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Patented Nov. 1, 1966 

3,281,995 
MACHINE TOOL 

Alfred T. Parrelia, Newtown, and Gene R. Gagliardi, 
Bethany, Conn., assignors to Farrel Corporation, An 
Sonia, Conn. 

Fied Dec. 20, 1963, Ser. No. 332,018 
17 Claims. (C. 51-165) 

This invention relates to machine tools and relates 
more particularly to machine tools having means for 
aligning a longitudinally extending workpiece with respect 
to a reference axis of the machine. 
The invention may be employed to advantage in roll 

grinding machines and will, therefore, be disclosed with 
reference to such a machine. A roll grinder in which this 
invention may be embodied is disclosed in U.S. Patent 
No. 3,088,250. 
Over a period of time mill rolls used in steel mills for 

rolling steel will wear beyond permissible operating limits. 
This wear necessitates the regrinding of these rolls to pro 
vide the rolls with the surface characteristics necessary 
for proper operation of the rolls in steel mills. When a 
roll requires regrinding, it may be placed on a grinding 
machine such as that shown and described in the afore 
mentioned patent with the axis of the roll substantially in 
parallelism with a reference axis of the machine, which 
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reference axis is parallel to the path of travel of the grind 
ing wheel of the machine. In practice it is seldom, if 
ever, possible to initially position a roll in the grinding 
machine in such a manner that its axis is within the de 
sired degree of parallelism with a reference axis and the 
path of travel of the grinding wheel. The difficulty in 
positioning a roll within the desired degree of parallelism 
is often due to uneven wear of the roll journals with re 
spect to each other. This difficulty may also be due to 
the roll journal supports of the grinding machine not being 
properly positioned to align the axis of the roll with the 
path of travel of the grinding wheel. 
This invention provides a new and improved machine 

of the character described which detects the center of each 
roll journal and the horizontal distance of each journal 
center with respect to a reference axis and actuates drive 
means to move one end of the roll together with the 
journal support in a direction and a sufficient distance so 
that there is no difference in the detected distances of the 
journal centers from the reference axis. 
The invention provides new and improved means in 

corporated in a roll grinder, for example, adapted to be 
operatively positioned with respect to each roll journal to 
detect the center thereof, simultaneously measure the 
distance of each roll center from a reference axis, and 
provide an indication of any difference in such distances. 
The indication of such differences may be visually ob 
served and corrective action initiated manually, or auto 
matic means may be provided which is responsive to the 
detected error and operative to correct such error. 

Accordingly, it is an object of this invention to provide 
a new and improved apparatus for detecting misalign 
ment of a longitudinally extending workpiece with re 
spect to a reference axis. 
Another object of this invention is to provide a new 

and improved means in a roll grinding machine which 
detects misalignment of a roll thereon with respect to 
a reference axis, and is further effective to correct such 
misalignment. 
A further object of this invention is to provide new and 

improved means for detecting the center of a cylindrical 
object and yielding an indication indicative of the distance 
of the detected center from a reference axis. 
The features of the invention which are believed to be 

novel are pointed out with particularity and distinctly 
claimed in the concluding portion of this specification. 
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2 
However, the invention both as to its organization and 
operation together with further objects and advantages 
thereof may best be appreciated by reference to the fol 
lowing detailed description taken in conjunction with the 
drawings, in which: 

FIG. 1 is plan view of a roll grinding machine which 
incorporates the invention; 

FIG. 2 is a front elevation of machine in FIG. 1; 
FIG. 3 is an end view of the illustration of FIGS. 1 and 

2 as viewed from the right side; 
FIG. 4 is a view similar to FIG. 3, but with certain 

parts shown in section; 
F.G. 5 is a sectional view seen along line 5-5 of 

FIG. 4; 
FIG. 6 is a view similar to FIG. 4 in illustrating roll 

jounal center detecting means, but illustrating an alternate 
embodiment thereof; 

FIG. 7 is a diagram in block form of electrical measur 
ing means for detecting differences in distance of the roll 
axis with respect to a reference axis, and prime mover 
means for aligning said axis; 
FIG. 8 is a view similar to FIG. 4, which illustrates 

another embodiment of the invention; and 
FIG. 9 is a diagram, partly schematic and partly in 

block form of electrical means for detecting and correct 
ing misalignment of a roll axis using the measuring de 
vice shown in FIG. 6. 
The invention may be embodied in a roll grinder gen 

erally indicated by the reference numeral 10 comprising 
a bed or frame 1 having thereon ways 12 and 13, in 
turn having mounted thereon a grinding assembly 14 
movable in either direction along the ways. The grind 
ing assembly 14 includes a grinding wheel 15 adapted 
to operate upon a mill roll 16. Roll 16 is supported at 
each end thereof at journals 17 and 18 on journal or 
neck supports 19 and 20, respectively. 

Roll 6 is adapted to be turned on supports 19 and 20 
by a drive motor 21 through suitable gearing means 22. 
Journal 18 of roll 6 is suitably chucked to a head stock 23. 
Means are provided on journal support 19 to move 

roll neck or journal 17 towards or away from grinding 
wheel 5 to properly align the axis of the roll with respect 
to the path of travel of grinding wheel 15. 

Journal 17 is mounted on support 19 by means of bear 
ings 25 and 26 (FIG. 3). Bearing 25 is mounted in the 
main body 27 of support 19 and bearing 26 is carried in 
an arm 28 pivotally mounted to body 27, as indicated at 
29. Roll support body 27 is positionable along bed 30 
on ways. Arm 28 is pivotal with respect to body 27 to 
allow adjustment of bearing 26 in a horizontal direction as 
viewed in FIG.S. 3 and 4 and thereby allow horizontal 
adjustment of the axis of roll 16. 
Power drive means are provided to predetermine the 

position of arm. 28. The drive means comprises a motor 
31, carried on body 27, which drives a gear 32 through 
a pinion 33 on the motor shaft. Gear 32 drives a lead 
screw 34. Rotation of lead screw 34 produces upward 
or downward movement of nut 36 thereon dependent upon 
the direction of rotation of motor 31. Movement of nut 
36 operates link 37. Link 37 is keyed to and operates to 
rotate eccentric shaft 38. Carried on shaft 38 is a pair 
of links 39 (only one shown) which are pivoted at the 
other end thereof to arm 28 at 41. Rotation of eccentric 
shaft 38 will produce rotative motion of arm 28 about 
Sivot 29. This rotative motion of arm 28 causes neck 
support bearing 26 mounted in arm 28 to move inwardly 
or outwardly with respect to grinding wheel 15 to move 
journal 17 toward or away from the grinding wheel 15. 

Extending upwardly from the body 27 of each journal 
support is an upright member 43 which comprises oppo 
sitely disposed wall portions 44 and 45 extending above 
journal 17 a suficient distance for the purposes herein 
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after described. Wall portions 44 and 45 fixedly carry 
therebetween a shaft rotative means such as a fluid motor 
47 secured to a cylindrical object center-detecting assem 
bly 48. Assembly 48 comprises a member 49 having se 
cured thereto fluid motor 47 to allow pivotal movement of 
assembly 48 about the axis of shaft 46. Mounted in and 
extending from member 49 are parallel guide shafts 50 
and 51 which slidably carry thereon a member 52 on bear 
ing means 53. Member 52 carries a centering device 
which comprises a generally symmetrical U-shaped mem 
ber 55 having roller probes 56 and 57 at either end there 
of adapted to contact the surface of a cylindrical object, 
here shown as journal 17. Member 55 is vertically mov 
able with respect to member 52 by means of a stem 58 
slidably mounted in bearing means 59 carried by member 
52. Biasing means shown as a spring 61 is provided be 
tween member 52 and member 55 to normally urge mem 
ber 55 downwardly towards engagement with a cylindrical 
object. 
Mounted in arm portion 63 of member 52 is a ball nut 

and screw assembly 64 comprising a nut 64a and Screw 
thread 64b on shaft 65. Antifriction bearing elements 
in the form of balls are provided between the mating 
threads of the nut and screw to essentially eliminate fric 
tion therebetween. Shaft 65 is rotatably mounted in bear 
ing means 66 on arm portion 67 of member 49 and cou 
pled at 68 to the shaft of an encoder 69 carried on mem 
ber 49 at 70. 
With the construction disclosed, it may be seen that as 

member 52 moves on guide rods 50 and 51, nut 64 will 
have linear movement with respect to screw 64b and by 
virtue of the ball connection therebetween such linear 
movement of nut 64a will produce rotation of shaft 65 
proportional to the linear movement of nut 64a. 

In the device shown in FIGS. 4 and 5, the roller probes 
56 and 57 are symmetrically disposed on either side of the 
vetical center line of member 55, which coincides with the 
axis of stem 58. Therefore, when both of roller probes 
56 and 57 are seated on the cylindrical surface of journal 
17, the axes of the rollers are radially equidistant from the 
center of journal 17 and form equal angles with the center 
line through stem 58. At this time the center line of 
stem 58, which is the vertical center line of member 55 
passes through the center of journal 17. The travel of 
member 52 on guide rods 50 and 51 to properly seat 
probes 56 and 57 is a measure of the horizontal distance 
between the axis of shaft 46 and the center of journal 
17. As hereinafter described, the motion or rotation of 
shaft 65 is used to properly align the axis of roll 16 with 
respect to the axis of travel of grinding wheel 15. Stop 
ping means is provided in the form of a lug 43a on 
member 43 to engage the under surface of member 49, 
as viewed in FIG. 3, to maintain assembly 48 and guide 
rods 50 and 51 horizontal when assembly 48 is rotated 
into operative position from the position show in broken 
line (FIG. 4). 

FIGS. 3 and 4 illustrate a center locating device wherein 
the location of the center is signalled by rotation of shaft. 
65. Shaft encoders which produce a digital or pulse 
output proportional to rotation of a shaft are well known 
to those skilled in the art and may be utilized in the 
present invention as hereinafter described. 
FIG. 6 illustrates an alternate embodiment of the in 

vention wherein the longitudinal movement of a mem 
ber 50' is detected by a linear variable differential trans 
former 72. As well known to those skilled in the art, 
and hereinatfer exemplified in FIG. 9, a linear variable 
differential transformer is a transformer designed with 
two secondaries that are so arranged that at some position 
of a movable core, the output from each individual secon 
dary is of equal amplitude and phase relation. The secon 
dary windings are connected in series opposition so that 
the outputs cancel. The secondary windings are distrib 
uted in such a manner that any physical displacement of 
the core causes the voltage in one secondary to increase 
while simultaneously reducing the voltage in the other 
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Secondary. The difference between the two voltages ap 
pears across the output terminals of the serially opposed 
Secondaries and gives a measure of the physical position 
of the core. By detecting the magnitude of the output 
and the phase difference between the primary excitation 
voltage and the output voltage, linear movement of the 
core is detected. Such motion transducers are available 
from many sources, one of which is Daytronic Corpora 
tion of Dayton, Ohio, whose model 102B-160 linear 
variable differential transformer has been satisfactorily 
utilized in a structure exemplified in FIG. 6. 

In utilizing the apparatus as shown in FIG. 4 a roll to 
be ground is first placed on the journal supports 19 and 20 
and a centering assembly 48 on each of the journal sup 
ports is pivoted about its respective shaft 46 from the posi 
tion shown in broken line in FIG. 4 to a position similar 
to that shown in full line in FIG. 4. It will be understood 
that initially member 52 is at its furthest degree of travel 
to the left as viewed in FIGS. 4 and 5. Then member 55 
is urged downwardly towards journal 17 under the bias 
of spring 61 and roller probes 56 and 57 will seek the 
lowest possible location on journal 17. This lowest possi 
ble location occurs when both roller probes 56 and 57 
have their axes equidistant from the center of roll 16. To 
assume such a position of member 55 it is necessary for 
member 52 to move to the right, as viewed in FIGS. 4 
and 5, causing nut 64a to move along screw 64b. This in 
turn produces rotation of screw 64b in shaft 65 propor 
tional to the linear distance travelled by nut 64. Rotation 
of shaft 65 in a preferred form of the invention causes 
encoder 69 to produce a plurality of pulses proportional 
in number to the linear movement of member 52. There 
fore, the pulse output of encoder 69 is indicative of the 
horizontal distance between the axis of shaft 46 and 
the center of journal 17. In a similar manner, apparatus 
like that shown in FIGS. 4 and 5 is carried on roll Sup 
port 20 and will yield the same information. 

It will be understood that the axes of the shafts 46 on 
both of the journal supports coincide and such coincident 
axis is parallel to the path of travel of grinding wheel 15 
along ways 12 and 13. Therefore, any difference in the 
outputs of shaft encoder 69 on journal support 17 or shaft 
encoder 69, FIG. ', on journal 18 is indicative of the 
deviation in the axis of roll 16 with respect to the path 
of travel of grinding wheel 15. Such difference may be 
detected in a number of ways known to those skilled in 
the art. One exemplary way is to apply the pulse output 
of both of the shaft encoders to a comparator 75 (FIG. 
7) in the form of a bidirectional counter to determine the 
difference. The error then appears as the resultant num 
ber in the counter. This number in the counter is then 
converted to a pulse frequency by number-to-frequency 
converter 76 and subsequently converted to a voltage by 
a digital-to-analogue converter 77. The votlage may 
then be read on a visual-indicating meter and the opera 
tor manually operates motor 31 to move journal 17 to 
ward or away from grinding wheel 15 until the axis of 
roll 16 is parallel to the line of travel of grinding wheel 
15 and also the axis defined by shafts 46. At such time 
the visual-indicating meter 78 would show zero error. 
Alternatively, the number in the comparator 75 might 
be read directly by a suitable read-out means. In another 
alternative, the motor 31 may be automatically operated 
through an amplifier 79 which is sensitive to both the 
magnitude and the direction of the error. In this last 
mentioned arrangement the axis of the roll 16 would be 
automatically aligned with the reference axis. Automatic 
or manual control systems for eliminating any difference 
in the distance of the center of each journal from a ref 
erence point are known to those skilled in the art and 
various other systems and electrical components may be 
utilized. 

It is to be understood that journal support 20, not 
illustrated in detail, supports journal 18 in a similar man 
ner to that shown for journal 17. However, it is not nec 
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essary to provide means, such as arm 28, to move journal 
18 toward and away from grinding wheel 15. 

In the embodiment of the invention shown in FIGS. 
4 and 5 the assembly 48 may be arranged to be pivoted 
about the pin 46 by means of the fluid motor 47. In 
another embodiment of the invention the center-detecting 
and signalling means are arranged to be raised and low 
ered by means such as a hydraulic cylinder. As exempli 
fied in FIG. 8 a center-detecting means 80 and an indicat 
ing means, again in the form of a shaft encoder 81, are 
carried on an arm 82 which is mounted to a shaft 83 
rotatably carried by a journal support member 84. Shaft 
83 has a gear 85 thereon drivably engaged by a worm 86 
driven by a motor 87, also mounted on journal support 
84. The motor 88 is effective to rotate arm 82 on shaft 
83 to aid in positioning centering assembly 80 on roll 
journal 88. The centering assembly is movable vertically 
by means of a cylinder 89 which comprises arm 82. 

In operation, the center-detecting means 80, together 
with the indicating means, is moved in a vertical direc 
tion towards or away from the roll journal 88 by means 
of cylinder 89 and when the center-detecting assembly 
and indicating means are not required motor 87 may be 
energized to move this assembly from the roll journal to 
a position as shown in broken line. 

In FIG. 8 it may be seen that the structure of the 
detecting means 80 varies slightly from the structure of 
the detecting means shown in FIGS. 4 and 5. Likewise, 
the encoder carrier of FIG. 8 differs slightly from that 
of FIGS. 3, 4 and 5. However, the construction and 
operation of the apparatus of FIG. 8 will be apparent 
from the foregoing descriptions. 

FIG. 9 illustrates another electrical measuring system 
using linear variable differential transformers 72 and 
72 to measure the distances of the journal centers from 3 
a reference axis. Here the measured distances as detected 
in discriminators 90 and 91 are compared in a comparator 
92. The resultant error may be visually indicated on 
a meter 93 and a manual motor control 94 actuated to 
operated motor 31. Alternatively, an amplifier 95 may 
be utilized to sense the direction and magnitude of the 
error and operate motor 31 to nullify the measured error 
and thereby align the roll axis with respect to a reference 
axis. The discriminators 90 and 91 compare the magni 
tudes and phases of the primary voltage of alternating 
current source 96 with the magnitudes and phases of the 
secondary votlages of transformers 72 and 72, respec 
tively. The discriminators 90 and 91 then yield a signal 
indicative of movement of cores 72a and 72b respectively. 

It may thus be seen that the objects of the invention set 
forth, as well as those made apparent from the preceding 
description are efficiently attained. Other embodiments 
of the invention as well as modifications to the disclosed 
embodiments of the invention may occur to those skilled 
in the art for practicing the invention. Accordingly, it 
is intended to cover in the appended claims all embodi 
ments and modifications of the invention which do not 
depart from the spirit and scope of the invention. 
What is claimed is: 
1. In a machine tool of the type wherein a workpiece 

having generally cylindrical surfaces is supported at either 
end thereof and arranged to be axially aligned with a 
reference axis, the improvement comprising; means for 
detecting the center of a workpiece adjacent either end 
thereof, support means including guide means, said de 
tecting means being movable on said guide means in a 
direction substantially perpendicular to the axis of a 
workpiece whose center is to be detected, and means re 
sponsive to movement of each of said detecting means 
for indicating the distances of the detected centers from 
a reference axis. 

2. In a machine tool of the type wherein a workpiece 
having generally cylindrical surfaces is supported at 
either end thereof and arranged to be axially aligned 
with a reference axis, the improvement comprising; means 
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6 
for detecting the center of a workpiece adjacent either 
end thereof, means actuated by each of said detecting 
means for indicating the distances of the detected cen 
ters from a reference axis, and means responsive to differ 
ence in the indicated distances for moving one end of 
the object until the difference is zero. 

3. In a roll grinder of the type wherein a mill roll is 
supported on journal ends thereof on journal supports 
and arranged to be axially aligned with a reference axis, 
the improvement comprising; means for detecting the 
center of each journal at its journal support, Support 
means including guide means, said detecting means be 
ing movable on said guide means in a direction substan 
tially perpendicular to the axis of a mill roll supported 
on the grinder, and means responsive to movement of 
each of said detecting means for indicating the distance 
of the detected centers from a reference axis. 

4. The apparatus of claim 3 further including means 
for moving one of the journal supports to eliminate any 
difference in the distance of the detected centers from 
the reference axis. 

5. The apparatus of claim 3 including means for com 
paring the distances of the detected centers from the ref 
erence axis and means responsive to said comparing means 
for moving one of the journal supports to essentially elim 
inate the difference. 

6. In a machine tool of the type wherein a workpiece 
having cylindrical surfaces is supported at either end 
thereof and arranged to be axially aligned with a ref 
erence axis and wherein means are provided for Sup 
porting the workpiece adjacent either end thereof, the 
improvement comprising; means for detecting the cen 
ter of the workpiece adjacent either end thereof, means 
actuated by each of said detecting means for indicat 
ing the distance of the detected centers from a reference 
axis, means responsive to each of said indicating means 
for deriving a representation of the difference in the dis 
tance of the detected centers from the reference axis, and 
means responsive to the representation for moving one 
of the supports until the difference in the distance of the 
detected centers from the reference axis is zero. 

7. A device for detecting the center of a cylindrical 
object comprising a member movable perpendicular to 
a reference axis, said member carrying thereon probe 
members arranged to engage a cylindrical surface on op 
posite sides of the center of the cylindrical surface, said 
probe members being symmetrically disposed with respect 
to a vertical center line and movable in a second di 
rection perpendicular to the reference axis so that when 
said probes contact the cylindrical surface the vertical 
center line passes through the center of the cylindrical 
surface, and means for detecting the first perpendicular 
movement of said member to seat said probes on the cylin 
drical Surface. 

8. In a machine tool of the type wherein a workpiece 
is supported at either end thereof and arranged to be 
axially aligned with a reference axis and wherein means 
are provided for supporting the workpiece adjacent either 
end thereof, the improvement comprising; means for de 
tecting the center of the workpiece adjacent either end 
thereof, means actuated by said detecting means for in 
dicating the distance of the detected centers from a ref 
erence axis and means responsive to said indicating means 
for deriving a representation of the difference in the dis-, 
tance of the detected centers from the reference axis. 

9. The apparatus of claim 8 wherein said means for 
detecting comprises a member movable horizontally per 
pendicular to the reference axis, said member having 
thereon probe members arranged to engage a cylindri 
cal surface, said probe members being Symmetrically dis 
posed with respect to a vertical center line so that when 
said probes contact the cylindrical surface the vertical 
center line passes through the center of the cylindrical 
surface. 

10. The apparatus of claim 9 wherein said means for 
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detecting is pivotally mounted on the machine tool for 
movement toward and away from the cylindrical Sur 
face. 

11. In a roll grinder of the type wherein a mill roll is 
Supported on journal ends thereof on journal Supports 
and arranged to be axially aligned with a reference axis 
and wherein means are provided for supporting the work 
piece adjacent either end thereof, the improvement com 
prising; first and second means for detecting the center 
of each journal, each of said means for detecting being 
pivotally mounted on the grinder about a common axis 
and each adjacent a journal so that said means for de 
tecting may be pivoted into or away from engagement 
with an associated journal to allow a roll to be placed 
on and removed from the support, each of said detec 
ing means being linearly movable substantially perpen 
dicular to the axis of a mill roll to locate the center 
thereof, and means responsive to movement of each of 
said detecting means from a reference line to indicate 
the distance of said detecting means from said refer 
ence line. 

12. The apparatus of claim 11 wherein said means for 
detecting comprises a member movable horizontally and 
perpendicular to the reference axis, said member hav 
ing thereon probe members arranged to engage a cylin 
drical surface, said probe members being symmetrically 
disposed with respect to a vertical center line so that 
when said probes contact the cylindrical surface the 
vertical center line passes through the axis of the cylin 
drical surface. 

13. A device for detecting the axis of a cylindrical 
object comprising means for supporting a cylindrical ob 
ject, a probe member having depending probe arms sym 
metrically disposed on either side of a center line, said 
arms being adapted to engage the peripheral surface of a 
cylindrical object, a probe carrying member, a mount 
ing member carried on said means for supporting a 
cylindrical object, guide means carried by said mounting 
member, said probe carrying member being movable on 
said guide means, biasing means interposed between said 
probe member and said probe carrying member urging 
said probe member away from said probe carrying mem 
ber and toward an object whose center is to be detected 
so that when one of said probe arms contacts a cylin 
drical object, said biasing means acts to urge both said 
arms into engagement with the object on either side of 
the axis thereof and equidistant therefrom and said mount 
ing member is moved on said guide means. 

14. A device for detecting the axis of a cylindrical ob 
ject comprising means for supporting a cylindrical ob 
ject, a probe member having depending probe arms Syn 
metrically disposed on either side of a center line, said 
arms being adapted to engage the peripheral surface of 
a cylindrical object, a probe carrying member, a mount 
ing member carried on said means for supporting a cylin 
drical object, guide means carried by said mounting mem 
ber, said probe carrying member being movable on said 
guide means, biasing means interposed between said probe 
member and said probe carrying member urging said 
probe member away from said probe carrying member 
and toward an object whose center is to be detected so 
that when one of said probe arms contacts a cylindrical 
object, said biasing means acts to urge both said arms 
into engagement with the object on either side of the 
axis thereof and equidistant therefrom and said mount 
ing member is moved on said guide means, and means 
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8 
for measuring the position of said probe means with re 
spect to a reference line. 

15. A device for detecting the axis of a cylindrical 
object comprising means for supporting a cylindrical ob 
ject, a probe member having depending probe arms sym 
metrically disposed on either side of a center line, said 
arms being adapted to engage the peripheral surface of 
a cylindrical object, a probe carrying member, a mount 
ing member carried on said means for supporting a cylin 
drical object and including guide means, said probe car 
rying member being movable on said guide means, bias 
ing means interposed between said probe member and 
said probe carrying member urging said probe member 
away from said probe carrying member and toward an 
object whose center is to be detected so that when one 
of said probe arms contacts a cylindrical object, said 
biasing means acts to urge both said arms into engage 
ment with the object on either side of the axis thereof 
and equidistant therefrom and said mounting member is 
moved on said guide means, said mounting member be 
ing pivotally mounted to said means for supporting a 
cylindrical object. 

16. A device for detecting the axis of a cylindrical ob 
ject comprising means for supporting a cylindrical ob 
ject, a probe member having depending probe arms sym 
metrically disposed on either side of a center line, said 
arms being adapted to engage the peripheral surface of 
a cylindrical object, a probe carrying member, guide 
means carried by said means for supporting a cylindri 
cal object, said probe carrying member being movable 
on said guide means, biasing means interposed between 
said probe member and said probe carrying member urg 
ing said probe member away from said probe carrying 
member and toward an object whose center is to be de 
tected so that when one of said probe arms contacts a 
cylindrical object said biasing means acts to urge both 
said arms into engagement with the object on either side 
of the axis thereof and equidistant therefrom, and said 
mounting member is moved on said guide means. 

17. An element having probe arms symmetrically dis 
posed on either side of a center line, said arms being 
adapted to engage the peripheral surface of a cylindrical 
object, a support member for said element, means biasing 
said element away from said support member so that 
said probe arms may contact the peripheral surface of 
a cylindrical object and tend to seat themselves equally 
on either side of the axis thereof, mounting means, said 
mounting means including guide means, said support 
member being freely movable on said guide means in 
a direction substantially perpendicular to the direction 
of movement of said probe member by said biasing means. 
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