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(54) Self-adjusting inspection
apparatus

(567) The inspection apparatus {10)
self-adjusts for inspecting bolt-holes
of a predetermined size range
between a minimum inspection
diameter and a maximum inspection
diameter. A probe shaft (12) is
coupled through a ramp portion (12R)
to a pear-shaped probe head (14). The
probe head {14) includes a sensor
element (15) e.g. eddy current coil at
the perimeter thereof. An axial slot
extends (125) through the shaft and
the probe head, dividing the probe
head (14) into two probe head
sections (14A, 14B). A first spring
(16') couples the probe head sections
(14A, 14B) and normally urges the
sections (14A, 14B) away from each
other and toward the maximum

inspection diameter. A cup (18} is
slidably positioned around the ramp
portion (12R) such that, as the cup
(18) slides along the ramp portion
(12R) toward the probe head (14), the
two probe head sections (14A, 14B)
are urged together and the minimum
inspection diameter is approached. A
second spring {22) is positioned about
the shaft to normally urge the cup to
an extreme position along the ramp
portion, resulting in the minimum
inspection diameter. When the probe
head (14) is inserted into a hole the
second spring (22) is compressed and
the cup (18) slides to a position
around the ramp portion (12R) at
which the two sections (14A, 14B) are
urged away from each and the probe
head (14) has a dimension which
corresponds to the dimension of the
hole.
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SPECIFICATION 65

Self-adjusting inspection apparatus

The present invention relates to self-adjusting
inspection apparatus, and more particularly, to
such apparatus for inspecting bolt-holes of various
sizes.

Conventional machinery, such as aircraft
engines, typically include a plurality of bolt-holes.
For many applications, it is necessary to inspect
the quality of such bolt-holes. For example, one
such inspection technique involves the insertion of
an eddy current probe into the bolt-hole which is
fo be inspected. The eddy current probe includes a
probe head having sensor coils located thereon.
For accurate eddy current inspection, it is
necessary that the sensor coils make firm contact
with the bolt-hole interior surface.

One conventional technique for providing the
necessary firm contact is to manually wedge the
probe head so as to fit the particular bolt-hole
which is to be inspected. This wedging technique
is often undesirabte for industry applications, such
as in the manufacture of aircraft engines, where
the relatively large variation in boli-hole sizes
renders the technique awkward and time-
consuming. More particularly, the variation in bolt-
hole size is often such that a probe appropriately
wedged to fit one bolt-hole may be too large or
too small to fit other bolt holes. Indeed, in a
manual inspection, the probe is generally
repeatedly removed and rewedged to fit the other
bolt-holes. Further, in view of the need for
repeated wedging, this technique is clearly not
amenable to an automated inspection system.

In carrying out one form of my invention, |
provide self-adjusting inspection apparatus for
inspecting apertures of a predetermined size range
between a minimum inspection dimension and a
maximum inspection dimension. Probe shaft
means is provided and includes a pair of opposing 105
ends and a midsection. One of the opposing ends
is adapted to be coupled to operator means. The
other of the opposing ends includes a ramp
portion of generally increasing cross section with
respect to the cross section of the midsection.
Probe head means is coupled to the probe shaft
means at the ramp portion remote from the one
opposing end. The probe head means is adjustable
over the predetermined size range between the
minimum dimension and the maximum
dimension. The probe head means includes at
least two cooperating sections coupled together
through first biasing means which normally urges
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maximum dimension and which, when urged
together, present the minimum dimension. Ramp
loading means is slidably positioned around the
ramp portion and has an ainside dimension such
that, as the ramp loading means slides along the
ramp portion from the one opposing end of the
probe shaft means toward the probe head means,
the two cooperating sections are caused to be
urged together and the minimum dimension is
approached. Second biasing means is positioned
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around the midsection and coupled to the ramp
loading means. The second biasing means
normally urges the ramp loading means to a
position around the ramp portion at which the
cooperating sections are urged together wherein
the probe head means presents the minimum
dimension. Insertion of the probe head means into
the aperture to be inspected compresses the
second biasing means and causes the ramp
loading means to slide to a position around the
ramp portion at which the two sections are urged
away from each other wherein the probe head
means presents a dimension which corresponds to
the inspection dimension of the aperture to be
inspected.

For a better understanding of the invention,
reference may be had to the following description,
taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 is a partially sectioned elevational
view showing one form of the self-adjusting
inspection apparatus of the present invention.

FIGURES 2A—2C are schematic views, taken
as in Figure 1, showing a portion of the inspection
apparatus as employed to inspect a bolt-hole of
intermediate diameter.

FIGURES 3A, 3B, are schematic views, taken as
in Figures 2A-—2C, showing the bolt-hole
inspection apparatus as employed to inspect a
bolt-hole of minimum and maximum diameter,
respectively.

Referring initially to Figure 1, one form of self-
adjusting probe apparatus of the present invention
is generally designated 10. The probe apparatus
10 includes a generally axial shaft 12 having a pair
of opposing ends 12A and 12B and a midsection
12M. The midsection 12M may, for example, have
a cross section of generally circular and constant
diameter. For reasons which will be understood
later, the shaft 12 preferably includes an axial siot
12S which extends a predetermined distance
therethrough. The shaft 12 may be of any material
appropriate for the application involved. For
example, for eddy current inspection applications,
insulating materials, such as phenolics or plastics,
are appropriate.

The end 12A of the shaft 12 is adapted to be
connected to signal processing means and/or
operator means may, for example, include
conventional rotating equipment for rotating the
shaft 12 about its longitudinal axis (see arrow R)
while providing for electrical coupling, e.g., slip
rings, from the probe apparatus to the signal
processing means.

The shaft end 12B includes a ramp portion 12R
extending axially from the midsection 12M. The
ramp portion 12R is of generally increasing cross
section with respect to the cross section of the
midsection 12M. Probe head means 14 is coupled
to the ramp portion 12R at a position remote from
the shaft end 12A. The probe head means 14
may, for example, comprise a pear-shaped
structure wherein the end of the probe head
means 14 remote from the operator is provided
with a tapered edge 14T for facilitating entry into
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bolit-holes. The probe head means 14 includes at Intermediate diameter d, represents a bolt-hole
least one conventional eddy current sensor coil 15 30 having a diameter between the minimum
located at the largest perimeter of the pear- diameter d and maximum diameter D. More
shaped probe head 14 and adapted for inspecting particularly, to inspect the bolt-hole 30, the tip

5 bolt-holes. Electrical signal line 15’ couples the 70 14T of the probe head means 14 is aligned to the
sensor 15 to the appropriate signal processing center of the bolt-hole. Typically, rotating motion
means (not shown). is imparted to the apparatus 10 by conventional

The probe head means 14 may include, for rotating equipment (not shown). Axial motion of:
example, two cooperating probe sections 14A, the probe head means 14 is initiated into the bolt-

10 14B, respectively. The cooperating sections 14A, 75 hole 30. By the time the cup arms 19 contact the
14B are defined by the shaft slot 12S which boit-hole surfaces 308, the spring retainer 20 and
passes therethrough and through the midsection cup 18 functions as a rotary bearing surface. As
12M. A transverse groove 16 extends into each of the axial motion of the probe head means 14
the cooperating sections 14A, 14B and a biasing continues into the bolt-hole 30, the axial spring 22

15 means 16’, e.g., a spring, is disposed therein. 80 begins to compress and the cup 18 moves along
When the sections 14A, 14B are urged together, the ramp portion' 12R from the position shown in
the probe head means 14 presents a minimum Figure 2A to the position shown in Figure 2B.
diameter which is suitable for inspecting bolt- During this axial movement, the probe head
holes of a. minimum diameter d. The spring 16 means 14 diameter begins to increase from the

20 functions to normally bias the cooperating 85 minimum diameter d of Figure 2A toward the
sections 14A, 14B away from each other. desired intermediate diameter d,. As the axial

Ramp loading means 18 is provided. As will be motion of the probe head means 14 is continued
appreciated later, the purpose of the ramp loading into the bolt-hole 30, the cup 18 continues to
means 18 is to determine the inspection diameter . move along the ramp 18, resulting in the position

25 presented by the cooperating sections 14A, 14B 90 shown in Figure 2C in which the probe head
of the probe head means 14. The ramp loading means 14 presents a diameter equal to the
means 18 may, for example, be in the form of a intermediate diameter d,. Typically, good
cup which is slidably positioned around the ramp inspection can now be accompished simply by
portion 12R and is provided with an inside rotating the probe 10 about its longitudinal axis. It

30 diameter (ID) which is selected to be smaller than -~ 95 is to be appreciated that, once the probe head
the diameter of the bolt-hole to be inspected. means 14 obtains the diameter equal to the bolt-
Preferably, the inside diameter (ID) of the cup 18 hole, the probe head means 14 obtains the
is slightly smaller than the minimum diameter d. diameter equal to the bolt-hole, the probe head
The cup 18 is preferably of a low friction material, means 14 can be further inserted into the bolt-

35 e.g., nylon, and includes cup arms 19 which 100 hole for further inspection.
extend generally parallel to the longitudinal axis of Thus, as shown in Figure 2C, the diameter of
the probe apparatus 10. The tips 19A of cup arms the probe head means 14 is determined by the
19 are preferably provided with a gripping bolt-hole diameter d,, thus assuring good contact
surface such as high friction rubber. as required for a quality inspection. After the

40 The cup 18 is normally urged to the position 105 inspection, when the probe apparatus 10 is axially
shown in Figure 1 in which the probe head 14 withdrawn from the bolt-hole 30, the axial spring
presents the minimum diameter d. More 22 will again move the cup 18 into the normal
particularly, spring retainer means 20, preferably - position of Figure 2A, causing the cooperating
of a low friction material, e.g., nylon, is coupled to probe sections 14A, 14B to be urged together.

45 the cup 18. The retainer means 20 may also be 110 Thus, the probe head means 14 once again
further coupled to the shaft 12 through a pin 21. presents the minimum diameter d is ready for the
The pin 21 rides in the shaft slot 12S so that the next inspection.
spring retainer 20 and cup 18 are axially slidable For calibration purposes, it is desirable that the
with respect to the shaft 12. Axial biasing means distance S {shown clearly in Figure 1),

50 22, which may, for example, comprise a spring, 115 representing the axial distance along the cup arms
is coupled at one end 22A to the retainer 20. The 19 from the bottom of the sensor 15 to the cup
other end 22B of the spring 22 is coupled to a arm ends 19A, be carefully selected. More
flanged portion 12F which is located at a point particularly, the distance S should be selected
further remote from the probe head 14. The spring such that the sensor 15 contacts the interior of the

55 22 is selected to provide sufficient force to 120 bolt-hole at the desired location. Also, the
overcome the force of the transverse spring distance S should be selected such that the cup
16’. Accordingly, under normal operating 18 moves the desired distance along the ramp *
conditions, the cup 18 is moved along the ramp portion 12R whereby the probe apparatus 10 is
12R, resulting in the position shown in Figure 1 capable of self-adjustment over the desired

60 wherein the probe head means 14 presents the 125 predetermined range of bolt-hole sizes.
minimum diameter d. It is to be appreciated that the self-adjusting

Referring now to Figures 2A-——2C, the use of probe apparatus 10 can inspect bolt-holes of
the self-adjusting inspection apparatus 10 of the diameters which vary between a predetermined
present invention in inspecting a bolt-hole of minimum diameter d and a predetermined

65 intermediate diameter d, will be described. 130 maximum diameter D.
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For example, Figure 3A shows one form of the
probe apparatus 10 as employed to inspect a bolt-
hole 32 of the minimum diameter d. The minimum
bolt-hole inspection position of Figure 3A is
obtained in a manner similar in sequence shown in
Figures 2A—2C. However, in the minimum

. diameter bolt-hole inspection of Figure 3A, the

probe head sections 14A, 14b are first separated
(not shown) as the cup 18 moves along the ramp
portion 12R while compressing the spring 22. This
separating of the probe sections 14A, 14b is,
however, opposed by the further compression of
the probe sections 14A, 14b as the tapered edge
14T of the pear-shaped probe head means 14
enters the bolt-hole 32. Figure 3B depicts, in
exaggerated fashion, the situation in which the
self-adjusting probe apparatus 10 is employed to
inspect a bolt-hole 34 of the maximum diameter
D. The probe 10 is again employed as shown in
Figures 2A—2C. This results in a situation in
which the cup 18 has moved sufficiently along the
ramp portion 12R so that the probe sections 14A,
14B are urged apart by the spring 16’, thereby
presenting the maximum diameter D.

Thus, there is provided by the present invention
a self-adjusting inspection apparatus for
inspecting bolt-holes of diameters which vary
between a predetermined minimum diameter d
and a predetermined maximum diameter D. The
particular range of inspection is determined by the
probe configuration. More particularly, the probe
head is chosen to present an acceptable,
predetermined, minimum diameter d. Then the
length and angle of the ramp portion is chosen to
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present a maximum available probe head diameter 100

D. Similarly, the axial length of the shaft slot and
its width are chosen to provide the desired
minimum and maximum probe head diameter.

Although, for the purposes of clarity, the
present invention has been described in
connection with a one-piece shaft structure it is to
be appreciated that the probe need not be
integrally formed. In this connection, for certain
applications, the probe head may simply be
coupled, for example, threaded, to the shaft. Also
the probe shaft may be coupled to the operator
means through a conventional connector
structure. Indeed, for many applications, such
modular construction is desirable for cost and
flexibility reasons.

Also, although it is preferable that the shaft
include a slot therein for allowing the necessary
adjustment and for ensuring that the sensor
contacts the bolt-hole interior at a nearly normal
inspection angle, such slot is not essential. For
example, the probe head may simply comprise a
pair of cooperating sections which are pivotably
connected at the bottom of the shaft (not shown).
Further, although the probe head has been shown
as comprising a pear-shaped structure separated
into two substantially identical sections, the
cooperating probe sections needs not be identical.
For example, when use in the conventional rotary
eddy current technique, it is only necessary that
the sensor make firm contact with the interior of
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the bolt-hole. Accordingly, the probe section
which does not include the sensor functions only
as a means for imparting biasing force to the
sensor bearing probe section.

The self-adjusting inspection apparatus of the
present invention is not limited to the eddy current
inspection of bolt-holes. Indeed, the present
invention is generally applicable to the inspection
of any aperture within a predetermined size range
between a minimum inspection dimension and a
maximum inspection dimension. In this
connection, the apertures to be inspected need
not be circular in cross section: the apparatus is
well suited for the inspection of irregular cross
sections. For example, if desired, the apparatus
can be employed to inspect apertures of square or
rectangular cross section. For inspecting such
noncircular cross section apertures, it is only
necessary that the probe head be of a
configuration which corresponds to the cross
section of the aperture to be inspected. Thus, in
the case of a square cross section aperture, the
probe head may be box-shaped. Such square and
rectangular cross section apertures would not be
amenable to rotary inspection but would, of
course, be amenable to both static and dynamic
inspection.

Also, although the probe apparatus of the
present invention has been illustrated in Figures
1—3 with a ramp loading means inside diameter
(ID) smaller than the minimum diameter d, for
certain applications, the ID may be equal to, or
greater than the minimum diameter d. However,
for such applications, the probe apparatus may not
have the wide range of axial inspection capability
provided by the probe apparatus of Figures 1—3.

CLAIMS

1. Self-adjusting inspection apparatus for
inspecting apertures of a predetermined size range
between a minimum inspection dimension and a
maximum inspection dimension, which comprises:

probe shaft means having a pair of opposing
ends and a midsection with one of said opposing
ends adapted to be coupled to operator means
and the other of said opposing ends including a
ramp portion of generally increasing cross section
with respect to the cross section of said
midsection;

probe head means coupled to said probe shaft
means at said ramp portion remote from said one
opposing end, said probe head means being
adjustable over the predetermined size range
between the minimum dimension and maximum
dimension, said probe head means including at
least two cooperating sections coupled together
through first biasing means which normally urges
said sections away from each other toward the
maximum dimension and which when urged
together present the minimum dimension;

ramp loading means slidably positioned around
said ramp portion and having an inside dimension
such that as said ramp loading meand slides along
said ramp portion from said one opposing end of
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said shaft means toward said probe head means corresponding to boit-hole to be inspected and in
said two cooperating sections are caused to be which said probe head means includes at least
urged together and the minimum dimension is 35 one sensor element disposed at said perimeter.
approached; and 5. Self-adjusting inspection apparatus in

5  second biasing means positioned around said accordance with claim 4 in which said sensor
midsection and coupled to said ramp loading element comprises an eddy current sensor. :
means for normally urging said ramp loading 6. Self-adjusting inspection apparatus in .
means to a position around said ramp portion at 40 accordance with claim 2 in which said firstand =
which said two cooperating sections are urged second biasing means comprise first and second ,

10 together wherein said probe head means presents springs, respectively. )
the minimum dimension and wherein insertion of 7. Self-adjusting inspection apparatus in
said probe head means into said aperture to be accordance with claim 6 in which said ramp
inspected compressed said second biasing means 45 loading means comprises a cup having cup arms
and causes said ramp loading means to slide to a which extend toward said probe head means in

15 position around said ramp portion at which said generally parallel relation to the longitudinal axis
two sections are urged away from each other of said probe shaft means.
wherein said probe head means presents a 8. Self-adjusting inspection apparatus in
dimension which corresponds to the inspection 50 accordance with claim 7 in which spring retainer
dimension of said aperture to be inspected. means is disposed between said second spring

20 2. Self-adjusting inspection apparatus in and said cup for coupling said second spring to
accordance with claim 1 in which said apertures said cup.
comprise bolt-holes and in which said minimum 9. Self-adjusting inspection in accordance with
and maximum inspection dimension comprise 55 claim 6 in which said probe shaft means
minimum and maximum inspection diameters, midsection has a generally circular cross section.

25 respectively. : 10. Self-adjusting inspection apparatus in

3. Self-adjusting inspection apparatus in accordance with claim 5 in which said inside
accordance with claim 2 in which said probe shaft dimension of said ramp [Qading means is smaller
means include an axial slot extending at least 60 than said minimum inspection dimension.
partially therethrough. 11. A self-adjusting inspection apparatus for

30 4. Self-adjusting inspection apparatus in inspecting apertures substantially as hereinbefore

accordance with claim 2 in which said probe head
means is pear-shaped with a perimeter

described with reference to and as illustrated in
the accompanying drawings.
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