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This ' invention relates to improvements in 
methods for detecting fiaws in rigid bodies, 
Wh3ther mešallic or non-metallic. More Specifi 
cally, the invention relates to rapid and non 
destructiWe testS for the location of cracks, blow 
holes, leaks, piping, SeamS, Shrinkage cawities and 
other defects in rigid articles. The methods of 
this inventiora are particularly applicable to . the 
detection of Superficial defects and do not re 
quire the use of Special illumiraation or irradiation 
in order to indicate the location and extent of 
Superfficial defectS. 

It has heretOfore been goroposed to detect, fiaws 
in rigid articles by coating, immersing or other 
WiSe applying to Such articles a, liquid agent con 
tainirag a, lumineScerat, Substance and capable of 
penetrating into cracks or other superficial cavi 
ties SO Small aS normally to be invisible to the 
hurnath eye. After the removal of any excess 
of the liquid agent from the external Surfaces 
of the articles being tested, the operator allows 
Sufficient time for the Seepage of the liquid agent 
from any crack or other fda.w into Which the 
|agent; may have peraetrated. The agent can then 
be detected by its lumineScence upon examination 
under Special irradiation, thereby revealing the 
location and exterat of any defect that may be 
present. ~ 

The prior art, depends for the detection of su-- 
perficial flaws upon agents that emit lurrhinescent; 
light at the fiaW or otherwise identify the loca 
tion of Superficial defects such as cracks. The 
present inWention, on the other hand, prowides 
a method for showing up any Superficial fiaWS 
in a rigid article, not by relying upon any lumi 
raescence or distiractive coloring of the defective 
area, but by distinctiWely coloring the Surface of 
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` of the uncowered area, about the defect. 

liquid has penetrated and Will gradually flow 
away from Such defect to leave an uncovered 
are8 thereabout. As the coating film recedes 
from the defect, the SuSpending or dissoliWing me 
dium therein eWaporates of and the dyestuff 
either crystailizes or precipitates out at the edge 

Such 
83rea, is thereby permanently and clearly outlined 
and ramade apparerati on ordinary wisual inspec 
tion. 

It is therefore an important; object of the pres 
€ht inveration to provide an improwed method for 
detecting superfficial flaws in rigid articles which 
are normally inWiSible to the human eye with 
out the use of Special illumination or irradiation. · 
Another important object of this invention is 

` to prOVide a method for detecting the extent and 
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the metal article more remotely Surrounding the . 
defect while lea.wing the area immediately adja 
cent; the defect unaffected. ~ 
More particularly, the method of this inwern 

tion comprises coating, dipping or otherwise treat 
ing ara article to be tested With an oily liquid ca 
pable of permetrating into any superficial defect 
Which Would escape WiSual inSpection. The ex 
ceSS of the oily liquid is then Wiped or Washed 
off froma the exterior Surfaces of the article, and 
the article is coated With a floWable colored com 
position, which maay comprise an oil Soluble or 
oil emulsifiable dyestuff dispersed in a low boil 
ing liquid hydrocarbon, halogenated hydrocar 
bora, aliphatic ether, or the like. 

I have found that the film of the colored com 
position which forms ower the article will break 
abowe any defect into Which the initially applied 
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location of Superfficial cracks and the like in rigid 
articles by a method inwolwing the step of dis 
tinctly coloring the continuous surface area, sur 
rOumding 8, local discontinuity such as the crack. 
A furthaer object of the inveration is to pro 

Wide a method for revealing the presence and ex 
temt of Surface c?rackS and the like in rigid arti 
Cles by causing an oily liquid to permetrate into 
Such crackS and thereafter coating the article 
being tested With 8 colored film-forming material 
Characterized by its tendency to recede from any 
Of the oily liquid exuding from a crack or the 
like Whereby a permanently outlined colored area, 
delimiting the defect is formed. 
Other and further objects and features of the 

present invention will become apparent from the 
folloWing description and appended claims. 
An example of the working of the present; in 

Veration. Will now be described with special refer 
ence to the drawing, in which: 

*igure 1 is a fragmentary cross-sectional view 
Of a metal article hawing a superficial crack 
normally invisible to the human eye; 

Figure 2 is a wiew Similar to Fig. 1 |showing 
the treatment of the article in Fig. 1 with an 
Oily liquid capable of pernetrating the Superficial 
crack therein; 

Figure 3 is a ·VieW Similar to Fig. 2 showing the 
Oily liquid removed from the outer surface of ’ 
the article but still present within the Superficial 
crack into Which it has penetrated; 

Figure 4 is a wiew Similar to Figure 3 show 
ing the article of Fig. 3 immediately after being 
C0ated With a colored solution or Suspension; 

figure 5 is a wiew Similar to Fig.4 ShoWing 
hoW the colored Solution recedes from the edges 
Of he Crack filled with penetrating oily naterial; 83}} 
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`18igure 6 is a plan wiew ot the article in the ' 

same final stage as that of lig., 5. 
In ligS. 1 to 6 the reference numeral f0 in 

dicates generally a rigld article, which may be 
either metallic or non-metailic. A surface crack, 

- which may be so Small as to be invisible to the 
unaided eye , and therefore not detectable 
by ordinary visual inspection, is represented by 
the reference numeral fl. In proceeding' ac 
cording to the present inWention, the article f0 is 
initially coated with a penetrating oily material 
['2', as shown in Fig. 2. The permetrating liquid 
may Suitably consist of any light oil, such as 
keroSerne, parafilm oil, commercial irak oil, or 
the like. The exceSS of the pernetrating oil1 is 
then Wiped or Washed of the exterior Surfaces 
of the article being tested, but without remowing 
the oil that has peraetrated into the crack, as 
shown in ig. 3. 

In the next step, the article being tested is 
coated with a, thin film of a suspension or Solu 
tion of a dyestfit or pigment in a suitable wolatile 
liquid medium such as ethylene dichloride, 'ig. 
4 shows the article 0 coated with a film 14 of 
Such a colored liquid. As Shown in Fig., 4, the 
oily medium contained in the crack if causes 
a. break in the film 14 immediately above the 
crack lf. The resulting fiSSure in the film is 
indicated by the reference numeral f5. 

IDue to differences in Surface tension as be 
tween the oily liquid 2 and the film 14, the 
latter recedes in all directions away from the 
fisSure 5 formed above the crack | | The 
fiSSure f5; tends to be enlarged progressively by 
wirtue of Such recession of the liquid forming 
the film. The initial fiSSuring of the film 4 as 
well as the recession of the film after being 
fiSSured is thought; to be due to a, surface ten 
sion phenomenon but may possibly be due to 
Some other cause. 

'The liquid wehicle in the coating dye dispersion 
being quite Wolatile, ewaporation proceeds as the 
film recedes from the crack fd. When the 
ewaporation has continued to a definite stage, 
the dyestuff dispersed in the liquid film form 
ing material begins to precipitate out or to 
crystallize out, and recession from the edges of 
the crack f5 ceases. As shown in Frigs, 5 and 6, 
an uncowered and uncolored area, [6 about the 
crack ll is left; while the more remote surround- ? 
ing Surface area, is colored by the dyestuff precip 
itated from the film f4. The area, 16 clearly 

. outlines the location and extent of the crack l l. 
More particularly, the area. I6 forms a magnified 
reproduction of the crack f l. The exact amount; 
of magnification depends upon the nature and 
characteristics of the oily pernetrant and of the 
Specific liquid film forming material ermployed, 
as well as upon temperature conditions at the 
time of testing, and like factors. However, the 
exact amount of magnification occurring under 
standardized coraditions can be determined, so 
that the present method offers a, simple method 
not only for indicating but also for magnifying 
to a predeterminable extent, Superficial fiaws in 
rigid articles. By the method of this inwention, 
Simple measurements and ordiraary measuring 
devices can be employed for determining the 
exact magnitude of any cracks found by such 
inSpection. 
Where ethylene dichloride is used as the diS 

persing medium for the dyestuff, an oil Soluble 
dye Such as Glycolor Brown, Fluorol b G. A., 
Oil Yellow, Oi! Orange E', Quinoline Yellow Spirit) 
Soluble, Sudan II, Sudan C. B. Sudan G, Cya 
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nosin Spirit Soluble, the fatty acid connpound of 
the basic triphenyi methane dyestuffs and other 
dyes conventionally used to · color oils can be 
enraployed. Other pigmentS or dyestufis can be 
combined with suitable dispersing media, to coact; 
with any desired pernetrating media, as will be 
evident to those skilled in the art in the light of 
the foregoing disclosures. · 
Other wehicles for the dyestuff or pigment 

can be used, including halogenated hydrocarbons 
Such as carbon · tetrachloride, ketones, such as 
acetone and methy1 ethy ketorae; and ethers, 
such as diethyllene glycol monoethy1 ether. The 
Selection of the particular vehicle depends upon 
what properties are desired, particularly upon 
whether high or dow wolatility is desired to give 
rapid or slow ewaporation of the Solwent. " For 
instance, ordinary ether may be used, but it is 
too volatile for best results. Acetone, on the 
other hand, works wery satisfactorily, since it 
is only moderately wolatile The glycol ethers 
are examples of even leSS wolatile Solwents that 
can be used. ~ • • 

AS preWiously indicated, any light or medium 
petiroleum distillate such as kerosene, mineral 
spirit, or the like, may be used as the penetrant. 
The important; thing is that the permetrant; and 
the vehicle for the dyestuff have different; Sur 
face tensiorm values. The amount of the difier 
ence, apparently, need not be great, but some 
difference appears to be required. The use of 
iderntical liquids for the pernetrant and the dye= 
stuff wehicle is therefore not feasible, unless the ' 
dissolved dyestuff appreciably changes the sur 
face tension of the ̀ wehicle, as may Sometimes 
be the case. '' 
The phenomenon of **wetting' is probably also 

inwoIVed but that is understood to be a function 
of the surface tension. My observations indicate 
that there may be still other factors involved, St1ch 
as the relative degree of wolatility of the penetirant 
and of the color vehicle, but in general I have 
found that whenewer different liquids are used for 
the penetrant; and color: wehicle, there is a tend 
ency for the pernetrarat and color wehicle to resisb 
coalescence and for the recession previously de 
Scribed to take place. '' 

In order to obtain best results, it is necessary' 
to effectively remove the excess of the peraetrant; 
from the exterior surface of the article under 
going test. This is most easily accomplished by 
incorporating an ernulsifying agent in the pene 
Érarut so that the excess pernetrant can be readily 
washed off by a spray of water. Many of the 
known emulsifying agents for effecting an oil-in 
water emulsion are suitable for use here. A pre 
ferred emulsifying agent is one known by, the 
proprietary name, **Magnasol.'' After the exceSS 
of pernetrant has been washed off, the article is 
drjed, since the presence of water on the Surface 
would introduce another wariable and interfere 
with the obtaining of consistent; result.S. 

' Many details of composition and procedure may 
be warried within a wide range without departing 
from the principles' of this invention and it is 
therefore not my purpose to linãt; the patent 
granted on this invention otherwise thara raeces 
sitated by the Scope of the .appended claims. 

I claim as my iraWention: 
1. The method of detecting fiaws in a rigid 

_body, which comprises treating said body with a 
liquid agent capable of penetrating faws therein, 
remowing the agent from the external body sur 
faces, and applying to said body a relatively wola-- . 
tle, colored 1;iquid of different surface tension 
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fron Sadd first liquid agent to form a film there 
over of said colored liquid, which film will fiSSure 
about said flaws and recede therefrom to leave 
an uncovered and uncolored area, immediately ad 
jacent Said flaws.and a colored area rmore remote 
|ly surrounding Said fdowS. 

2. The method of detecting flaws in a rigid 
body, which comprises applying to the surface 
thereof an oily pernetrant, renowing the exceSS 
of said penetrant from such surface, applying to 
said surface a colored, relatively volatile liquid of 
different; Surface tension from Said penetrant and 
allowing ewaporation of said colored liquid to oc 
cur, whereupon a recession takes place of said 
colored liquid from any fiaw present to leaWe an 
uncowered and uncolored area immediately adja 
cent said flaw and a colored area more remotely 
surroundrag Said fiaW. 

3. the method of detecting flaws in a rigid. 
body, which comprises applying to the surface 
thereof an oily penetrant, washing off the excess 
of said pernetrant from Such Surface, drying said 
surface, applying to said surface a colored, rela 
tively wolatile liquid of different surface tension 
frcrn said pernetrant and allowing ewaporation of 
said colored liquid to occur, whereupon a reces 

' sion takes place of said colored liquid fron any 
fla? present to leave an uncowered and uncolored 
area, immediately adjacent S?idfiaW 9and a colored 
area more remotely surrounding said flaw. 

4. The rmethod of detecting fiaws in the sur 
face of a body, which conprises applying to said 
body a liquid permetrant capable of pernetrating 
into any surface fda.w, remowing said penetarant ? 
fron Sadd surface while leawing said penetrant, 
in Such flaws as may be present, applying to said 
surface a film of a colored liquid of different sur 
face tension from that of said penetrarat, and 
|obserwing whether any break in Sadd film occurs 
that would indicate the presence of a flaw. 

5. The method of detecting filaws in the surface 
of a body, which conprises applying to said body 
a light petroleum distillate capable of pernetrat- * 
ing into any surface flaw, renowing said pene 
trant fron said surface while leaving said pene 
trant dra Such flaws as may be present, applying 
to Sald Surface a film of a colored halogenated 
hydrocarbon of different surface tension from 
that of said pernetrant and observing whether any 
break in said film occurs that would indicate the 
presence of a flaw, ~ 

6. The method of detecting flaws in the surface 
of a body, which comprises applying to said body 
? light oily liquld capable of penetrating into 
any surface flaW, renowing the excess of sadd 
liquid from said surface, applying to said surface 
?fihn of a dispersion of a dyeastuff in a relatively 
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wolatile liquid of different surface tension from 
that of said oily liquid, and allowing said wolatile 
liquid to ewaporate to leave a deposit of said dye 
stuff upon said surface, Whereby from the pres 
erace or absence of uncolored areas on said Sur 
face the presence or absence of flaWS. may be 
obserwed. 

'. The method of detecting flaws in the surface 
of a body, which comprises applying to Said body 
a light oily liquid capable of permetrating into any 
Surface flaW, remoWing the excess of said liquid 
from said Surface, applying to said surface a film 
of a disperiora of a dyestuff in a liquid halogen 

` atted hydrocarbona of different Surface termsion 
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from that of said oily liquid and allowing said 
halogenated hydrocarbon to ewaporate to leave 
a deposit of said dyestuff upon said surface, 

· whereby from the presence or absence of un 
colored areas on Said surface the piresence or 
absence of flaWs may be obserWed. 

8. The method of detecting flaws in the surface 
of a body, which comprises applying to said body 
alight petroleum distillate capable of penetrating 
into any surface fiaW, remowing the excess of said 
liquid from Said Surface, applying to Said surface 
a film of a solution of a dyestuff in ethylene di 
chloride, and allowing Said ethyleme dichloride 
to eWaporate to leave a deposit of said dyestuff 
upora said surface, whereby from the presence or 
absence of uncolored areas on said surface the 
presence or absence of flaws may be observed. 

9. The method of detecting flaws in the surface 
of an article hawing surface flaws or defects, 
Which comprises effecting the introduction of a 
liquid pernetrant into such flaws, freeing the sur 
face surrounding such flaws from said 1iquid 
penetrarat, applying to Said surface a relatively 
Volatile liquid capable of being repelled by said 
peraetrant and containing coloring matter dis 
persed ina said liquid, allowing sufficierat time for 

| said wolatile liquid to recede from any flaws pres 
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ent and to ewaporate, and observing the presence, 
' extent and relative dimensions of any uncolored 
8488.S. 

10. The nethod of detecting fiaws in the sur 
face of an article hawing surface flaws or defects, 
which conprises effecting the introduction of a 
petroleurn distillate pernetrant into such flaws, 
freeing the surface surrounding such flaws fron 
said liquid penetrant, applying to said surface a 
Solution of ethylene dichloride containing color 
ing matter dispersed therein, allowing sufficlent 
tine for Sald ethylene dichloride to recede fron 
any flaws present and to ewaporate, and obsery 
ing the presence, extent and relative dimensions 
of any uncolored areas. 
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