9 10.3 3.9 8.9 9.9 10.2 9.9
' 22 DEG, 10.0 10.3 10.8 10.3 10. 4 10, 4 10,7 10. 4
23 DEG. 10.4 10.8 L2 10.8 10,8 10.8 11,1 10.8
24 DEG. | 10.8 1.2 107 1.2 11,3 1.3 1.6 11.3
28 DEG. 11,2 L. 6 12,2 1.8 11,7 117 12.0 11,7
26 DEG. 117 12.1 12,6 12,1 12.2 12,2 12,5 12,2
27T DEG. 12,1 12.5 3.1 12,5 12.6 12.8 12.6 12.6
2% DEG. 12.5 13,0 13.5 13,0 13.0 13,0 13.4 13.0
2¢ DEG. 12.9 3.4 14.0 13.4 13.5 15.5 13.8 13.5
30 DEG. 13.3 13.8 14. 4 13.8 13,9 13.9 14.3 13.9
31 DEG. 3.9 14.2 14,9 i4,% 14.2 14.3 14.7 14.3
32 DEG. 14. 1 14,7 15.3 14.7 14.8 14,8 15.2 14,8
33 DEG. i4. 6 15.1 15.7 15,4 15.2 .| 15.2 15. 8 15,2
34 DEG. 14.9 15.5 i6.2 15.5 15.6 15.5 16.0 15.6
35 DEG. 15.8- 15.9 % % 6.8 15,9 16.0 18.0 16.4 16.0
38 DEG: 15.7 16,3 & 17.0 16,3 16.4 16, 4 16.9 16, 4
37 DEG. |' 16.1 w7 17.5 16,7 '16.8 16,8 17.3 16.8
38 DEG, 16,5 7.1 a".‘ 17.9 17.1 7.2 17.2 17.7 17.2
39 DEG. 16.9 . 1.5 8.3 | 7.5 17.6 17.6 18,1 17.6
40 DEG, 1.2 : 17,9 18.7 7.9 18, 18,0 18.5 18,0
41 DEG. 7.5 18,3 19,1 8.3 18,4 18,4 18,9 18.3
. 42 DEG. 18.0 " 18.6 19,5 8.8 18,3 18.8 19.3 18.8
43 DEG. 18.3 : 18,0 19,2 - 1.0 19,1 19,1 19.7 19.1
44 DEG, 18.7 : 19, 4 20,3 | 8.4 | 19.5 19.5 %0, ¢ 19.5
- .- | 48DEG. | 15.C 8.7 - 20, ¢ 19.49 18,9 18, 8 20,4 F 19.9
. . . i 48DEG. 19.4 1 | 219 20, 1 20. 2 20.2 20,8 20,2
D} 47 DEG. 19,7 ' 20,4 2:.4 20.4 20, 8 20. 6 21.2 20,6 ,
4R DEG. | 20.0 . 20,9 . 21,7 20.8 20,9 20,9 21.% 20,8 | !
7| 49 DEG. 20.4- 23,4, ¢ . 22 21,1 21,3 21,3 21,9 z1.3 h
) 4-17
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L TABLE IIB
' INCIDENT ANGLES IN WATER (SHEAR)

UI'REFRACTED] T | STAINLESS STAINLESS Ti AL AL )
| ANGLES ..  STEEL .- [ .  STEEL -. © STEEL | 1504 a0 2017 INCONEL | MAGNESIUM 1
R A o . 302 . 410 ‘ -
21,5 L. 22,4 21,5 21. 6 21.8 22,2 21. 6 i~
21,8 22.8 - 21.8 21.9 21.9 22,5 21,9 . '
22,1 * 23,1 22.1 22.3 22.3 22.9 22.3 °
22. 4, _ 23.5 22,4 22.8 22.5 23,2 22.6 <
22.7 23.8 22,7 22.9 22,9 23.5 22.9
23.0 24,1 23.0 23.2 23.2 23.8 23.2 -
23,3 24,4 | 23.3 23,5 23.5 24.1 23.5
23.6 24,7 | 28,6 23.8 23,8 24,4 23.8 :
28,9 © 25,0 23.9 24,1 -  24.1 24,7 24,1 1
24,2 .. 25.3 24.2 24,3 24,3 | & 25.0 24.3- :
24.4 .25,6 ° 24. 4 24.5 24.6 25.3 24. 6
24,7 25.8 24,7 24.9 24,9 25. 6 24.9
24,9 , © 26,1 24.9 25,1 [ 25.1 25,8 25,1
25.2 . 26,4 25.2 | 25.4 25. 4 26. 1 25. 4
25,4 26.6. [ 25,4 | 25,6 25.8 26.3 25.6
25,8 .. 26,8 |+ 25,6 25.8 25.8 26.6 25.8 !
25.9 . - 2n1 | 25,9 26,0 26,0 26,8 26.0 |
26, 1 R 26.1 | . 26.3" 26,3 27.0 26,3
26.3 21,5 26,3 26.5 26.5 27.2 26.5
" 26,5 ST 26.5 26.7 26.17 27.4 26.7
26,7 27.9 | 26,7 | 26.9 26.9 27.6 26.9
©26.8- | - 28,1 -| v26,8 27.0 | 27.0 27.8 27.0 .
27.0 28.3 | 27,0 | -27.2 27,2 28.0 27.2
.27.2 . 28:5. 27.2 | 27,4 | 27.4 28.1 27. 4
27.3 : 28.6 | 278 27.5 27.5 28.3 27,5 <
27.5 _ 28.8 2.5 27.17 27.7 28.5 27.7
|- 27. 6 28,9 27.6 | 27.8 27.8 28.6 27.8
|77 DEG. - | 26,7 . | 27,7 . 29,0 | 27,7 27.9 27.9 28,7 27. 9 - :
78 DEG, | 26,8 27.8 20.2° | 278 28.0 |. 28.0. 28.9 28.0 "o
79DEG. |[. 26.9 . |- 28.0 ' 29,3 28,0 28.2 | 28.2 29,0 28.2 '
| 80DEG, *| . 27.0"" . 28,0 29.4 28.1 28.3 '28.3 29,1 28.3 .
81 DEG.. | 27.1 - 28.1 29.5 28.1 28.3 |. 28.3 29.2 28.3
82 DEG., | 27.2 : 28,2 20.6 | 282 .| 28.4 28, 4 29.2 28, 4
|:83 DEG. |- 27.2 . 28,3 29.6 28.3 28.5 28.5 29.3 28.5
84 DEG. 27,3 ' 28,4 . 29.7 - 28.4 28.6 28.6 | 29.4 28.8
85 DEG. | 27.4 | . 28,4 29,8 . 28.4 |- 28.6 28.6 29. 4 28.6
86 DEG. | 27.4 © 28,5 29.8 - 28.5 28,7 28.7 29.5 28.17
87 DEG., | 27.4 28.5 . 29,8 | 285 | 28,7 28.7 29.5 28,7
.88 DEG. | 27.56. | . 28,5 29.9 28.5 28.7 28.7 29.5 28,17
89 DEG. |- 27,5 - 28.5 29.9 - 28.5 28,7 28.7 |. 29,6 28,17
80 DEG., [ 27.5 . 28,5 © 29,8 . 28.5 28.7 28,7 29,6 28,7
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TABLE III. VELOCITIES OF COMMON MATERIALS
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Sin

0.0000
0,0087
0.0175
0.0262
0.0349
0.0436
0.0523
0.0610°
0.0698
.0.0785
0.0872
0.0958
0.1045
0.1132
0.1219
0.1305
0.1392
0.1478
0.1564
0.1650
0.1736
0.1822
0.1908
0.1994:
0.2079
0.2164
0.2250
0.2334
0.2419
0,2504
0:2588 -
0.2672
0.2756
0.2840
0.2924
0.3007
0.3090. -
0.3173 "
0.3256
0.3338"
- 0,3420 -
. 0.3502
.. 0.3584
" 0,3665
0.3746 -
10,3827
0.3907
0.3987
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TRIGONOMETRIC SINES OF ANGLES

Angle.
(Deg)

Sin

24,0
24.5
25.0
25.5
26", 0
26.5
27.0
27.5
28.0
28.5
"29.0
29.5

30.0-
30.5

31.0
31,5
32,0
32.5
33.0
33.5
34,0
34.5
35,0
35.5
36.0
36.5
37.0
37.5
38.0
38.5
39.0

39.5 .

40,0
40.5
41,0
41,5
42,0

42,5 -

43,0

4305

44.0

. 44-5 o
45,0

45,5
46,0
46.5
47.0
47.5

TABLE IV
~Angle
Sin ~ (Deg)
0.4067 48.0

0.4147 48.5
0.4226 49.0
0.4305 49.5
0.4384 '50.0
0.4462 50.5

- 0.4540- 51.0

0.4617. 51.5
0.4695 52.0°
0.4772 52.5
| 0:4848 53.0
0.4924 53.5

0.5000 54.0

0.5075 ©54.5

0.5150 55.0
0.5225 55.5

0.5299 56,0
0.5373 56.5
0.5446 57.0
0.5519 57.5
0.5592 58.0

0.5664 58.5

0.5736  59.0..

0.5807 59.5
0.5878 _  60.0
0.5948 60,5
$.6018 61.0
0.6088* 61,5
0.6157 62,0
0.6225  62.5
. 0.6293 63.0

0.6361 63.5
0.6428 - 64,0

0:6494 -  64.5
,0.6561 65,0

0.6626 65.5
0.669L.  66.0
0.6756 .  66.5
0.6820 67,0

.0.6884. " 67.5

[0.6947  68.0
0.7009 - 68.5
0.7071 - 69.0

0.7133 .- 9.5
0.7193 . 70.0°
'0.7254  70.5
10,7314 . 71.0

0.7373 71.5

0.7431

0.7490-

0.7547
0,7604
0.7660
0.7716
0.7771
0.7826
0.7880
0.7934

0.7986 -

0.8039
0.8090
0.8141
0.8192
0.8241
0.8290
0.8339
0.8387
0.8434
0.8480
0.8526
0.8576
0.8616
0.8660

0.8704

0.8746

0.8788"

0.8829
0.8870
0.8910
0.8949

0.8988 .
10,9026

0.9063
0.9100
0,9135
0.9171
0.9205
0.9239
0.9272
0.9304
0.9336
0.9367
0.9397
0.9426
0.9455
0.9483

!
N

o
A4
ah

Angle
(Dez) Sin )
72.0 0.9511"
72.5 0.9537
73.0 0.9563
73.5 0.9588
74.0 0.9613
74.5 0.9636
75.0 0.9659
75.5 0.9681
76.0 0.9703

- 76.5 0.9724

2 77,0 0.9744

©77.5 0.9763
78.0 0.9781
78.5 0.9799
79.0 0.9816
79.5 0.9833
80,0 0.9848
80.5 0.9863
81.0 0.9877
81,5 0.9890
82.0 0.9903
82.5 0.9914
83.0 0.9925
83.5 0.9936
84.0 0.9945
84.5 0.9945
85.0 0.9962
85.5 0.9969
86.0 0.997¢6
86.5 0.9981
87.0 0.9986
87.5 0.9990
88.0 0.9994
88.5 -0,9997
89.0 0.9998
89.5 1.0000
90.0 1.0000
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