
Oct. 16, 1951 F. M. POOLE 2,571,161 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS m 

Filed Feb. 23, 1946 10 Sheets-Sheet 

5 RE EE 5 as EEEEEEEEEAEASEE.2 
23 

24 Lili IL EI IIHE, IE 

III SS 
It? 
1. 1 e A. E EAE-Eas Ski - 

SH 22 109 F-27 
ku 42 Y/9 
S saravatadata as a ava waaaaaar awaraS 

32S N23 
SN A. 

  

  

    

  

  

  

  

  



Oct. 16, 1951 F. M. POOLE 2,571,161 
AUTOMATIC RECORDINGTUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 l0 Sheets-Sheet 2 

i s | 

  



Oct. 16, 1951 F. M. POOLE 2,571,161 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 10 Sheets-Sheet 3 

s 
R 

1. A. Lic S 2 S U. S. 
s 

A A 

s 

s 2. 2O 
Z22ZZZZ22 / 

: S 

R t 
NSNS as 

IIHF 2. 

N N N 

sS N SN 
z2 2 

NSásfs. TS SNGELIEEE 
Z22272 yu 

N 
N 

Z S 

  

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  



2,571,161 

10 Sheets-Sheet 4 

M. POOLE 
AUTOMATIC RECORDING TUBE CALIPERS FOR 

F. 

INSIDE MEASUREMENTS WITHIN CYLINEDERS 

Oct. 16, 1951 

Filed Feb. 23, 1946 

No. 
  



Oct. 16, 1951 r F. M. POOLE 2,571,161 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 l0 Sheets-Sheet 5 

2. 
32% 
Y 2. 7 ZAIR As 
EY É% say 2. É SANSá 

ENTISLETE 
S2H2S %N3% ZNY 63%-5% 5N1$3.21% SS 

3. 
N S 
S 

N N 

ZSáL 256 N N KSWIEMNS N NA2. W NESN N33S 
s NSSSSS NIESN NYXZS 

A-1 N %22% 
N s SN 

N 
N 

S 

4. s 2 37 

& N 45 Z256).2/Z-13 A63-c 1 ?e-6- & ?ó. a. É (2-1-U-e---to-l. 
21.2% at //ave rec (7c4 f4 ey 

    

  

  

  

    

  
  

  

  

  

  

  

    

  

  

  



Oct. 16, 1951 F. M. POOLE 2,571,161. 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 10 Sheets-Sheet 6 

S 
ans-G-A- firm? are SN 

2444444242 

EQUI 
S * Yav. It WYas 

N 2 HR. I. It N DTEE NSSRSSSSSSSSNSSRSSNN. 

NA CZZZZZZZs s N> 

Z 

fe-G. M. Roe. 
2-vess. 

^a 2.s; 
: 

  



Oct. 16, 1951 F. M. POOLE 2,571,161 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITH IN CYLENDERS 

Filed Feb. 23, 1946 O Sheets-Sheet 7 

: 

awawa T 

arts 

Furt) 
2 4222.72222222222 as 22 % 

are a 2 2 Z 422 SSS 

ZZZZZZZZZZ4&NWS SSNX N2SN NENS S2's R NN N & SS SINSE s 
SN2%2 Nit Y Y &S : S. S 
ED Z S N 

S. Y s 

X NIN Š/ O agaN Ne N 2-4el W. Ro-42. 
SE KNZ ENzé $21-ul-e------. CD zSS2S SANS2 /76-723 Jea 

N N 

ul S. & S. S. & 23:...e5, 

  

  

  

  
      

  

  

  

  

  

  



Oct. 16, 1951 F. M. POOLE 2,571,161. 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 lO Sheets-Sheet 8 

FIG 9. 

14, SN ESS 26 2. 22 

^* is 13N /34 555 N." 246. S One (ZS 
YS.N. S. N 22 

780 52 %% 

FIG.18 150 las? 263 - 30 2 

% 

2 Sa-2 
WE KE 

2X s 

L 
a essa 

  

  

  

  

    

  

  

  

  

  

  

    

    

  

  

    

  

  

  

    

  

  



2,571,161 - F. M. POOLE 
AUTOMATIC RECORDING TUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Oct. 16, 1951 
10 Sheets-Sheet 9 Filed Feb. 23, 1946 

  

  

  



Oct. 16, 1951 F. M. Poole 2,571,161 AUTOMATIC RECORDINGTUBE CALIPERS FOR 
INSIDE MEASUREMENTS WITHIN CYLINDERS 

Filed Feb. 23, 1946 10 Sheets-Sheet lo 

.22. FIG.22. - a 
boggggggo RSF a 55 

t /52 
NAAAAAW FIG2 leg 69 vers 

70 
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UNITED STATES PATENT OFFICE 
AUTOMATIC RECORDING TUBE CALIPERS 
FORINSIDE MEASUREMENTS WITHIN CYLNDERS 

Foster M. Poole, Dallas, Tex. 
Application February 23, 1946, Serial No. 649,650 

(C1, 33-178) 20 Claims. 

This invention relates to measuring instru 
ments, and with regard to certain more Specific 
features, to automatic recording tube caliperS for 
inside measurements within cylinders. 
Among the several objects of the invention 

may be noted the provision of a measuring in 
strument in the form of an inspection fixture 
for conventiently and quickly determining, indi 
cating and registering inside sizes in automo 
tive cylinders and the like; the provision of a 
measuring instrument of the callss described ar 
ranged for gang operation. Whereby an entire 
group of cylinders in a given engine block or the 
like may be inspected simultaneously; the pro 
vision of apparatus of the class described in 
which the measurements taken during an opera 
tion are visibly continuously indicated and limits 
of deviation shown; the provision of apparatus 
of this class in which Symbols coordinated With 
deviations are physically recorded on the engine 
block or the like being measured; the provision 
of apparatus of this class Which provides diame 
tral measurements at given axial points in the 
cylinders and also measurements of taper, both 
of said measurements being obtainable in tWO 
perpendicular planes; and the provision of ap 
paratus of the class described which may be 
simply, conveniently and Speedily operated. 
Other objects will be in part obvious and in part 
pointed out hereinafter. 
The invention accordingly comprises the ele 

ments and combinations of elements, features of 
construction, and arrangements of parts which 
will be exemplified in the structures hereinafter 
described, and the scope of the application of 
which will be indicated in the following claims. 
In the accompanying drawings, in which one 

of various possible embodiments of the invention. 
is illustrated, 

Fig. 1 is a front elevation of the apparatus, 
parts being broken away; 

Fig. 2 is a right-side elevation of Fig. 1, parts 
being broken a Way, 

Fig. 3 is a fragmentary Section taken on line 
3-3 of Fig. 1 but showing an alternative posi 
tion of parts; 

Fig. 4 is a horizontal Section taken on line 4-4 
of Fig. 1; 

Fig. 5 is a horizontal Section taken. On line 5-5 
of Fig. 1; 

Fig. 6 is an enlarged detail section taken on 
line 6-6 of Fig. 4; 

Fig. 7 is an enlarged longitudinal Section of 
a transmitter, being taken on line - of Fig. 3; 

Fig. 8 is an enlarged detail section taken on 
line 8-8 of Fig. 2; 

Fig. 9 is a horizontal Section taken on line 
9-9 of Fig. 7; 

Fig. 10 is a detail section taken along lines 
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.0-ft) of Fig. 1 and of Fig. 11 and showing a 
recorder; - - - - 

Fig. 11 is a vertical section taken online - 
of Fig. 10; . 

Fig. 12 is a fragmentary front elevation of a 
single recorder dial; 

Fig. 13 is a view similar to Fig. 12 showing a 
moved position of certain parts; 

Fig. 14 is an enlarged elevation of a recorder, 
being viewed from line 4-4 of Fig. 1; 

Fig. 15 is an enlarged horizontal Section taken 
on line 5-f5 of Fig. 11, parts being broken away 
for condensation of the view; 

Fig. 16 is a plan view of a recorder unit, being 
taken on line 6-6 of Fig. 11, parts being 
broken away; 

Fig. 17 is an enlarged vertical Section taken on 
line - 7 of Fig. 1; 

Fig. 18 is a front elevation of Fig. 17, parts 
being broken away to show details; 

Fig. 19 is a horizontal Section taken on in 
9-9 of Fig. 18; 
Fig. 20 is a simplified circuit diagram; 
Fig. 21 is a wiring diagram of one of several 

recorders; 
Fig. 22 is a Wiring diagram for one of several 

Stencil motor drives; and, 
Fig. 23 is a detail of a roller-operated SWitch. 
Similar reference characters indicate corre 

Sponding parts throughout the several views o 
the dra WingS. - 
In my United States Patent 2,348,643, dated 

May 9, 1944, is disclosed in Fig. 1 a, measuring 
transmitter instrument for internal calipering of 
a cylinder. Several Similar transmitters are used 
in the present invention, operating in parallel 
in nulti-cylinder engine blocks. As may be seen 
from the patent and below, each transmitter 
which is indexed R, herein consists broadly in 
a cylindric body adapted to be introduced loosely 
into the cylinder to be measured. The trans 
mitter cylinder carries radially moving balls 
which traverse the inside of the cylinder to be 
measured, the balls being pressed outward by 
means of a pneumatically biased cone. The cone 
Controls the position of , a first armature which 
is Operative in a coil having two sections which 
are electrically bridged with two sections in a 
receiver coil in a recording meter. The coil 
Sections in the recording meter control a second 
arnature which in turn controls the meter ac 
COrding to the amount of unbalance introduced 
into the circuit by motion of the first armature, 
Thus inequalities in the Surface of the cylinder 
are Visually registered by moving the balls 
through the cylinder to be measured. The pres 
ent invention employs transmitters of this class 
in a Way Such as quickly visually to produce 
measurements and to register them for a group 
of cylinders, for example in eight cylinders of 
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an eight-cylinder engine block. Thus Such blocks 
may be quickly inspected for reliable quantity 
production. 
Referring now more particularly to Figs. 1-3, 

there is shown at numeral a foundation carry 
ing a fixed bed 3 which Supports a Wessel 5, the 
latter forming a liquid Sump. This Wessel is 
closed at the bottom by means of the head 1. 
Within the vessel 5 is a cylinder 9 which is also 
closed at the bottom by said head . This cyl 
inder 9 carries an elevating piston i? on the 
upper end of which is carried a hollow air-tight 
platen 3. Extending upward from the bed 3 
are four posts, two diagonal Ones of which are 
numbered 5 and the other two diagonal ones of 
which are numbered . The diagonally oppo 
site posts 5 act as guides through bearings 9 
formed at opposite corners of the platen f3. The 
posts do not pass through bearings in platen 
f3 but are free from it. 
All of the posts 5 and T Support a station 

ary fixture 2? in the top surface of which are 
located supporting roller bearings 22. This fiX 
ture 2 carries longitudinal guide means 23 and 
a manually rotary end stop 25 for predeter 
minately positioning on the rollers 22 an engine 
block 27 to be tested. The stop 25 may at Will 
be rotated counterclockwise (Fig. 2) to paSS a 
block that has been tested (see also the dotted 
position of 25 in Fig. 5). 
The block 27 under consideration has several 

bored cylinders 29 (eight in the present exam 
ple) which are to be checked for diameter size, 
roundness and taper. For this purpose the 
guides 23 and stop 25 are arranged to position 
the respective center lines of the cylinders sub 
stantially on the respective center lines of open 
ings 3 in the fixture 2 (see Figs. 2, 3, 5 and 8). 
The spacings of the center lines of the cylinders 
29 and those of the openings 3 are about the 
same, within tolerable limits, so that respective 
pairs of said openings 29 and 3 are in Substan 
tial alignment. The openings 3 are provided 
near their lower ends with hard steel or similar 
circular master gage rings 33, the inside diame 
ters of which are of the proper sizes intended 
for the diameters of the cylinders 29. Above the 
master gage rings 33 are hardened Steel guide 
sleeves 34 for purposes which will appear. These 
have inside diameters about equal to those of 
the respective gage rings 33. Gage rings 33 have 
oppositely disposed collars 36 and 38 which over 
lap where tangent as shown in Figs. 5 and 8. AS 
indicated in Fig. 3, which is a section at a right 
angle to Fig. 8, there is only one gage ring 
per opening, rings of alternate openings having 
the alternate collars shown in Fig. 8. Coaxial 
with the openings 3 are the cylindric transmit 
ters R, which are of the general type described 
in said patent, and more particularly of an im 
proved form such as shown in Figs. 7-9 herein. 

Referring to Figs. 7-9, each transmitter R con 
sists in an air-tight cylinder 35 attached to a 
hollow holder 37 by means of three posts, one of 
which is hollow as shown at 39 in Fig. 7. Each 
holder carries a flange 4 which is received in 
an opening 43 on the top of the hollow platen f3 
(see Figs. 1 and 7). Packing is used to make 
an air-tight connection as shown at 45. Each 
holder 37 is held upright by means of a holding 
ring 2 fastened to the top of the platen 3. Each 
is rotary in the top of the hollow platen 3. 
At the lower end of the air-tight cylinder 35 is 

a head 47 in which is a threaded adjusting mem 
ber 49. Member 49 backs a thrust bearing 51. 
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4. 
The upper end of the cylinder 35 carries a head 
53 from which extends a fixed tube 55, the lat 
ter passing through the bearing 5 and mem 
ber 49 into fixed engagement with the holder 3. 
A spring 57 forces an electromagnetic coil Con 
sisting of two sections 59 into engagement with 
the bearing 51. This provides for a zero adjust 
ment of the coil relatively to a slidable magnetic 
armature 6 in the fixed tube 55. The arma 
ture 6 is normally biased by a tension Spring 
63 in the tube 55. The spring is anchored in 
the holder 37 by a pin 4. The armature 6, by 
means of a fastening 65, is coupled to a non 
magnetic stem 67, the upper end of which car 
ries a flat disc 69. Below the disc is a bumper 
spring 6. Beyond the disc is located a hard, 
accurately tapered cone 7 which is held prisoner 
to the disc by means of a fastener T3. Fastener 
73 has a head 8 under which is held an inner 
shoulder O of the cone. The cone may move 
laterally on disc 69 but not endwise relatively 
thereto, although it may move endwise therewith. 
The cone may also rotate relatively to the disc. 
A thrust bearing 77 is located between the cone 
and the disc 69. 

Bearing radially against the cone are mem 
bers of a pair of oppositely located balls 8. 
These are held prisoner by means of threaded 
bushings 83. It will be clear that the radial posi 
tions of the balls 8 are determined by the axial 
position of the cone 7. Lateral holding of the 
cone 7 is determined by small balls 35, which 
are held in bushings 87 closed by means of 
threaded plugs 89. Additional balls 9i in bush 
ings 93 are biased toward the cone i? by springs 
f2, thus tending to hold the cone with its median 
plane in the median plane of the balls 8 f. The 
stated coplanar relationship is indicated by the 
dotted line M-P of Fig. 9. This is an important 
improvement in transmitters of this class. In 
previous two-point measuring devices of this type, 
Such coplanar relationship was not maintained. 
In the present case, once the proper adjustment 
of the plugs 89 has been made for the purpose, 
the median plane M-P of the cone 7 remains 
in the diametral plane common to the balls 8, 
irrespective of the longitudinal or rotary move 
ments of the cone. Stated otherwise, the cone T. 
is Cradled by the balls 85 in the proper median 
position and it is resiliently held in its cradled 
position by means of the resiliently mounted balls 
8. It will be noted that the bushings 33, 8; and 
93 are located in a head 95 held on member 53. 
At the end of this extension 95 is a guiding nose 
9. 
AS Will be seen later, each transmitter R ac 

complishes its measurements by a downward 
movement of the balls 8 through a cylinder 29. 
Thus the balls 8 will tend to rotate in the di 
rection shown by the arrows in Fig. 8 which is 
a direction tending to move the cone downward 
in Fig. 8. This tendency is overcome by the 
pressure effect of the air in the tube 55 tending 
to extrude the stem 67 from said tube. This 
tends to press the disc 69 and to keep the cone 
1 Snugly against the balls while expanding the 
latter into contact with the cylinder that is to 
be measured. Air is brought into the tube 55 
from the holder 37. The holder 37 is in com 
munication with compressed air inside of the hol 
low platen 3. The communication is through 
openings f4 of a bushing 16. A wire cable 06 
enters the bushing from the inside of the platen 
3. This cable 106 passes to the coil 59 via the 
hollow post 39. The cable, with the others serv 
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ing the transmitters, passes out of the platen 3 
through an airtight joint, as indicated at 8 in 
Fig. 3. Compressed air is fed to the inside of the 
platen 3 via connection. 20. 
From the above it will be seen that the traverSe 

of a set of opposite balls 8 down a cylinder 29 
will give diametral readings in a given plane. 
In order that diametral readings in a plane at 
90° may be obtained, the transmitters R have 
been made rotary in the top of the platen f3, the 
flanges 4 being rotary under packings. 45. In 
order to rotate the transmitters simultaneously, 
each holder 3 is provided with a lever () which 
at its outer end is mechanically coupled With a 
translation coupler bar 09, the latter having a 
pivoted handle . . . When the handle is 
thrown sidewise a predetermined distance, it will 
rotate all transmitters R through 90° (note the 
dotted lines in Fig. 4). 
In either 90° position of every transmitter R 

it is desirable that it be Oscillated through a 
slight angle as it traverses a cylinder so as to 
prevent undue localized wear on the respective 
balls 8. To accomplish this the handle is 
formed as a T, the head 24 of which swings 
vertically on the pivots 22 (Figs. 4 and 6). The 
head 24 of the T carries openings 26 and 28 
which are in effect, alternate followers for a hori 
Zontally rotary cam 30. This cam lies above 
the upper Surface of the platen 3. The cam is 
mounted on a cam shaft 32 which passes 
through an opening 34 in Said upper surface. 
This opening is suitably packed to prevent air 
leakage. The shaft 32 is driven by a motor 38 
and a gear reduction box 40. Thus in either of 
the 90° positions of the transmitters R, they are 
slightly rocked on vertical axes due to the driving 
action of the cam 30. The driving action is 
delivered to the transmitters R through the bar 
f24, pivots f 22, bar f09 and levers 07. As indi 
cated by the dotted lines in Fig. 4, the rocking 
action is effective in either position of the handle 

f. It will be understood that preliminary to 
moving the handle it is always raised so as 
to clear the cam 30, but at the end of an ad 
justment the handle is always again lowered SO 
as to place the cam 3 into a respective One of 
the openings 26 or 28. The cam is arranged 
to shift the transmitters R through 4 in an in 
terval of five Seconds. 

It will also be noted in connection with Fig. 
4 that the end of the coupler bar 09 in one posi 
tion of the transmitters R contacts a bar 42 of 
a gang of Switches. These Will be referred to 
later. - 

In their lowermost positions the transmitters 
R are as indicated in Figs. 1 and 2. In Such posi 
tions the balls 8 are against the hard steel gage 
rings 33 in the fixture 2? (See Fig. 8). These 
rings 33 are of such size that the balls 8 take 
up a position providing a zero reference, as will 
later appear. 
Supported by means of posts 2 on the bed 3 

is a platform 25 which carries a case 27 in 
which are spaced dial openings 29. Openings 
29 carry Zero index reference marks 3. Be 
hind each opening is an indicating unit of the 
type shown in Figs. 10-16. There are as many 
indicating units as cylinders to be tested, eight 
in the present example. Each unit has exposed 
behind the respective opening 29 a part of the 
periphery of a dial drum 33 which carries plus 
and minus index marks starting at the nominal 
cylinder size. Each dial drum 33 is rotary with 

- ancing motor 4. 
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6 
ried on bearings 46 located in an individual coms 
partment 48 Which is renovable from the rear 
of the case 27. Each dial is driven by a gear 3 
attached to shaft 35. Gear 37 is driven through. 
a gear train 39 leading from a two-phase bal 

The notor f4 is connected 
into the circuit illustrated in Fig. 21 wherein 43 
indicates an A. C. Supply line. This supply line 
143, through a transformer 45 and leads 4, 
Supplies an impedance bridge circuit including 
coil sections 59 and 52 and leads 48, 49 and 
f50. These leads are connected across said coil 
Sections 59 of the transmitter R, and acroSS COr 
responding sections 52 of a coil 5f. The arma 
ture 6 of the transmitter R is shown in Fig. 21. 
A corresponding armature 53 is a SSociated With 
the Sections 52 of coil 5A. As indicated in Fig. 
21, the center tap 60 on each pair of coil Sec 
tions 59 and 52 Supplies an input transformer 
55 via line 49. This input transformer 55 

feeds an amplifier 5, which through leads 59 
feeds one phase of the motor 4. The other 
phase of the motor is fed from the A. C. line 43 
via leads 6f. 
Connected with the gear 37 on the shaft 35 

is a pinion 63 which is meshed with a Sector 
gear 65 Swinging on a pivot 67. This sector 
gear 65 carries an arcuate shoe 69 over which 
is wrapped and connected a flexible band 7 such 
as a flexible steel ribbon. This ribbon is connect 
ed with the armature 53. The latter is biased 
by suitable means such as a Spring 70. 
Thus each motor 4 controls the position of 

its associated dial 33. When the feeler balls 
8 are held in a predetermined position for prop 
er diameter, as in the gage rings 33, the arma 
ture 53 may be considered to be in a position to 
hold its respective dial 33 at zero reference posi 
tion for nominal diameter opposite the corre 
sponding marker 3. Then, upon introducing 
the transmitter R, into a cylinder deviating from 
the desired nominal diameter, the feeler balls 8 
will change their radial positions, thus affecting 
movement of the cone so as to reposition the 
arnature 6. This unbalances the impedance 
bridge circuit so as to energize the input side of 
the transformer 55. Any small unbalance is 
amplified in the amplifier 5 and applied to 
leads 59 to one phase of the motor 4 , the other 
phase of the motor being energized over connec 
tion 6. Thus the motor 4 f is caused to repo 
sition the armature 53 to establish a new balance 
of the impedance bridge circuit. A low A. C. 
voltage arising from any minute unbalancing of 
the bridge is amplified Sufficiently to energize the 
balancing motor. The phase of this A. C. voltage 
is dependent upon the direction of the movement 
of the armature 6 to reestablish balance of the 
impedance bridge. The proper direction and 
amount of movement of armature 53 will re 
establish balance of the impedance bridge circuit. 
The balancing motor 4 is a reversible variable 

speed induction motor, one winding of Which is 
continuously energized by line voltage and the 
other energized by the amplified alternating volt 
age whose phase with respect to the line voltage 
determines the direction of rotation of the motor. 
Thus the phase is in effect recognized by the bal 
ancing motor 4 f, hence determining its direction 
of rotation. It is to be understood that any tWO 
phase motor will remain stationary when one of 
its phases is deenergized. Therefore whenever 
there is no energization of the connection 59 the 
motor f4 will be stationary. The result is that 

a shaft (35 being pinned at 44. Shaft 35 is car- 75 the motor action follows the measuring action of 
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the balls 81, in one direction for plus deviation. 
from nominal diameter and in the reverse direc 
tion for minus deviation from noiminal diameter. 
After each following action and balancing of the 
impedance bridge circuit, the dial drum 33 takes 
up a new position proportionately following the 
deviations from nominal diameter. 
A dished. Spring disc 3 serves to maintain co 

planar the thin sector gear 65 and the pinion 
gear 63. 
On opposite sides of the drum 33 are Station 

ary, gudgeons 83 and 85 which are respectively 
fastened to the sides of the compartment 48. 
Referring to the gudgeon 83, it carries rotary 
hubs (87 and 89 upon which are, respectively, 
pointers 9 and 93. The pointers 9 and 93 
pass out through the opening 92 and carry 
radially adjacent fingers 95 and 97, respec 
tively, next to the face of the dial 33 The 
pointers 9 and 93 are offset as shown at 99 
in Fig. 10 to provide an eye for receiving the 
end of an armature pin 209, When this pin is in 
the position shown in Fig. 16. The pointer 93 
goes under the pin and the pointer 9 over it. 
Since the hubs 87 and 89 are freely rotary 
On the gudgeon 83, pointers 9 and 93 will be 
moved by means of the pin 200 as the latter is 
moved with the drum 33. In order that the 
pointer 93 may be biased against the bottom 
of the pin 200, a weight 203 is provided to the 
rear of its hub 89. The pointer 9 is biased 
by its own weight against the top of the pin 200. 
The purpose of the pointers 9 and 93 is 

to obtain maximum and minimum readings, as 
indicated in Fig. 13. In order to have the pointers 
9 and 93 remain in moved positions of the 
Same, a magnetic clutch is provided consisting 
of a Stationary armature 205 on the gudgeon 83. 
In this clutch is a toric coil 207. U-shaped 
springs 209 normally bias apart the hubs 87 
and 89. These hubs 87 and 89 are magnetic. 
Hence when the coil 207 is energized, the hubs 
Will be drawn into light frictional engagement 
with the Springs 209. Therefore if and When 
either pointer 91 or 93 is positioned by the 
rotary action of the drum 33 and pin 200, the 
respective pointer Will maintain the maximum 
angular deflection to which it may be pushed 
in a given operation. Thus the pointers become 
maximum or minimum reading devices, whereas 
the dial drum 33 is a continuously reading de 
vice. Whenever the coil 207 is deemergized, the 
hubs' 87 and 89 are pushed apart by springs 
209 and become released from friction and fall 
back into their positions against the pin 200. 
The springs 209 are not absolutely necessary in 
all: designs of the apparatus, since magnetic 
clutches may be made to open without springs 
of this type. 
On the other side of the drum 33 and on 

gudgeon 85 are similar pointers 2 and 23, 
the latter being Counterweighted, as indicated at 
25. The pointers 2 and 23 carry fingers 2 T 
and 29, respectively. They are also bent to 
form between them an eye 22 for accommodat 
ing the opposite end 223 of the pin 200 when the 
latter is moved to the left from the position shown 
in Fig. 16. The portion of the eye formed by the 
pointer 23 goes beneath the pin and that formed 
by the pointer 2 if goes above the pin when the 
pin is moved. On the gudgeon 85 is a stationary 
clutch member 225 having a toric coil, 227 mag 
netically operative upon the magnetic hubs. 229 
and 23, respectively, of the pointers 2ff and 23. 
Spring clips. 233 serve to bias. apart the hubs 229 
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5 which Sweeps a commutator TT. 

8 
and 23. Energization of the coil 227 will draw 
together the magnetic hubs so as to provide light 
frictional clutch engagement to hold the pointers 
2 and 23 at maximum deflections. When re 
leased, the pointers 2 fl and 23 will gravitate 
against the end 223 of the pin 200, provided the 
pin is in a position to the left of that shown in 
Fig. 16. As above mentioned in connection with 
springs 209, the springs 233 may be omitted. 

Referring to Fig. 16, it is to be understood that 
the pin 200 when in the position shown will affect 
the pointers 9 and 93 for maximum readings 
by said pointers. When the pin is in its alterna 
tive position to the left, its end 223 is inserted 
into the eye 22 and its other end is withdrawn 
from the eye between the pointers 9 and 93. 
A Solenoid coil 65 carried on the drum 33 Serves 
to control the position of pin 200, the pin being 
movable through the center of the coil. Normally 
the pin 200 is biased to the operative position in 
connection with pointers 9 and 93, as shown 
in Fig. 16. This is when coil 66 is deenergized. 
This is due to return spring 68. 
Each drum 33 carries a brush contact 75 

The purpose 
of this is to set up electrical conditions for index 
ing a punch dial unit 50. There are as many dial 
units 50 as there are cylinders, namely, eight in 
the present example. These units are carried 
upon a shelf 52 extending over a pan rail 54 of 
the engine block being tested. 

In each unit 50 (Figs. 17-19) is a rotary punch 
dial 82 around the periphery of which are ver 
tically sliding punches 80, each being biased 

: upward into a retracted position by a spring 56 
(Fig. 17). Each punch carries on its lower face 
a Suitable mark or symbol to be made on the pan 
rail 54 of the engine block 27. The symbols on 
the punches correspond to off dimensions, as in 
dicated on the corresponding dial 33. Con 
Sidering, for example, the four symbols on each 
Side of the nominal dimension on a dial 33, there 
are nine Corresponding punches 30, one for each 
of the eight off-dimension Symbols and a cen 
tral one for the nominal dimension symbol. Also, 
the commutator resistor TT has a number of 
insulated segments 58, that is, a central one and 
four on each side, totaling nine. Between the 
SegmentS 58 are manually adjustable resistances 
60. These control the action of a respective po 
Sitioning motor 84. This motor through a shaft 
86 and a worm gear Set 88 controls the rotary 

position of the respective punch dial 82. Each 
motor 84 may be of the permanent magnet type. 
Coupled to each disc 82 is an arm 62 of a rheo 
stat64. 

In order to operate each of the motors 84 so 
as to turn the corresponding disc 82, each motor 
184 and corresponding rheostat 64 are placed 
in an electronic circuit such as shown in Fig. 22. 

Fig. 22 shows schematically one electronic re 
lay circuit whereby an action of a brush 75 on 
a commutator TT is accompanied by a follow-up 
action by a motor 84 to cause in turn a proper 
Setting of a punch-setting disc 82. There are 
eight of these circuits. Referring to said Fig. 22, 
Which shows one of these circuits, there is shown 
at numeral 20? a low voltage transformer fed 
from the A. C. power line 43. This transformer 
20 feeds a bridge circuit shown at the left of 
Fig. 22. This bridge circuit consists of the com 
mutator TT on one side and the resistance of 
the rheostat 64 on the other side. The ends of 
the commutator 77 and rheostat 64 are con 
nected by wires 204 which are fed from the trans 
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former 20 as shown. Brush 75 is electrically 
connected to arm 62 through the primary of a 
transformer 206. As has already been described, 

, the brush 75 is driven from the dial 33 and 
the arm 62 is driven from the motor 84. Motor 
84 is shown at the right in Fig. 22 and it is to 

be understood that it controls the position of 
62. A dash line has been drawn in Fig. 22 to 
indicate this fact, 
Transformer 206 Supplies the input for an am 

plifier circuit shown at the right which includes 
a center-tapped secondary of Said transformer 
206 forming at 208 an adjustable resistance. The 
latter is connected with the cathodes 2) of elec 
tronic tubes 2 f2 and 24. These tubes are of the 
gas-filled type 70L7-GT. The cathode heaters 
26 of these tubes are energized from the line 43 
through the transformer 20. 
A connection 222 feeds current through the 

adjustable resistance 208 to the cathodes 20, 
the circuit then being traceable to the plates 220 
and 224, respectively, of the tubes 22 and 24. 
The plate 220 feeds a relay coil 226 and plate 224 
feeds a relay coil 228. Coils 226 and 228 are Con 
nected to the other side of the line 43 by Wires 
230. The cois 226 and 228 control an armature 
232 which in turn controls a contact 235 of a 
reversing Switch 23 for the reversible motor 84. 
Condensers 234 damp the pulsating effects of the 
pulsating direct current flowing through the coils 
226 or 228. 
When the contactors 5 and 62 are in the 

same relative positions in the bridge of their 
members 7 and 64, respectively, no current will 
flow to the primary of the transformer 206. 
Hence there will be no output from the secondary 
of this transformer. However, according to the 
Setting of the rheostat 208, there will be a cer 
tain amount of current flowing through the tubes 
22 and 24 through the coils 226 and 228, re 
Spectively, thus holding the contact 235 in the 
mid position. By adjusting the rheostat 208, the 
current through the coils 226 and 228 may be 
made just below the required amount for either 
coil to draw over the armature 232. 
Then if the brush 75 is moved to the right or 

left, current will flow through the primary of 
the transformer 26 with a certain polarity. The 
ends of the Secondary of the transformer 206 will 
aSSume a corresponding polarity, thus making. 
the grid of one tube more positive and the grid 
Of the other tube more negative. The grids of the 
tubes 22 and 24 are indexed 239 and 24, re 
Spectively. Thus one tube is blocked and the 
other increases its feed with respect to its re 
spective one of the coils 226, 228. This closes the 
SWitch 23 in one direction. Thus for an un 
balanced condition of the bridge circuit due to 
movement of the brush 5, the current flowing 
through one of the tubes 22 or 24 increases 
While the other decreases. 
Moving the brush 75 to the left, for example, 

will make the brush 75 positive and the arm 62 
negative. Moving the brush 75 to the right will 
make the brush 5 negative and the arm 62 posi 
tive. Thus in effect the circuit of Fig. 22 is a 
polarized relay, the armature 232 closing the 
contact 235 to the left when brush 75 is moved 
to the left, and said contact 235 to the right 
when the brush 5 is moved toward the right. 
The condenser and resistance combination 243 
increases the efficiency of response by properly 
relating the phase of the input signal applied to 
the grids 239 and 24. 
As soon as the brush 75 is moved in a given. 
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direction, the motor 84 is moved in a direction 
to cause the arm 62 again to balance the bridge, 
at which time the contact. 235 Will reopen to 
Stop the motor. Motor action sets the punch disc 
82 in a proportion corresponding to the amount 

that the brush 75 has moved. This sets the 
proper punch 80 With the proper index chair 
acter over the pain rail 54. The respective index 
characters correspond to those on the dial 33. 
To give each properly set punch a blow so that 

it will register the proper Symbol on the pain rail 
54, a hammer unit is provided above each punch 
indexing unit. This hammer unit (FigS. 17 and 
18) consists of a vertical bearing 245 for a ham 
mer 24, the latter being normally biased up by a 
Spring 249. The upper end of the hammer 247 
is in a cylinder 25 which carries a closely fitting 
movable ball 253, for example 14 in. in diameter. 
This ball is biased upward by a conical Spring 
255. The ball 253 is periodically subjected to 
manually controlled air pressure of approximate 
ly 30 p.s. i. through a port 257. A second ball 
259, for example 1 in. in diameter, protrudes 
into cylinder 25 from the end of a port 26 
and is Subjected to manually controlled air pres 
sure of approximately 60 p.s. i. in said port 26. 
When the 30 p.s. i. pressure is applied in port 
257, the total pressure on the ball 253 becomes 
enough to push it past ball 259. As ball 253 
passes the center line of ball 259, the former is 
quickly accelerated to give a sharp blow to the 
top of hammer 247. This blow is transmitted to 
the punch 80, thereby causing the latter to mark 
the pain rail 54. After air release, the Spring 255 
returns the ball 253. The control of air preSSure 
in passages 257 and 26 will later be described. 

Referring now to Fig. 20, which shows a com 
plete schematic diagram of the apparatus for One 
set of parts, the remaining elements and opera 
tion will now be described. It will be understood 
that the several additional electrical parts are 
connected in parallel as required for additional 
transmitters and recorders but are not shown, for 
clarity of description. w 
Each engine block 27 to be tested is placed, 

with pan rails 54 up, on the rollers 22 and be 
tween the guides 23. The block is pushed into 
position against the stop 25 which is in the po 
sition shown in the Solid lines in FigS. 1, 2 and 5. 
In Fig. 5 the engine block is not in position but 
it is in position in Figs. 1 and 2. The fixture 2 
upon which the block is thus mounted may be 
referred to as an inspection table. The place 
ment of the engine block as described makes it 
possible upon raising the platen 3 to drive the 
transmitters R axially into the respective cylin 
ders of the block. This is done by admitting 
fluid from the Sump 5 to the cylinder 9 via pipe 
263. 
Switch A is a momentary-break Switch which is 

normally closed. It is fed from line 43 over 
Wires 30E and 303. It is for starting the rise of 
the platen 3 as will appear. This Switch A is 
connected to the load contacts 309 of a holding 
in relay R3 (see wire 305). Relay R3 is normally 
open. The coil 307 of this relay, in addition to 
a connection to a source of initial excitation, is 
connected in series with its own load contact 3.09. 
The source of initial excitation for this relay R3 
is a normally open limit Switch L1. Which is car 
ried upon the platen 3 and is operated to close 
by an upper ring-shaped cam 365. The circuit 
comprises wire 3 from line wire 335, SWitch 
L1, wires 3, 3, coil 30, wires 35, 3 f3 and 3 9, 
back to wire 337 of power circuit 43. The limit 

75 switch Li is normally open and becomes closed 
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at the top of the travel of the platen f3. It re 
opens on its way down in moving from the can 
365 so that it is again open at the lower end of 
its travel. 
A three-way solenoid valve W1, when deener 

gized by deenergization of relay R3, feeds a regul 
lated air supply to the sump 5 over pipe 323. 
Therefore, when switch A is opened (even ten 
porarily), relay R3 opens and will not reclose 
until limit switch L1 causes it to do so. As long 
as the relay R3 is open, there is no energization 
of valve W1. This is because W1. obtains its cur 
rent from relay R3 via line 37. 
An air supply regulator is shown at 267. The 

air connection from pipe 323 is above the fluid 
in the sump 5, which tends to force fluid out from 
the sump into the cylinder 9 via pipe 263. When 
the solenoid valve W1 is energized, it shuts off 
this supply of air pressure and vents the air in 
the sump 5 to atmosphere, as will appear. 
A parallel-connected solenoid condensate valve 

W3 which is normally open becomes energized to 
close when relay R3 is energized, being in parallel 
With W across lines 3 ? and 39. This valve W3 
closes a condensate vent 34 from the platen 
3, or opens this vent when W3 is deenergized. 
A check valve 269 allows free flow in the direc 
tion from the sump 5 to the side of the cylinder 
9 but restricts reverse flow. The necessary re 
turn-flow restriction is made adjustable. A Sole 
noid valve W5 is normally open, which allows the 
Stated flow. 
A three-way solenoid valve W2 becomes ener 

gized when relay R3 is energized. The circuit 
for the purpose from side 335 of the line 433 
comprises wires 30, 303, closed switch A, wire 
35, relay R3 when closed, wires. 317, 325, 32, 
329, Solenoid valve W2, wires 33 and 333 to the 
other side 33 of the line 43. 
This valve V2 feeds a regulated supply of air 

to the interior of the hollow platen 3 over pipe 
32 (see Figs. 2, 3 and 20). This feeds air to 
all of the transmitters R. So as to press their 
measuring cones 7 and to spread the feeler balls 
8 outward. When deenergized, W2 shuts off this 
air Supply and at 339 vents the air in the trans 
mitters to atmosphere. 
The motor 38, which operates the cam 28 

as already described, is connected in parallel 
with the Solenoid valve V2 and is fed from the 
relay R3. It functions only during the downward 
movement of the platen. 3, as will appear, 
Thus the operator by temporarily opening the 

Switch. A deemergizes and opens, contacts 399 of 
relay R3, which contacts were closed from a pre 
vious cycle of operation. This deenergizes the 
Solenoid valve V1 and causes the feeding of air 
pressure to the sump 5. This transfers liquid 
from the Sump 5 to the cylinder. 9 via pipe 263 
and lifts the platen 3. This drives the trans 
mitters R up into the engine cylinders but at 
this time the transmitters have no air pressure 
on them and the balls 8 are therefore not 
pressed into engagement with the cylinders. 
When the platen 3 has moved to its top posi 

tion it stops and then descends, due to the 
tripping action on cam 355 of the limit switch 
L1. The Switch L1 closes at the top of the travel 
thus energizing R3 to close contacts 309 and en 
ergizing W1 to shut the latter and vent it, which 
allows throttled return flow of fluid from cylin 
der 9 to Sump 5. This allows the transmitters 
to travel down. Relay R3 has been drawn shut 
due to feeding current to its coil 301 over the 
Wires above described. 
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Switch L1 is thus at this time the initial source 

of excitation to energize relay R3. Solenoid 
valves V1 and V2 shut of the loading air pres 
sures and vent the air in the sump 5 to atmos 
phere and admit air to the platen 3 and hence 
to the transmitters R, as explained above. The 
motor 38, at this time being also energized by 
the relay R3, starts to function. The transmit 
ters R, now, upon descent, make their measure 
ments of the progressive diameters encountered 
in the engine cylinders, to indicate such diam 
eters on their respective dials 33, and to show 
the taper in the cylinders by the spread of the 
auxiliary right-hand pointers f9 and iS3. 
Left-hand pointers 2 and 23 are not used 
during this part of the cycle. 
The rate at which the platen 3 descends is 

determined by the adjustable orifice check valve 
269. AS stated, this orifice check valve allows 
free flow to the cylinder 9 but restricted flow 
from it, thus restricting the speed of descent of 
the platen, but not its ascent. As soon as the 
platen 3 starts the descent, the Switch L1 leaves 
the can 365 and reopens. 
Under the above conditions of descent, the 

feeler balls 8 are pressed out radially against the 
cylinder walls. V3 is closed. When these balls 
reach a predetermined point in the engine cylin 
ders, known as the sizing point, the platen is 
Stopped. This sizing point, for example, may be 
at a point in a cylinder corresponding to the mid 
Stroke position of the piston which is later to 
Operate therein. Stoppage is automatically 
effected at the sizing point by tripping of a limit 
Switch. I2 which is operated by a lower cam 27 
(FigS. 1 and 2). This switch L2 is one of the 
Sources of initial excitation of relay R2. The cir 
cuit connecting L2 and R2 is as follows: One side 
335 of line 43, wires 30 , 303, normally shut 
Switch A, wire 305, relay contacts 309 (when 
closed), wires 31, 3, 343, normally closed 
Switch B, wire 345, switch L2, wires 347, 349, coil 
of valve V5, wires 313, 39 and back to the other 
Side 33 of the line 43. It will be noted that 
wire 347 also feeds the coil 35 of the relay R2 
(see Wires 347 and 353). This closes relay R2 
and causes valve W5 to remain closed even though 
the limit Switch L2 reopens. 
Normally-open push button switch C is an 

other source of excitation for relay R2. When 
this Switch C is closed, current is fed from side 
335 of circuit f43 via wires 30t, 303 to wire 353, 
coil 35, wires 315, 33 and 39 and back to wire 
337 of line 43. It will be noted that relay R2, 
like relay R3, has a holding-in coil. Relay R2 and 
Solenoid valve Vs are normally open. Relay R2 
energizes Solenoid valve V5, thus shutting off the 
flow of oil from the cylinder 9 to the sump 5. 
This stops the downward travel of the platen 3 
and Of the transmitters R with the balls 8 at 
the sizing point. Thus relay R2 and the solenoid 
W5 cannot be energized on the upward movement 
of the platen f3 by the tripping of the limit 
Switch L2, but an operation and holding of push 
button Switch C will at any time stop either up 
Ward or downward movement. 

It should be understood that the lever was 
in the position, during downward travel, as 
shown in Solid lines in Fig. 4. This had the ef 
fect through this non-cooperative position rela 
tive to Switches L3, T4 and L5 of energizing the 
coil 207 and applying clutch friction to the 
pointers f$f and 93. At this time L3, which is 
a single-pole double-throw limit switch, closes 
one of its contacts which energizes the coil 355 
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of a time-delay relay R1, getting its source of 
power from relay R3. The wiring is as follows: 
side 335 of line 43, wires 30, 303, closed switch 
A, wire 395, closed relay R3, wires 3 ?, 325, 357, 
359, switch L3, coil 355, wire 359 back to side 337 
of line 43. This closes the contacts 36 of relay 
R1, which by means of wires 363 from line 335 
and wire 366 feed the coil 207, the circuit being 
closed through wires 367 and 369 to the other 
side 337 of the line 43. Limit switches L5 and 
L4 are at this time open. Thus any spread as 
Suned by the pointers will be maintained due to 
friction at the clutch elements 87, 89 (Fig. 15). 
After stopping at the sizing point the operator 

notes the several diameters of the cylinders at 
this point and also notes the taper in each cyl 
inder, as indicated by the spread of the auxiliary 
pointers 9 and f93. The latter, remaining 
Spread, indicate the maximum taper. The oper 
ator may then accept the engine block. He may 
stencil his acceptance, showing the actual diam 
eters in respect to cylinders in the engine block 
or any other desirable symbols for the purpose. 
This stenciling operation will be described below. 

Or, he may at this time repeat the above 
cycle of operations but taking diameter meas 
urement in a plane at 90° from the plane of the 
measurements in the above-described cycle. This 
is accomplished with the handle set at the 
dotted-line position shown in Fig. 4. When han 
dle if f is shifted, bar 99 strikes an operator 
bar 42 for Switches I.3, L4 and L5 (Fig. 4). Thus 
in order to obtain a second series of diameter 
readings in a plane at 90° from the plane of the 
first cycle described, the handle is shifted 
from the Solid-line position shown in Fig. 4 to the 
dotted-line position, as stated. Push button 
Switch A is again temporarily depressed and 
opened. The Said lifting sequence of the platen 
3 above described is then repeated, except that 
now the auxiliary pointers 2ff and 23 come into 
play, assuming their respective maximum and 
minimum positions. This is because the clutch 
coil 22 and the coil 66 are at this time energized. 
The Switches L4 and L5 have closed to their 
dotted-line positions and L3 has moved to its 
dotted-line position (Fig. 20). The circuit then 
reads as follows: starting with the side 335 of the 
line 43, wires 30, 303, normally closed switch 
A, Wire 305, contacts 399 of relay R3 (when 
closed), wires 37, 325, 357, closed switch L., 
wire 33, coil 22, wire 369 and to the other side 
33 of the line 43. A connection 379 from side 
335 of the circuit 43 through closed switch I 
feeds coil 66, which is connected to wire 369 
passing to the other side 33 of the line 43. Wire 
379 also feeds through switch La (now at the 
dotted-line position) through the coil 355 of the 
time-delay relay R1, thus holding the contacts 
of this relay closed. The time delay feature 
of relay R1 permits shift of handle from one 
position to the other without having the relay 
R1 fall onen and thus keeps the pointers 9 and 
f 93 maintained in their last positions. 
When coil 66 is deenergized, its armature pin 

200 is engageable with all of the pointers 9, 
193, 2? and 2 3. When coil 66 is energized, the 
armature pin 290 clears the pointers 9 and 93, 
which are left in their last positions, and re 
mains engageable only with the pointers 2 
and 23. It will be noted that the pointers 2 
and 2 3, when handle f is in the solid-line posi 
tion, do not have their magnetic clutches ener 
gized. Therefore they foat at zero position with 
the respective dial 33. When the handle is 
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in its dotted-line position, all of the coils 207, 
227 and 66 are energized. Thus pointers 9 and 
93 remain in their last positions and are not 
mechanically influenced by the armature pin 200. 
Under these conditions the pointers 2 and 2 f3 
are mechanically influenced by the armature pin. 
200 and assume their maximum spread positions 
due to friction clutching action at 229 and 23, 
as caused by energization of coil 227 (Figs. 15 
and 16). 
The Operator performs a stenciling operation, 

to be described, based on the diameter at the siz 
ing point. Before performing a stenciling opera 
tion he should recognize the taper characteristics 
because these alone may be grounds for rejecting 
a given engine block. 
After taper observations, as obtained from the 

pointers 9, 93, 2 and 23, coupled with ob 
Servation of the diameter or diameters at the siz 
ing point, the operator depresses the normally 
open push button SWitch. D, which energizes the 
Several pneumatic hammers 24 (Fig. 17), one 
for each cylinder. This stencils the accepted 
mark on the engine block opposite each cylinder 
corresponding to the cylinder diameter encoun 
tered at the sizing point. 
The stenciling operation is accomplished 

through the actuation by switch D of solenoid 
Waves W6 and Wi. The Waves W6 and W7 are 
three-way valves which either pass air or vent 
it. When the switch. D is closed, the requisite 
circuit is closed from Side 335 of line 43 via 
wires 30?, closed switch D, wire 38 (closed safety 
Switch 389, to be described below) to valves W6 
and W7 in parallel, thence to Wire 333 back to 
the side 33 of the line 3. It will be recalled 
that each stencil motor is constantly following 
the action of the respective brush 75, Which is 
driven in proportion to the action of the respec 
tive dial 33. This causes constant reposition 
ing of the stencil discs 82, with the result that 
a proper stencil 80 is always indexed into stencil 
ing position. When valves W6 and W7 are opened, 
air is admitted to the two balls 253 and 259 at 
the respective pressures of approximately 30 
p. S. i. to the ball 253 and 60 p.s. i. to the ball 
259. When the pressure above the large ball 253 
reaches its full Value, the total pressure over the 
larger area, exceeds the total pressure over the 
Smaller ball 259, although the higher unit pres 
Sure is applied to the Smaller ball 259. Ball 253 
then forces back the Smaller ball 259 and the 
former strikes the hammer 24 below it and thus 
the respective punch 8) is driven against the 
pan rail, 54. When the push button switch. D is 
released (opened), the Solenoid valves W6 and Wii 
are deemergized, thus venting the air pressure 
behind the balls. The ball 253 is instantly re 
turned to its "cocked' position at the top of the 
cylinder by its return spring 255. 

It Will be recalled that now the transmitters R. 
have their balls at the sizing point and it is neces 
Sary not only to Withdraw these from the engine 
block but it is also desirable to take continued 
readings for taper. This will necessitate further 
descent of the platen 3 to its lowermost position. 
To do this the operator momentarily pushes the 
normally closed button Switch B. This breaks the 
circuit which was above described in connection 
With relay R2 and deemergizes the latter. This 
in turn deenergizes the coil of valve W5. Fluid 
then flows from the cylinder 9 to sump 5 via the 
throttling check valve 269, and the platen 3 
further descends. The pointers f9, 93 and/or 
2, 213 continue to be actuated as above de 
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scribed, giving readings of any increase in taper, 
until the end of the cylinder is reached. Finally, 
the balls 8 of the transmitters R, enter the mas 
ter rings 33. This last action permits the Op 
erator to check the Zero reference indications for 
the Several transmitterSR. 

In passing out of the engine cylinders into the 
table 2, the balls traverse a small gap. Which in 
its effect on balls 8 might spoil the taper read 
ings. This is prevented as follows: By mechani 
cally actuating an interruptor switch 383, the 
power connection is broken to the inductance 
bridge measuring circuit. This causes any dial 
33 to remain in its last position until the circuit 

is reconnected. The detail for this is shown in 
Fig. 1, wherein a cam 385 contacts the Switch arm 
387 of switch 383 and forces the switch Open, only 
at the moment when the balls 8 are traversing 
the gap which is shown at G. The switch 383 is 
mounted on the underside of the movable platen 
3 while the cam lug is mounted on a stationary 
part of the bed S. The switch opening needs only 
to be momentary. 

Since it is conceivable that someone might Op 
erate the stencil switch D when no engine block : 
is in position and cause damage to the stencils 
by unnecessarily hammering them, the following 
safety feature is provided: A switch 389 is placed 
in Wire 38 in Series with the switch. D. This 
switch 389 is placed beneath a loose one of the . 
rollers 22, as shown in Figs. 2 and 23. The roller 
is normally pushed up from the switch by a spring 
39, but when loaded by means of the engine block 
the Switch 389 will be closed. Thus When the en 
gine block is not in position and the switch 389 
opened, the Stencil hammers cannot be Operated. 
Both the switches 383 and 389 may be of the micro 
variety in which very little movement of the op 
erating button is required to open or close them, 
From the above it will be seen that by means 

of the push button starting SWitch. A the trans 
Initters R may be driven upward through the cyl 
inders in the block 27. They may be stopped at 
will by operating the stop switch C. "Action may 
be resumed at Will by pressing the resume switch , 
B. After reaching the top of the stroke they de 
Scend automatically. Stenciling is made to oc 
Cur by pressing the SWitch id. These SWitches are 
Suitably marked for the given purposes, as indi 
cated in Fig. 1. 

It Will also be seen that the starting operation 
Causes an initial lift of the transmitters R with 
Out a gaging Operation, that is, without air pres 
Su'e tending to expand the balls 8 into gaging 
contact with the cylinder walls. 
Of the lift is reached, the downward action starts 
automatically as Stated and at this time the gag 
ing balls 8 are automatically pushed into gaging 
contact with the cylinder walls for measuring 
action during the downward travel. Downward 
action is automatically instigated by the action. 
of SWitch L1. Operation of the handle or lever 

f allows for a second measuring cycle to be 
brought about at 90° to the first. Furthermore, 
during a first cycle taper is indicated by spread 
between the pointers 9? and 93. During this 
Operation the other pointers 2 and 23 follow 
the dial without spread. Taper during a second 
measuring cycle (at 90°) is indicated by spread 
of the pointers 2 ft and 2 3 while the formerly 
Spread pointers 9i and 93 remain apart. Dur 
ing either cycle the dial 33 provides a continual 
Visual indication of the diameters encountered. 
Finally, the diameter at thesizing point is sym 
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bolized and recorded on the engine block itself 
by operation of the stencil switch. D. 

In view of the above, it will be seen that the 
Several objects of the invention are achieved and 
Otheir advantageous results attained. 
As many changes could be made in the above 

constructions without departing from the scope 
of the invention, it is intended that all matter 
contained in the above description or shown in 
the accompanying drawings shall be interpreted 
as illustrative and not in a limiting sense. 

I claim: - 
1. A measuring instrument comprising means 

for predeterminately, positioning a cylinder to be 
internally measured, a novable member, a meas 
laring transmitter mounted on the movable mem 
her and having pressure-operated gage members, 
means for noving the movable member with the 
transmitter to move the gage members of the lat 
ter into the cylinder without pressure on the gage 
Jinenbers, means cperative automatically at a pre 
determined position of the movable member to 
apply pressure to move said gage members into 
measuring positions in the cylinder and operative 
automatically to retract said movable member 
and the transmitter, means for substantially 
turning the measuring transmitter relatively to 
the movable member and the cylinder, means for 
stopping movement of the movable member and 
transmitter and for again starting them toward 
the cylinder in any turned position of the trans 
mitter, and means for vibrating the transmitter 
through a limited angle in its turning direction 
regardless of which of its substantially turned 
positions it is in. 

2. A measuring instrument comprising an in 
Spection table, said table having a master-sized 
Opening therein, means for predeterminately po 
Sitioning a cylindric member to be internally 
measured Substantially coaxially with respect to 
the opening, a movable platen, a measuring 
transmitter mounted on the platen and having 
preSSure-operated gage members positioned in 
Said master opening when the platen is in one 
position, means for moving. the platen with the 
transmitter to move the gage members of the 
latter from said opening into the cylindric mem 
ber, without pressure on the gage members, and 
neans - operative, automatically at a predeter 
mined elevation of the platen to apply pressure 
to move Said gage members into measuring posi 
tions in the cylinder and automatically to cause 
retraction of Said platen and the transmitter. 

3. A measuring instrument comprising an in 
Spection table, Said table having master-sized 
Openings therein, means for predeterminately 
positioning a multi-cylinder member to be in 
ternally measured with its cylinders substan 
tially coaxial with the openings, a movable 
platen, a plurality of measuring transmitters 
mounted on the platen and respectively having 
preSSure-operated gage members positioned re 
Spectively in Said master openings when the 
platen is in one position, means for moving the 
platen with the transmitters to move the gage 
members of the latter from said master Openings 
into the respective cylinders without preSSure on 
the gage members, and means operative auto 
matically at a predetermined elevation of the 
platen to apply pressure to move said gage mem 
bers into measuring positions in the cylinders 
and to cause retraction of said platen and the 
transmitters. 

4. A measuring instrument comprising an in 
Spection table, said table having a master-sized 
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opening therein, means for predeterminately 
positioning on one side of the table substantially 
coaxially over the opening a cylindric member 
to be internally measured, a movable platen on 
the other side of the table, a measuring trans 
mitter mounted on the platen and having a pres 
Sure-operated gage member positioned in Said 
master opening When the platen is in One poSi 
tion, means for moving the platen with the 
transmitter to move the gage member of the 
latter from said opening into the cylindric mem 
ber without pressure on the gage member, means 
operative automatically at a predetermined ad 
vance of the platen toward the table to apply 
preSSure to move Said gage member into meas 
uring positions in the cylinder and automatically 
to cause retraction of said platen and the trans 
mitter, a visual indicator responsive to the ac 
tion of said gage member adapted continuously 
to indicate diameters mi?t with in the cylinder 
by Said gage member, and visual means adapted 
to indicate maximum differences in diameters 
met by the gage member during a given traverse 
of the gage member in the cylinder. 

5. A measuring instrument comprising an in 
Spection table, said table having a master-sized 
opening therein, means for predeterminately 
positioning on one side of the table substan 
tially coaxially over the opening a cylindric 
member to be internally measured, a movable 
platen. On the other side of the table, a measur 
ing transmitter mounted on the platen and hav 
ing a pressure-operated gage member positioned 
in Said master opening when the platen is in 
One position, means for moving the platen with 
the transmitter to move the gage member of the 
latter from said opening into the cylindric mem 
ber without pressure on the gage member, means 
Operative automatically at a predetermined ad 
Vance of the platen toward the table to apply 
preSSUre to move said gage gember into neaS 
uring positions in the cylinder and automatically 
to cause retraction of said platen and the trans 
mitter, a visual indicator responsive to the action 
of Said gage member adapted continuously to 45 
indicate diameters met with in the cylinder by 
Said gage member, visual means adapted to in 
dicate maximum differences in diameters met 
by the gage member during a given traverse of 
the gage member in the cylinder, means for ro 
tating the transmitter on the platen for cylin 
der measurement in a 90° plane and additional 
visual means adapted to indicate maximum dif 
ferences in diameters met with by the gage 
member in said 90' plane but without cancelling 
the first-named indication of diameter dif 
ferences. 

6. A measuring instrument comprising an in 
Spection table, said table having a master-sized 
opening therein, means for predeterminately 
positioning on one side of the table substantially 
coaxially over the opening a cylindric member 
to be internally measured, a movable platen. On 
the other Side of the table, a measuring trans 
mitter mounted on the platen and having a pres 
Sure-operated gage member positioned in Said 
master opening when the platen is in One posi 
tion, means for moving the platen with the 
transmitter to move the gage member of the lat 
ter from said opening into the cylindric member 
without pressure on the gage member, means Op 
erative automatically at a predetermined ad 
wance of the platen toward the table to apply 
pressure to move said gage member into meas 
uring positions in the cylinder and automatically 
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to cause retraction of said platen and the trans 
mitter, a visual indicator responsive to the action 
of said gage member adapted continuously to 
indicate diameters met with in the cylinder by 

5 said gage member, visual means adapted to in 
dicate maximum differences in diameter's met 
by the gage member during a given traverse of 
the gage member in the cylinder, a turret, a gang 
of punches thereon respectively indexed accord 
ing to said visual indicator, circuit means con 
necting said visual indicator and the turret 
adapted to cause movement of the turret pro 
portionally to that of the indicator whereby a 
proper punch to make a mark corresponding to 
an indication is at any moment indexed into a 
predetermined marking position, and means for 
operating any punch that is in indexed position 
to mark the cylindric member. 

7. A measuring instrument comprising an ini 
Spection table, said table having a master-sized 
opening therein, means for predeterminately po 
sitioning on one side of the table Substantially 
coaxially over the opening a cylindric member 
to be internally measured, a movable platen on 
the other side of the table, a meaSuring trans 
mitter mounted on the platen and having a pres 
sure-operated gage member positioned in Said 
master opening when the platen is in one posi 
tion, means for moving the platen with the trans 
Initter to move the gage member of latter from 
said opening into the cylindric member With 
out pressure on the gage member, means oper 
ative automatically at a predetermined advance 
of the platen toward the table to apply pressure 
to move said gage member into measuring posi 
tions in the cylinder and automatically to cause 
retraction of said platen and the transmitter, a 
visual indicator responsive to the action of said 
gage member adapted continuously to indicate 
diameters met with in the cylinder by said gage 
member, visual means adapted to indicate maxi 
mum differences in diameters met by the gage 
member during a given traverse of the gage 
member in the cylinder, means for rotating the 
transmitter on the platen for cylinder meas 
urement in a 90° plane, additional visual means 
adapted to indicate maximum differences in di 
ameter, met with by the gage member in said 90' 
plane but without cancelling the first-named in 
dication of diameter differences, a turret, a gang 
of punches thereon respectively indexed accord 
ing to Said Visual indicator, circuit means con 
necting Said Visual indicator and the turret 
adapted to cause movement of the turret propor 
tionally to that of the indicator whereby a proper 
punch to make a mark corresponding to an indi 
cation is at any moment indexed into a prede 
termined marking position, and means for oper 
ating any punch that is in indexed position to 
mark the cylindric member. 

8. A measuring instrument comprising an in 
Spection table, said table having a series of 
master-sized openings therein, means for pre 
determinately positioning a multi-cylinder 
member to be internally measured with its cylin 
derS respectively substantially coaxial over the 
respective openings, a movable platen, elongate 
measurement transmitters mounted on the 
platen and having pressure-operated gage mem 
bers respectively positioned in said master open 
ings When the platen is in a retracted position, 
One means for advancing the platen with all of 
the transmitters simultaneously to move the gage 
members of the latter from said openings into 

75 the cylinders Without pressure on the gage mem 
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bers, means operative automatically at a prede 
termined advance of the platen to apply preSSure 
to move all of said gage members into measuring 
positions in the cylinders and to cause retraction 
of said platen and the transmitters, individual 
indicators responsive respectively to the re 
spective actions of said gage members in the 
cylinders and being each adapted continuously 
to indicate an individual diameter met with in a 
cylinder by one of said gage members, and in 
dividual visual means adapted to indicate maxi 
mum differences in diameters respectively met 
with by the gage members during a given traverse 
of the respective gage member in a cylinder. 

9. A measuring instrument comprising an in 
spection table, said table having a Series of 
master-sized openings therein, means for pre 
determinately positioning a multi-cylinder men 
ber to be internally measured with its cylinderS 
respectively substantially coaxial Over the re 
spective openings, a movable platen, elongate 
measurement transmitters mounted on the 
platen and having preSSure-operated gage men 
bers respectively positioned in Said master Open 
ings when the platen is in a retracted position, 
one means for advancing the platen with all of 
the transmitters Simultaneously to move the gage 
members of the latter from said openings into 
the cylinders without pressure on the gage mem 
bers, means operative automatically at a prede 
termined advance of the platen to apply pres 
sure to move all of said gage members into meaS 
uring positions in the cylinders and to cause re 
traction of said platen and the transmitters, in 
dividual indicators responsive respectively to the 
respective actions of Said gage members in the 
cylinders and being each adapted continuously 
to indicate an individual diameter met with in 
a cylinder by One of Said gage members, in 
dividual Visual means adapted to indicate maxi 
mum differences in diameters respectively met 
with by the gage members during a given 
traverse of the respective gage member in a 
cylinder, and common means for rotating all 
transmitters on the platen to 90° positions. 

10. A measuring instrument comprising an in 
Spection table, Said table having a series of 
master-sized openings therein, means for pre 
determinately positioning a multi-cylinder mem 
ber to be internally measured with its cylinders 
respectively substantially coaxial over the re 
Spective openings, a movable platen, elongate 
neaSurement transmitters mounted on the 
platen and having preSSure-operated gage mem 
berS respectively positioned in said master open 
ingS When the platen is in a retracted position, 
One means for advancing the platen with all 
of the transmitters simultaneously to move the 
gage members of the latter from said openings 
into the cylinders Without pressure on the gage 
members, means operative automatically at a 
predetermined advance of the platen to apply 
pressure to move all of said gage members into 
measuring positions in the cylinders and to cause 
retraction of Said platen and the transmitters, 
individual indicators responsive respectively to 
the respective actions of Said gage members in 
the cylinders and being each adapted continu 
ously to indicate an individual diameter net 
with in a cylinder by one of Said gage members, 
individual visual means adapted to indicate 
maximum differences in diameters respectively 
met with by the gage members during a given 
traverse of the respective gage member in a cyl 
inder, common means for rotating all trans 
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mitters on the platen to 90° positions, and means 
for vibrating said common rotating means leSS 
than 90° in either 90° position, 

11. A measuring instrument comprising an in 
spection table, said table having a Series of 
master-sized openings therein, means for pre 
determinately positioning a multi-cylinder men 
ber to be internally measured with its cylinders 
respectively substantially coaxial over the re 
spective openings, a movable platen, elongate 
measurement transmitters mounted on the plat 
en and having pressure-operated gage members 
respectively positioned in said master openings 
when the platen is in a retracted position, One 
means for advancing the platen. With all of the 
transmitters simultaneously to move the gage 
members of the latter from said openings into 
the cylinders without pressure on the gage men 
bers, means operative automatically at a prede 
termined advance of the platen to apply preS 
sure to move all of said gage members into 
measuring positions in the cylinderS and to cause 
retraction of said platen and the transmitters, 
individual indicators responsive respectively to 
the respective actions of Said gage members in 
the cylinders and being each adapted continu 
ously to indicate an individual diameter met 
with in a cylinder by one of Said gage members, 
individual visual means adapted to indicate 
maximum differences in diameters respectively 
met with by the gage members during a given 
traverse of the respective gage member in a cyl 
inder, common neans for rotating all transmit 
ters on the platen to 90° positions, and addi 
tional individual indicating means adapted to 
indicate maximum differences in diameters re 
Spectively met with by the gage members in 
another traverse when the transmitters are ro 
tated 90°, without cancelling the indications of 
the first mentioned indications of maximum 
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12. A measuring instrument comprising an in 

spection table, Said table having a Series of 
master-sized openings therein, means for pre 
determinately positioning a multi-cylinder mem 
ber to be internally measured With its cylinders 
respectively substantially coaxial over the re 
Spective openings, a movable platen, elongate 
measurement transmitterS mounted. On the plat 
en and having pressure-operated gage members 
respectively positioned in Said master openings 
when the platen is in a retracted position, One 
means for advancing the platen. With all of the 
transmitters simultaneously to move the gage 
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ineinbers of the latter from Said openings into 
the cylinders without pressure on the gage mem 
bers, means operative automatically at a pre 
determined advance of the platen to apply pres 
Sule to move all of Said gage members into 
neaSuring positions in the cylinders and to cause 
retraction of Said platen and the transmitters, 
individual indicators responsive respectively to 
the respective actions of Said gage members in 
the cylinders and being each adapted continu 
Ously to indicate an individual diameter met 
With in a cylinder by one of Said gage members, 
individual Visual means adapted to indicate max 
imum differences in diameters respectively met 
With by the gage members during a given trav 
erse of the respective gage member in a cylinder, 
connOn means for rotating all transmitters. On 
the platen to 90 positions, additional individual 
indicating means adapted to indicate maximum 
differences in diameters respectively met with 
by the gage members in another traverse when 
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the transmitters are rotated 90°, without can 
celling the indications of the first mentioned in 
dications of maximum differences, and means 
for vibrating Said common rotating means less 
than 90° in either 90° position. 

13. A measuring instrument comprising an in 
Spection table, said table having a series of mas 
ter-sized openings therein, means for predeter 
minately positioning a multi-cylinder member 
to be internally measured with its cylinders re 
spectively substantially coaxial over the respec 
tive openings, a movable platen, elongate meas 
urement transmitters mounted on the platen and 
having pressure-operated gage members respec 
tively positioned in said master openings when 
the platen is in a retracted position, one means 
for advancing the platen with all of the trans 
mitters Simultaneously to move the gage mem 
bers of the latter from Said openings into the 
cylinders Without preSSure on the gage members, 
means operative automatically at a predeter 
mined advance of the platen to apply pressure 
to move all of Said gage members into measuring 
positions in the cylinders and to cause retraction 
of Said platen and the transmitters, individual 
indicators responsive respectively to the respec 
tive actions of Said gage members in the cylin 
ders and being each adapted continuously to in 
dicate an individual diameter met with in a cyl 
inder by one of Said gage members, individual vis 
ual means adapted to indicate maximum differ 
ences in diameters respectively met With by the 
gage members during a given traverse of the 
respective gage member in a cylinder, common 
means for rotating all transmitters on the platen 
to 90 positions, additional individual indicating 
means adapted to indicate maximum differences 
in diameters respectively met With by the gage 
members in another traverse when the trans 
mitters are rotated 90, Without cancelling the 
indications of the first mentioned indications of 
maximum differences, movable punch holders, a 
gang of punches on each holder indexed accord 
ing to the visual indicator, plural circuit means 
connecting said respective Visual indicators and 
the respective holders adapted to move the latter 
according to indicator movements, whereby a 
proper punch on each holder to make a mark 
is at any moment indexed into a predetermined 
marking position, and common means for Oper 
atting all punches that are in indexed positions 
to mark the multi-cylinder member. 

4. A measuring instrument Comprising means 
for mounting a cylinder, a transmitter measuring 
member for the cylinder, a nowable Support for 
the measuring member for advancing and re 
tracting it into and from the cylinder, a fluid 
pressure lift for said Support, a Solenoid Valve 
for applying fiuid pressure to Said lift When the 
valve is open, a relay having load ContactS Which 
when open will open said Solenoid valve, a hold 
ing coil in said relay connected in Series With its 
own load contacts, a limit SWitch carried on Said 
Support constituting When closed a Source of ini 
tial excitation for said coil, a momentary-break 
SWitch connected with the relay Whereby the re 
lay may by temporary opening of the switch be 
opened to energize said valve to effect movement 
of the Support for advancing the measuring mem 
ber into the cylinder, and means engageable by 
said limit switch upon predetermined advance 
of the measuring member into the cylinder for 
energizing the coil of Said relay and hence ener 
gizing said valve to stop application of fluid pres 
Sure to the lift. 
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15. A neaSuring instrument comprising means 

for mounting a cylinder, a measuring member 
for the cylinder, a movable support for the meas 
uring member for advancing and retracting it 
into and from the cylinder, a fluid pressure lift 
for Said Support, a Solenoid valve for applying 
fluid pressure to said lift only when the valve is. 
deenergized, a relay having load contacts which 
When closed Will energize said Solenoid valve and 
When open Will deemergize it, a holding coil in said 
relay connected in Series With its own load con 
tacts, a limit Switch carried on said support con 
Stituting when closed a Source of initial excita 
tion for said coil, a momentary-break switch in 
series with the relay whereby the relay may 
by temporary opening of the SWitch be opened to 
deenergize said valve to effect movement of the 
Support for advancing the measuring member 
into the cylinder, and means engageable by said 
limit SWitch upon predetermined advance of the 
Support and measuring member for energizing 
the coil of Said relay and hence energizing Said 
Valve to Stop application of fluid pressure to the 
preSSure lift. 

16. A measuring instrument comprising means 
for mounting a cylinder, a measuring member 
for the cylinder, a movable Support for the meas 
uring member for advancing and retracting it 
into and from the cylinder, a fluid preSSure lift 
for Said Support including a fluid line having a 
normally open first solenoid valve, a second sole 
noid Valve controlling application of pressure 
through said first valve to said lift when the sec 
Ond valve as Well as the first Valve is open, a relay 
having load contacts which When Open Will open 
said second Solenoid Valve, a holding Coil in Said 
relay connected in Series With itS OWn load con 
tacts, a limit SWitch carried on Said Support con 
Stituting When closed a Source of initial excita 
tion for said coil, a momentary-break. SWitch Con 
nected with the relay whereby the relay may be 
opened by temporary opening of the Switch to en 
ergize said valve to effect movement of the Sup 
port for advancing the measuring member into 
the cylinder, means engageable by Said limit 
switch upon predetermined advance of the meas 
uring member into the cylinder for energizing the 
coil of said relay and hence energizing Said sec 
ond Valve to stop application of fluid preSSure to 
the lift, whereupon the lift Will descend until the 
first valve is closed, a Second holding-in relay, a. 
Second limit SWitch connected With Said Second 
relay and with said first Valve, and means for 
operating the Second limit SWitch and relay upon 
a predetermined descent of the Suppqrt to close 
the first valve to prevent further descent. 

17. A measuring instrument comprising means 
for mounting a cylinder, a transmitter measuring, 
member for the cylinder, a movable Support for 
the measuring member for advancing and re 
tracting it into and from the cylinder, a fluid 
preSSure lift for Said Support, a Solenoid valve 
for applying fluid preSSure to Said lift when the 
valve is open, a relay having load contacts which 
When open Will open said solenoid valve, a hold 
ing coil in Said relay connected in series with its 
OWn load contacts, a limit SWitch carried on said 
Support constituting when closed a source of 
initial excitation for Said coil, a momentary 
break Switch connected with the relay whereby 
the relay may by temporary opening of the switch 
be opened to energize said valve to effect move 
ment of the Support for advancing the measuring 
member into the cylinder, means engageable by 
Said limit Switch upon predetermined advance. 



2,571,161. 
23 

of the measuring member into the cylinder for 
energizing the coil of said relay and hence ener 
gizing said valve to stop application of fluid pres 
sure to the lift whereupon it will fall, pressure 
Operated feeler means in the measuring member, 
a second Solenoid valve controlling pressure on Said 
feeler means, and means responsive to said ener 
gization of the relay from the limit switch for 
energizing the second Solenoid Valve to open it 
to apply pressure to said feeler means at the 
time that the measuring member attains said 
predetermined advance into the cylinder. 

18. A measuring instrument comprising means 
for mounting a cylinder, a transmitter measur 
ing member for the cylinder, a movable support 
for the measuring member for advancing and 
retracting it into and from the cylinder, a fluid 
pressure lift for said support, a solenoid valve 
for applying fluid pressure to said lift when the 
valve is open, a relay having load contacts which 
when open will open said solenoid valve, a hold 
ing coil in Said relay connected in series with its 
own load contacts, a limit switch carried on said 
Support constituting when closed a source of ini 
tial excitation for said coil, a momentary-break 
Switch connected with the relay whereby the 
relay may by temporary opening of the switch 
be opened to energize said valve to effect move 
ment of the Support for advancing the measuring 
member into the cylinder, means engageable by 
said limit Switch upon predetermined advance of 
the measuring member into the cylinder for ener 
gizing the coil of said relay and hence energizing 
Said valve to stop application of fluid pressure 
to the lift whereupon it will fall, pressure-oper 
ated feeler means in the measuring member, a 
Second Solenoid valve controlling pressure on said 
feeler means, means responsive to said energiza 
tion of the relay from the limit switch for ener 
gizing the second solenoid valve to open it to 
apply pressure to said feeler means at the time 
that the measuring member attains said prede 
termined advance into the cylinder, a diameter 
indicator, and electrical circuit means connect 
ing the indicator and the feeler means of the 
transmitter measuring member whereby the indi 
cator continuously indicates diameters. 

19. A measuring instrument comprising means 
for mounting a cylinder, a transmitter measuring 
member for the cylinder, a movable support for 
the measuring member for advancing, and re 
tracting it into and from the cylinder, a fluid 
preSSure lift for said support, a solenoid valve 
for applying fluid pressure to said lift when the 
Valve is opan, a relay having load contacts which 
when open Will open said solenoid valve, a held 
ing coil in Said relay connected in series with its 
own load contacts, a limit switch carried on said. 
Support constituting when closed a source of 
initial excitation for said coil, and a momentary 
break Switch connected with the relay whereby 
the relay may by temporary opening of the switch 
be opened to energize said valve to effect move 
ment of the Support for advancing the measuring 
member into the cylinder, and means engageable. 
by said limit Switch upon predetermined advance 
of the measuring member into the cylinder for 
energizing the coil of Said relay and hence ener 
gizing said valve to stop application of fluid 
pressure to the lift whereupon it will fall, pres 
Sure-operated feeler means in the measuring 
member, a second solenoid valve controlling pres 
Sure On Said feeler means, and means responsive 
to said energization of the relay from the limit 
Switch for energizing the second solenoid valve to 
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open it to apply pressure to said feeler means at 
the time that the measuring member attains said 
predetermined advance into the cylinder, a diam 
eterindicator, electrical circuit means connecting 
the indicator and the feeler means of the trans 
mitter measuring member whereby the indicator 
Continuously indicates diameters, taper indicat 
ing means adapted to receive motion from the 
diameter indicator to show taper, an electrical 
control for Said taper indicating means to cause 
it to register taper, and means responsive to Said 
energization of the relay from the limit switch 
for energizing Said control to effect registration 
by the taper indicating means. 

20. In a measuring instrument, a transmitter 
having rotary movement to two positions, feelers 
in the transmitter having retracted and Working 
positions, a dial, means connecting the feelers 
and the dial causing the dial to move propor 
tionately to feeler movements to indicate diam 
eters, a laterally movable armature pin mounted 
On the dial for bodily movement therewith, a 
pair of taper-indicating pointers on each side of 
the dial, each pair normally gravitating against 
Opposite sides on opposite ends of the pin in one 
position of the latter relatively to the dial, elec 
trically controlled clutches for respectively hold 
ing the members of respective pairs of the 
pointers at any assumed maximum positions as 
driven by Opposite movements of the pin moving 
bodily With the dial, electric means controlling 
the lateral position of the pin on the dial to be 
Operatively engaged by either pair of pointers 
or alternatively by only one pair, and means 
responsive to different rotary positions of the 
transmitter for energizing either one or both of 
Said clutches as the case may be, said last 
named means in the one position of the trans 
mitter in which one clutch is energized being 
adapted to operate the control means for the pin 
to be set to be operatively engaged by both sets 
of pointers, Said control means in the other posi 
tion of the transmitter in which both clutches 
are energized being adapted to operate the elec 
tric control means for the pin to set it in position 
to be operatively engaged only by one pair of 
said pointers while their respective clutch is ener 
gized. 
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