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5 Claims. (C. 29-407) 

This is a divisional application of parent application 
Serial No. 739,285, filed June 2, 1958, now Patent No. 
3,040,422, granted June 26, 1962. 
The present invention relates to a micrometer method, 

more particularly to a method for adjusting or setting 
valves and hydraulic valve lifters in reciprocating type 
internal combustion engines. 

Reciprocating internal combustion engines utilize valves 
for controlling the introduction of fuel to and exhaustion 
of burnt fuel from the cylinders, these valves being con 
trolled in opening and closing by tappets, push-rods or 
the like which are operatively engageable with rotary tim 
ing cams on a cam shaft. in one design of engine, a 
rocker arm is interposed between the tappet (or push-rod) 
and the stem of the valve, this rocker arm being pivotally 
mounted on a fixed support and rocked in response to 
operative engagement of the tappet with the timing cam. 
This rocking motion of the rocker arm causes alternate 
opening and closing of the intake and exhaust valves. 

It is essential in securing proper operation of the engine 
that the push-rods and tappets be adjusted with respect 
to the respective timing cams So as to cause the intake 
and exhaust valves to open and close at the proper points 
in the combustion cycle, and to this end, some type of 
adjustment is usually provided for adjustment. 

Modern-day engines utilize hydraulic valve lifters in 
combination with push-rods for securing improved opera 
tion of the engine; however, it is essential that the lifter 
be adjusted to its mid-travel position in order to realize 
the available optimum performance. The rocker arms 
used in conjunction with the hydraulic valve lifters are 
pivotally mounted on fixed studs extending from the 
engine block, nuts being received on these studs and ad 
justable to force the rocker arms into operative engage 
ment with the respective push-rods and the push-rods in 
turn against the piston in the hydraulic valve lifter. By 
adjusting the stud nuts to the proper position, the piston 
in the hydraulic valve lifter is moved to its mid-travel posi 
tion in its cylinder. The only method known to applicant 
for adjusting these valve lifters is the one wherein the 
stud nuts are turned downwardly a sufficient distance to 
bottom the piston in its cylinder to obtain a starting point 
from which an adjustment may be made. This is necessary 
because of the cumulative manufacturing tolerances in 
the mechanism parts. The stud nuts are then adjusted 
rearwardly, or, in other words, unscrewed, a fraction of 
a revolution, the pitch of the threads in the stud nuts being 
relied upon to provide the adjustment needed to move 
the valve lifter piston to its mid-travel position. This 
method of adjustment is, of course, subject to error inas 
much as the threads on the stud nuts are not precision 
formed. Also, this stud nut adjustment is effected manual 
ly by a workman, who relies upon his judgment as to 
how far the nut is turned. Thus, adjustment of the valve 
lifter is not accurately achieved, resulting in a sacrifice of 
engine performance. 

This manual method of adjustment is further subject 
to the criticism that in the original manufacture of the 
engine, it is slow and tedious and therefore consumes con 
siderable labor, which is expensive. 

It is, therefore, an object of this invention to provide 
a method for adjusting or setting the valve mechanism 
of an internal combustion engine in a minimum of time 
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2 
and with a degree of precision which is independent 
Substantially of manufacturing tolerances. 

It is still another object of this invention to provide a 
method for adjusting valve assemblies with micrometer 
precision in a manner which is substantially independent 
of manufacturing tolerances in the assembly. 

It is still another object of this invention to provide a 
method for making a precision measurement from a 
reference point in space, which is automatically located, 
to a second point spaced therefrom. 

Other objects will become apparent as the description 
proceeds. 
To the accomplishment of the above and related ob 

jects, my invention may be embodied in the forms illus 
trated in the accompanying drawings, attention being 
called to the fact, however, that the drawings are illus 
trative only and that specific change may be made in the 
Specific constructions illustrated and described, so long 
as the scope of the appended claims is not violated. 

In the drawings: 
FIG. 1 is a side elevation of one embodiment of this 

invention, in part section, showing a valve assembly of 
an internal combustion engine immediately following an 
adjustment; 
FIG. 2 is a fragmentary sectional view taken substan 

tially along the section line 2-2 of FIG. 1; 
F.G. 3 is a schematic diagram of the electrical pneu 

matic and hydraulic system used in conjunction with the 
apparatus of FIG. 1; 

FIG. 4 is a fragmentary, diagrammatic illustration in 
part Section showing a second embodiment of this in 
vention; and 

F.G. 5 is a longitudinal sectional view of still another 
embodiment of the invention. 

Referring to the drawings, and more particularly to 
FIG. 1, a conventional valve assembly of a typical over 
head valve, internal combustion engine is shown as com 
prising the usual timing cam 10 mounted for rotation on 
a can shaft 12. In operative engagement with the timing 
cam 10 is a conventional hydraulic valve lifter 14 which 
comprises a piston 6 reciprocable in a cylinder 18 and 
a compression spring 20 interposed between the piston 
and the cylinder. A push-rod or tappet 22 is engaged at 
its lower end with the head of the piston 16 and at its 
upper end with one arm 24 of the usual rocker arm. 26. 
The rocker arm 25 is pivotally or rockably mounted on 
the motor block 28 by means of a stud 30 threaded on 
its upper end portion. 32. The rocker arm 26 is conven 
tionally a rigid, sheet-metal stamping which is formed 
with a clearance hole 33 at the base of a convexed or 
dished portion, this hole 33 receiving the stud 30. In 
engagement with the inside of the dished portion is a 
contour washer or collar 34 contoured convexly or spheri 
cally to fit the inner surface of the dished portion so that 
the rocker arm is free to swing or pivot in the plane of 
the drawing. A locking and adjusting nut 36 is threaded 
on the stud portion 32 until it engages the collar 34 to 
secure the rocker arm against removal from the stud 30. 
The right-hand arm 38 of the rocker arm 26 engages 

the upper end of the valve stem. 40. The valve stem 40 
carries the usual valve head 42 which operates to open 
and close the companion port 44 in the cylinder head. 
A valve spring 46 normally retains the valve head 42 
closed and functions in the usual manner. 

In operation and with all parts properly assembled and 
adjusted, rotation of the timing cam 10 produces recipro 
cation of the valve lifter 4 and its push-rod 22. This ac 
tion is transmitted to the rocker arm 26, causing it to 
rock about the mounting stud 30 and in turn to cause re 
ciprocation of the valve 42. The forces of the two springs 
20 and 46 coact to provide a constant upward force on 
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the rocker arm 26 which holds the latter into assembly 
against the contour washer 34. 

Conventional hydraulic valve lifters, such as the one 
just described, must be properly adjusted in order to 
achieve proper operation thereof. Since the valve lifter 
is composed of a cylinder 18 and piston 16 and the piston 
16 must be free to reciprocate in opposite directions from 
a mid-travel position, it is obviously necessary that the 
piston 16 be originally adjusted or set in its cylinder 18. 
This adjustment is achieved, according to one method, 
by turning the stud nut 36 downwardly on the mounting 
stud 30 until the piston 16 is bottomed in the cylinder 18. 
In other words, the lower end of the piston 16 is abutted 
against the lower end of the cylinder 18. The nut 36 is 
next turned upwardly, or, in other words, unscrewed, a 
sufficient distance to permit the spring 20 to move the 
piston 16 to its mid-travel position. Knowing the pitch 
of the threads, it may be predetermined that a partial 
revolution of the nut 36 will position the piston 16 at its 
mid-travel point in the cylinder. In other words, after 
tightening the nut. 36 to the point at which the piston 16 
is bottomed in its cylinder, a three-quarter reverse turn 
of the nut will set the piston 16 at its mid-travel position, 
assuming, of course, that the pitch of the threads is such 
as will provide this adjustment. Another method is to 
turn the nut 36 downwardly three-quarters of a turn from 
the point at which slack in the assembly is taken up, again 
relying on thread pitch for accuracy. 
These methods of adjustment have been used primarily 

for the reason that manufacturing tolerances in the vari 
ous arts are cumulative and cannot be predicted with any 
fair degree of accuracy prior to the assembly operation, 
unless, of course, they are precisely measured. Since, in 
the mass production of automotive engines, it is of prime 
concern to the economy of manufacturing that precision 
requirements be kept to a minimum, it being considerably 
more time-consuming and expensive to manufacture a 
part with a high degree of precision, all the parts used 
in the conventional valve-operating mechanisms, in the 
interests of economy and insofar as possible, are manu 
factured with only a low degree of precision. 
The present invention provides a method which op 

erates in a manner which is the antithesis of the prior 
methods; i.e., in the adjusting operation, the nut 36 is 
merely turned downwardly in a single operation until the 
piston 16 is properly set to its mid-travel position. In 
achieving this adjustment, it is not necessary partially to 
return or unscrew the nut 36 in order to secure adjust 
ment, nor is it necessary to rely on thread pitch for se 
curing a length of adjustment. 
The apparatus of this invention comprises a conven 

tional nut or stud driver 48 having a rotary wrench or 
socket 50 which fits the nut 36. Preferably, this stud 
driver 48 is powered by an air motor, but, of course, this 
invention is not limited thereto. Such stud drivers con 
ventionally incorporate torque-limiting means which 
automatically control the rotation of the socket 50 when 
reactionary torques in excess of a predetermined value 
are encountered. Suffice it to say, the stud driver used 
in this invention is conventional and is available on the 
open market. 
The stud driver 48 is securely mounted on a steel or 

the like frame 52. To the upper end of this frame 52 is se 
cured a piston rod 54 of a reciprocable air motor 56, the 
cylinder of this motor being stationary and fixedly se 
cured to some suitably rigid framing structure (not 
shown) which is fastened directly to or with respect to the 
engine 28. By means of this mounting arrangement, 
the motor 56 may be operated to produce selective recip 
rocatory movement of the frame 52 with respect to the 
engine 28 and all of the parts mounted thereon. A stop 
sleeve 57 inside the cylinder 56 limits protraction of the 
piston and its rod 54 to prevent over-travel of the frame 
52. 
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4 
type air motor or cylinder 58 having a reciprocable plung 
er 60 extending from the end thereof. A clevis 62 is 
mounted on the lower end of the plunger 60 and pivotally 
mounts a clamping arm 64, preferably bifurcated at its 
outer end to straddle the wrench or socket 50 and the nut 
36. As shown, the outer ends of the furcations 66 are 
offset downwardly slightly and are engageable with the 
upper respective portions of the rocker arm 26. This 
engagement is assured by a suitably preformed bar spring 
68 which is secured to the plunger 60 to bear against the 
clamping arm 64. The arm 64 is therefore yieldably 
urged counterclockwise about its pivot. 
Of importance is the fact that the force exerted by this 

bar spring 68 as it operatively bears against the clamp 
ing arm 6-3 and the rocker arm 26 is insufficient to cause 
any compression of the spring 20 in the hydraulic valve 
lifter. The primary purpose of this clamping arm 64 is 
to force gently the rocker arm 26 downwardly into en 
gagement with the ends of the valve stem 40 and push 
rod 22 and, in turn, to produce a firm but gentle engage 
ment of all the valve-operating parts. This takes up any 
slack motion in the assembly. Of course, since the valve 
spring 46 is much stronger than the lifter spring 20, 
neither of the two springs 46 and 20 will be compressed 
by the clamping spring 68 nor will the piston 16 be 
noved. 
The air cylinder 58 is operable to protract the clamping 

arm 64 into engagement with the rocker arm 26 as well 
as to retract the clamping arm from engagement there 
with. 
On the side of the frame 52 opposite the air cylinder 58 

is fixedly mounted a hydraulic cylinder 70 which recipro 
cably receives the usual piston 72 (see FIG. 2). Secured 
to and extending from the piston 72 is the usual piston 
rod 74, this piston rod carrying on its outer end a hous 
ing or supporting member 76 which is characterized as a 
"sensing head.” This "sensing head' is preferably formed 
of aluminum or the equivalent to maintain the inertia 
at the lowest possible lever. In order to prevent the "sens 
ing head' from rotating with the piston 72, a reciproca 
ble guide or support 78 is secured at one end to the back 
side (see FIG. 2) of the sensing head 76 and at its other 
end is provided with two spaced, longitudinally extending 
slots 80. These slots receive suitable pins or guide blocks 
secured to the side of the cylinder 70, a slight clearance 
being provided between these pins 82 and the respective 
slots 88. By means of this mounting arrangement, recip 
rocating movement of the piston rod 74 produces the same 
movement of the sensing head 76, since the supporting 
guide 78 is capable of longitudinal, sliding movement 
with respect to the cylinder 76. 
As seen more clearly in FIG. 1, the sensing head 76 

carriers internaily thereof a sensing finger 84 which is a 
common lever pivoted intermediate its ends on a pin 86 
mounted transversely in and movable with the sensing 
head 76. A compression spring 88, fitted in a suitable 
socket in the sensing head 76, extends into engagement 
with the lower arm 90 of the sensing finger, tending to 
pivot the latter in a clockwise direction. The upper arm 
92 of the sensing finger normally engages and holds open 
an electrical or micro-switch 94. This micro-switch is 
of the single pole, single throw variety, and is normally 
spring-biased to a closed position. However, by reason 
of the engagement of the arm 92 therewith, the switch is 
held open. 

This switch 94 is mounted for adjustment inside the 
sensing head 76, this mounting being provided by means 
of a suitable bracket 96 which is slidably received in a 
milled groove 98 in the back wall of the sensing head 
76. A precision micrometer 100 having a shaft extend 
ing through the end of the wall 102 of the sensing head 76 
is connected to the bracket 96 such that adjustment of 
the micrometer 100 will effect reciprocatory movement 
of the bracket 96 in its trackway or groove 98. The 

On one side of the frame 52 is mounted a reciprocating 75 micro-switch 94 is secured to the bracket 96 and will, of 
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course, move therewith. By this means of adjusting the 
Switch. 94, it is possible to alter the point inside of the 
sensing head 76 at which the arm 92 will engage the 
switch. A second single pole, double throw switch 104 
is mounted directly on the rear wall of the sensing head 
76 on the side of the arm 92 opposite the switch 94. 
This switch 54 is spaced from the arm 92 when the lat 
ter is engaged with the switch. 94, and is so positioned 
that counterclockwise movement of the finger about its 
pivot will cause engagement of the arm 92 with the 
switch 194. The two switches 94 and 194 are spaced 
sufficiently far apart that in moving the arm 92 first out 
of engagement with the switch 94 and secondly into en 
gagement with the other switch 04, the switch 94 will 
be disengaged or actuated prior to engagement or actua 
tion of switch E04. The same sequence of disengage 
ment and engagement in reverse order follows when the 
arm 92 moves from the switch 104 to the switch 94. The 
spacing of these two switches determines the length of 
measurement by the apparatus. 
As seen in FIG. 1, the lower arm 96 of the sensing 

finger is hook-shaped with the end engaging the upper 
surface of the rocker arm 26 at a point 06 adjacent the 
upper extremity of the push-rod 22. The reason for this 
engagement will be explained further in the following. 

Considering for the moment only the operation of the 
Sensing head 76, its primary function is to locate a posi 
tion in space, e.g., the point :06 at which the arm 90 
engages the rocker arm 26. This locating function is 
accomplished in the following manner. The hydraulic 
cylinder 70 is operable to protract the sensing head 76 
in the direction of the arrow F, as shown in FIG. 2. 
Hydraulic fluid under pressure introduced into the cylin 
der chamber 98 bears against the piston 72, resulting 
in movement of the sensing head 76. The return spring 
10 bearing against the opposite side of piston 72 retracts 

the piston and the sensing head 76 when the hydraulic 
pressure in the chamber 108 is relieved. 

In starting operation, the piston 72 is fully retracted 
and no hydraulic pressure is present in the chamber 108. 
The sensing head 76 is thereby positioned rearwardly a 
distance sufficient to space the sensing arm 90 from the 
rocker arm 26. In this position, the arm 92 engages 
switch. 94. Upon introduction of liquid under pressure 
to the chamber 08, the sensing head 76 is moved for 
wardly until the sensing arm 90 engages the rocker arm 
26 at point 106. Continued protractile movement of the 
sensing head now results in swinging the sensing finger 
84 about its pivot 86 until such time as engagement with 
the switch 94 is broken and engagement with the switch 
104 is made. Suitable electrical and hydraulic circuitry 
properly coupled to the two switches 94 and E64 as well 
as to the hydraulic cylinder 70 results in immediate stop 
ping and locking of the piston 72 as well as the sensing 
head 76 in position. In this position, the sensing arm 
90 is engaged with point 106 on the rocker arm and the 
arm 92 in operative engagement with the switch 104. As 
already stated, and this is important with respect to the 
proper operation of the invention, the sensing head 76 
is locked in this position. The means for locking the 
sensing head will be explained later on. 
The point 106 may now be said to be established or 

located in space, and insofar as the further operation is 
concerned, the mechanism will effect an accurate meas 
urement axially downwardly of the push-rod 22 from this 
point 66. By threading the stud nut 36 downwardly, as 
explained earlier, the rocker arm 26 will also be moved 
downwardly. This movement is in a direction away from 
the sensing arm 96, and the sensing head 76 being locked, 
the arm 99 will swing clockwise about its pivot 86, caus 
ing the arm 92 to leave the switch 104 and engage the 
switch. 94. The moment the switch 94 is engaged, the 
electrical and hydraulic circuitry, to be described herein 
after, stops the stud driver 48, thereupon stopping the 
threading action of the nut 36. The operation of adjust 
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6 
ment is now complete, the lifter piston 16 having been 
depressed to its mid-travel position, and the hydraulic 
cylinder 70 is deactuated, permitting the sensing head 76 
to retract under the force of the return spring 110. 

In FIG. 3 is illustrated, in schematic form, the elec 
trical pneumatic and hydraulic system which is used to 
effect the operation of the apparatus thus far described. 
The hydraulic system comprises a variable volume cylin 
der 12 having a reciprocable piston 14 which defines 
two variable volume chambers 16 and 18, respectively, 
on opposite sides thereof. The chamber 118 is connected 
by a hydraulic line 120 to the chamber 108 of the cylin 
der 70, a normally open hydraulic valve 122 being series 
connected in the line 120. This valve 122 is equipped 
with the usual electrical solenoid or electromagnetic actu 
ator which is selectively operable to open and close the 
valve. 
The chamber 18, line 120 and the chamber 108 of 

this hydraulic system are filled completely with hydraulic 
fluid, with all air or compressible fluids being exhausted 
or bled therefrom. Thus, movement of the piston 114 
toward the right results in corresponding movement of 
the sensing piston 72. By closing the valve 122, the 
hydraulic fluid is locked in the chamber 108, thereby pre 
venting the piston 72 from moving. Rearward move 
ment is prevented, because the hydraulic fluid is non 
compressible. Forward movement is prevented by rea 
son of the spring 110 and air or atmospheric pressure 
bearing on the right-hand face of the piston 72. 
The chamber 116 of the cylinder 12 is pneumatic, 

meaning that it is adapted to receive air under pressure 
for effecting movement of the piston 114. An air line 
124 is connected to this chamber 16, a normally closed 
air valve 426 being connected in series with this line. 
This air valve 26 is electrically operated, being equipped 
with a solenoid or suitable electromagnetic actuator which 
is selectively operable to open the valve upon the receipt 
of an energizing voltage. The clamping cylinder 58 is 
pneumatically operated and is connected to the line 124 
through a one-way ball check valve 125 or the equivalent. 
The return spring 128 bearing against the clamping piston 
130 exerts a retracting force thereon and otherwise pre 
vents protractile movement of the piston unless air under 
pressure is applied thereto. A manually operable exhaust 
valve 127 connects to the cylinder 58 for controlling the 
release of pneumatic pressure in the cylinder. 
Of importance is the fact that the clamping cylinder 

58 is designed to be faster acting than any other of the 
apparatus components. By this is meant, now referring 
to FIG. 1, when the apparatus is first actuated, the clamp 
ing cylinder 58 operates first to move the clamping lever 
64 into engagement with the rocker arm 26. Thereafter, 
the sensing head 76 is protracted to effect engagement of 
the sensing finger with the rocker arm. While this sequen 
tial operation is achieved preferably by simply selecting 
a clamping cylinder 58 which is faster acting than the 
other apparatus components, the use of restrictions or 
valves in the pneumatic and hydraulic lines of the system 
at desired locations will effect the same end result. For 
example, a restriction could be inserted between the cham 
ber 16 and the line 124 which will prevent the piston 
114 from moving as rapidly as the clamping piston 130. 
By opening the valve 126, air under pressure admitted 

to the line 124 will result in protraction of the piston 
114. This results in displacement of the hydraulic fluid 
in the chamber 112 which flows through the valve 122 
and line 120 into the chamber 108. This displaced fluid 
then protracts the piston 72. Relieving this air pressure 
admitted to the line 124 or exhausting the pressure 
through the valve 126 permits the return spring 10 in 
the cylinder 70 to force the piston 72 rearwardly, there 
by displacing the liquid rearwardly into the chamber 
118. A second air line 132 is coupled to the stud driver 
48 through a normally closed air valve 134 which may 
be of the same design as that of valve 126. Air pressure 
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admitted to this line 132 and fed to the stud driver 48 
affectuates forceful rotation of the wrench or socket 59. 
The electrical circuitry of the system will now be de 

scribed. Two electromagnetic control relays, indicated 
generally by the reference numerals 136 and 138, are 
provided with the usual actuating coils 140 and 142, re 
spectively. The relay 136 is provided with two nor 
mally open switches 144 and 146, respectively, while 
the relay 138 is provided with three normally open 
switches 148, 150 and 152, respectively. The coil 140 
is connected across the power line terminals 154 and 
156 through a normally open starting switch 158. The 
normally open switch 144 is series-connected between 
the upper end of the coil 40 and the stator contact 
60 of the Switch 104. The switch 46 is connected in 

series with the electrical actuator of the valve 126 and 
the lines extending from the power terminals 154 and 
156. 
The coil 142 of the relay 138 is connected in series 

with the terminal 154 and the stator contact 62 of Switch 
104. The normally open switch 48 is also connected 
in series with this stator contact 62 and in addition to 
the normally open contact 164 of the switch 94. 
The normally open switch 150 is connected in series 

with the electrical actuator of the valve 122 and the 
power line terminals 154 and 156. The normally open 
switch 152 is connected in series with electrical actuator 
of the valve 134 and the two terminals 154 and 156. 
The armature contacts 166 and 68 of the two switches 
94 and 104, respectively, are connected together and to 
the terminal 56. As mentioned earlier, the movable 
arm or armature of the switch. 94 is spring-biased to 
engage normally the stator contact 164, and the movable 
arm of the switch 164 is spring-biased normally to en 
gage the stator contact 160. The Spring 88 in the sens 
ing head normally urges the sensing finger into engage 
ment with the switch 94 so as to hold the armature out 
of engagement with the fixed contact 164. 
The operation of the electrical system may now be 

explained. Closure of the switch 158 results in ener 
gizing the coil 140 and closure of the two switches 144 
and 146. The switch 144 establishes a hold-in circuit 
for the coil 140 via the Switch 04. Closure of the switch 
146 results in actuation of the air valve 26, opening it 
and permitting air under pressure to be admitted to the 
cylinder chamber 116 and to cylinder 58 through valve 
125. The valve 25 is spring-biased to closed position 
and automatically opens only when air pressure is ap 
plied thereto from line 124. The valve 125 prevents 
reverse flow from the cylinder 58. The clamping cyl 
inder 58 is first to operate fully, movement of the pis 
ton 114 in the cylinder 112 following displacing the 
liquid in the chamber 118 to the sensing cylinder cham 
ber 108. This results in protraction of the sensing head 
76 until the sensing finger 90 engages the fixed or sta 
tionary point 106, at which time the finger 90 is pivoted 
clockwise, resulting in closure of the switch. 94 and 
shifting of the armature in switch 04 from the contact 
160 to the other contact 62. The moment switch 104 is 
thus actuated, an energizing circuit is established to the 
relay coil i42 and the relay coil 140 is de-energized, 
opening the two switches 44 and 146. The cylinder 58 
remains actuated, however. The switches 143, 150 and 
152 close, the switch 143 providing a hold-in circuit 
for the coil 142 via the switch 94. Closure of the switch 
150 results in actuation and closure of the hydraulic 
valve 122, thereupon locking the hydraulic fluid in the 
chamber 103. This prevents the sensing piston 72 from 
moving either forwardly or rearwardly and, of course, 
stops movement of the sensing head 76. In this position 
of the sensing head, the finger 90 is in engagement with 
the fixed or reference point 186. Closure of the switch 
152 results in establishing a circuit to the valve 34, 
opening it and admitting air under pressure to the stud 
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driver 48. The socket or wrench 50 is now caused to 
rotate, as explained earlier. 
Now referring briefly to FIG 1, as the wrench 50 ro 

tates, the nut 36 will be turned downwardly on the stud 
30. This results in the reference point 156 moving in 
a direction away from the sensing arm 90, thereupon 
permitting the sensing arm to swing about its pivot 86 
in a direction which permits the armature of the switch 
i84 to finally break engagement with the contact 162 
and make an engagement with the contact 60. Nothing 
happens when this switch 104 moves from its contact 
62 to its other contact 60, since the switch 94 estab 

lishes a hold-in circuit for the relay 138. Continued 
pivoting of the sensing arm 9th causes the arm 92 next to 
engage the switch 94 and to break the engagement with 
the contact 64. The moment this happens, the entire 
system is deactuated or otherwise stopped, the relay 138 
being de-energized, thereupon opening the hydraulic 
valve 122 and closing the air valve 434. The adjust 
ment of the stud nut 36 is now complete, and it has been 
moved downwardly on its stud 30 a distance correspond 
ing to the distance which the sensing finger 92 travels 
in breaking its engagement with the switch 04 and 
finally opening the switch 94. Thus, the distance which 
the nut 36 may be threaded on the stud 39, or, in other 
Words, the distance which the nut 39 may be moved 
downwardly toward the engine block 28, is gauged and 
corresponds to the spacing between the two switches 
94 and 104. In order to release the clamping cylinder 
58, the valve 127 is operated to exhaust the air pressure 
from the cylinder. 
The following will be an explanation of the operation 

of the invention in connection with adjusting the hydraulic 
valve lifter of FIG. I. 

ignoring for the moment the adjusting apparatus and 
considering only the valve-operating mechanism which 
comprises the valve lifter 4, the push-rod 22, the rocker 
arm 26, the mounting stud 30, and the valve stem 40, 
the valve lifter i4 and the valve assembly 40, 42, 46 are 
first installed in the engine. In this installation, the push 
rod 22 is first engaged with the piston 6 of the valve 
lifter and positioned substantially as shown in the draw 
ing. Next, the rocker arm 26 is passed over the stud 30 
until it engages and rests on the upper ends of the push 
rod 22 and the valve stem 40. The rocker arm will as 
sume substantially the position as shown in the drawing. 
The contour washer 34 is assembled and the nut 36 is 
Started on its threads. This is all that is required prior 
to the use of this invention. 

During this assembly of the valve-operating parts, the 
apparatus of this invention is, of course, retracted or 
otherwise removed from the working area by means of the 
power cylinder 56 which carries the frame 52. Immedi 
ately following this rough assembly work, the cylinder 
56 is actuated, causing the frame 52 to move downwardly 
along a centerline which places the wrench 50 over the 
nut 35. In this position, the clamping cylinder 58 as 
well as the sensing cylinder 70 are fully retracted, the 
Sensing head 76 being spaced rearwardly from the po 
Sition illustrated and the clamping arm 64 being similarly 
spaced rearwardly. 
The switch 158 of FIG. 3 may now be closed. This re 

Sults in the actuation of the air cylinder 58 which moves 
the clamping arm 64 into engagement with the rocker 
arm 26. The force of the clamping arm against the 
rocker arm moves the push-rod into firm engagement with 
the lifter piston 16, and the upper end of the valve stem 
48 is assured, taking up all slack motion therebetween. 

With the rocker arm 26 so held in position by means of 
the clamp 64, the sensing head 76 moves forwardly or 
Cutwardly from the cylinder 70 until the sensing arm 90 
touches the rocker arm at the indicated point 106. 
The spring 88 which bears against the sensing arm 90 
being weaker than the hydraulic lifter spring 20, the 
Sensing arm 90 will now begin to swing counterclockwise 
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with continued forward movement of the sensing head 76. 
This counterclockwise movement will continue until the 
arm 92 engages the switch 404, resulting in actuation 
of the valve 122 and locking of the sensing head 76 in 
position. Since the micro-switches 104 are relatively 
fragile and expensive, a third arm engageable with a 
stop on the sensing head may be provided on the sensing 
finger 84. 
At the moment of this locking, the apparatus has ef 

fectively determined the spatial position of the rocker arm 
26, or, in other words, has established the point 106 as a 
spatial reference from which a measurement may now 
be taken wtih respect to the engine. 
As already explained, the moment the switch 194 is ac 

tuated, the stud driver 48 is energized, causing rotation of 
the wrench 50. This threads the nut 36 downwardly on 
the stud 30, causing a corresponding downward move 
ment of the rocker arm. 26. Since the valve spring 46 is 
relatively strong, only the lifter spring 20 will be com 
pressed. Compression of this lifter spring results from 
downward movement of the push-rod 22 with the rocker 
arm 26 and corresponding movement of the lifter piston 
16. When the rocker arm 26, or, more precisely, the point 
06, has moved downwardly a distance which permits the 

sensing finger to move from the switch 104 to the switch 
94, the lifter piston 16 will have been moved downwardly 
a distance corresponding to the spacing between the two 
switches 94 and E64. With the actuation of the switch 
94 and the valve 27, the system is deactuated, stopping 
the stud driver 44 and causing the entire apparatus to 
retract by means of fluid pressure admitted to the power 
cylinder 56. This completes the adjusting operation of 
the lifter piston 16, this adjustment being completely 
independent of manufacturing tolerances in the various 
valve-operating parts, since the apparatus establishes a 
reference point in space and makes a measurement from 
this reference point. For example, if the push-rod 22 were 
an eighth of an inch longer than that shown, the sensing 
head 76 would nevertheless provide a measurement of 
the same length or distance. Thus, manufacturing toler 
ances in the valve-operating parts may be appreciably 
relaxed, thereby leading to substantial economies in the 
production of these parts. Also, relaxation of tolerance 
requirements reduces appreciably the number of parts 
rejections, thereby lowering the overall cost. Still fur 
ther, since the apparatus of this invention is, for all 
practical purposes, fully automatic, it is able to complete 
an adjustment in a matter of seconds, which normally re 
quires an operator or workman considerably more time 
by the prior method. 
From the foregoing, it will now be apparent that the 

method of this invention comprises the steps of first clamp 
ing the rocker arm 26 for the purpose of taking up any 
slack motion in the push-rod 22 and other valve-operating 
parts. Next, the sensing head 76 establishes the spatial po 
sition of the rocker arm 26 from which an adjustment may 
be measured. Thirdly, the rocker arm 26 is adjusted 
downwardly until the lifter piston 6 reaches its mid 
travel position, at which point the sensing head 76 com 
pletes its measurement from the reference point and stops 
the operation of the mechanism. This method of ad 
justment effects an accurate and precise setting of the 
valve-operating parts. While the method has been de 
scribed as being particularly adapted to the adjustment 
of hydraulic valve lifters, it will of course appear obvious 
to persons skilled in the art that the same method may be 
employed in adjusting other mechanisms, for example, the 
conventional Screw-type, valve tappets. 
A second embodiment of the present invention is shown 

in FIG. 4. Like numerals will indicate like parts. The 
sensing head of this embodiment employs as a sensing 
finger a plunger or reciprocable member 172 which pro 
jects through the end wall of the sensing head 76 and is 
spring-biased outwardly by a compression spring 174. 
An arm 575 extends laterally from the plunger 172 and 
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10 
is movable between and engageable with the two switches 
94 and 04. The sensing head 76, instead of being oper 
ated by means of a hydraulic cylinder, is mounted on a 
rack 76 engageable by a pinion of a reversible electric 
motor 178. A return spring 180 may be connected be 
tween the end of the rack 176 for exerting a retracting 
force thereon to insure complete withdrawal of the sens 
ing head 76 from the rocker arm when the adjusting cycle 
has been completed. 
The plunger arm 175 normally engages the switch. 94, 

as illustrated by the dashed outline of the arm, by means 
of the spring 74. When the motor 178 is energized to 
advance the sensing head 76 toward the rocker arm 26, 
the outer end of the plunger 172 will engage the rocker 
arm and will move rearwardiy with respect to the sens 
ing head 76 as the latter continues to advance. Eventu 
ally, the arm i75 engages and actuates the switch 194 
which is connected to suitable, conventional circuitry 
for de-energizing the motor 178 and for locking or clamp 
ing a brake on the motor to hold the sensing head 76 in 
position. The stud nut 36a having a convex underside 
is next turned downwardly on the stud 30, moving the 
rocker arm 25 away from the sensing head 76. This per 
mits the plunger arm i 75 to disengage the switch 194 
and engage the switch 94. The switch 94, as in the case 
of FIG. 3, is connected into disabling circuitry which 
provides an indication or system operation terminating 
the adjustment of the nut 36a. 
A more refined design and arrangement of the appa 

ratus showin in FIG. 4 is found in the third alternative 
embodiment of this invention, as illustrated in FIG. 5. 
In this embodiment, the hydraulic sensing cylinder 70a 
receives a reciprocable piston 72a to which is secured 
and passed through a tubular piston rod 74a. Suitable 
O-ring seals 82 are provided in the opposite ends of the 
cylinder 70a to prevent the escape of pressure liquid. 
The return spring Aiea bears against the piston 72a urg 
ing it to its illustrated retracted position. The cylinder 
79a is provided with an end plug 84 centrally bored to 
slidably receive therethrough the extended piston rod 
74a. Again, a suitable O-ring seal 86 is provided be 
tween this plug and the piston rod 74a to prevent the es 
cape of pressure liquid from the cylinder. On the right 
hand end of the coaxially extended piston rod 74a is re 
ceived a first carrier block 183. This carrier block may 
be cylindrical in shape with a flat on one side, this fiat 
having mounted thereon the micro-switch. 94a. This 
switch 94a may be identical to the switch 94 of FIGS. 1, 
2 and 3. Spaced from the first carrier block 188 is a 
second carrier block 90 which is also provided with a flat 
on one side for mounting the second switch 104a. Suit 
able pins or mounting means may be used for securing 
the two carrier blocks 38 and 1982 together. Thus, the 
two carrier blocks 188 and 190 are fixedly secured to the 
piston rod 74a and will therefore move with the piston 
72a. 
A sensing rod or pin 94 is telescopically received 

through the piston rod 74a and projects outwardly as 
shown from the left-hand end of the piston rod as well 
as from the right-hand end as shown. The carrier block 
190 is provided with an enlarged bore which receives the 
right-hand end of the pin 94 so that the pin is capable 
of free-sliding movement relative to the piston rod 74a 
as well as the two carrier blocks 188 and 90. 
On the sensing pin 194 and in the space between the 

two carrier blocks 88 and 190 is mounted and secured 
a sensing cam E96 which is held normally in operative 
engagement with the switch. 94a by means of a compres 
sion spring 198. This sensing cam 196 is also operatively 
engageable with the switch 104a when the sensing pin 
194 is moved toward the right relative to the piston rod 
74a. 

In this embodiment of FIG. 5, the piston rod 74a in 
combination with the carrier blocks 188 and 90 may be 
functionally compared to the sensing head 76 of FIG. 1. 
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The cylinder 70a is fixedly mounted on a frame the same 
as the cylinder 70 of F.G. 1. In operation, hydraulic 
fluid under pressure is admitted to the right-hand side of 
the piston 72a which forces the latter toward the left 
and carries with it both the piston rod 74a and the sens 
ing pin 194. When the sensing pin 34 engages the work 
piece such as the rocker arm 26, the sensing pin is moved 
rearwardly with respect to the piston rod 74a until the 
switch. 94a is deactuated and the switch 34 is actuated. 
When this happens, the liquid in the cylinder 70a is locked 
or otherwise prevented from escaping and the work-piece 
(rocker arm 26) is moved in a direction away from (to 
ward the left) the end of the sensing pin 94. This per 
mits the sensing pin to move leftward relative to the pis 
ton rod 74a under the force of the spring 98, which 
eventually results in deactuation of the switch 46a and 
actuation of the switch. 94a. When this occurs, a posi 
tive indication is produced that the adjusting operation 
has been completed. 

Preferably, the carrier block 190 is provided with an 
adjusting screw for varying the spacing between the two 
blocks 188 and 190. By this means, the micrometer ad 
justment made possible by means of the relative move 
ment between the sensing pin 94 and the piston rod 74a 
may be preset to that desired. 

In some instances, the embodiment of FIG. 5 is pre 
ferred over that of FIG. 1. Note, for example, that the 
sensing finger 84 of FIG. 1 is swingable about a pivot 86. 
Also note that the push-rod 22 moves axially, or, in other 
words, linearly. By reason of the arcuate motion of 
the point of contact of the sensing finger 84 with the 
rocker arm 26, the rectilinear movement of the push-rod 
22 cannot be linearly related to the angular movement of 
the finger 84. In the embodiment of FIG. 5, a full, linear 
relationship exists, because the sensing pin 94 moves in 
substantially the same direction or parallel to the direc 
tion of adjustment of the push-rod 22, whereupon sensing 
pin movement 194 is directly, linearly related to the ad 
justment of the push-rod 22 over any distance through 
which an adjustment might be made. Thus, the microm 
eter of FIG. 5 is capable of providing linear adjustments 
over a longer distance than is true of the embodiment 
of FIG. 1. However, the apparatus of FIG. 1 is pre 
ferred in those instances in which space limitations re 
quire that the cylinder 7G be offset from the work-piece 
(26), as is true in setting the rocker arm 26. 
The fundamental principles of this invention are ca 

pable of being utilized in the provision of micrometer ap 
paratus which performs no function other than to meas 
ure distances from a reference point in space. For ex 
ample, the apparatus of FIG. 1 could have eliminated 
therefrom the stud driver 48, and an indicator light or the 
like could be substituted in series with the Switch E52 of 
FIG. 3 instead of the valve 34. Thus, when the mi 
crometer apparatus responded to the manual threading of 
the stud nut 36 onto the stud 33, the indicator light would 
flash on, indicating that the adjustment is complete. The 
apparatus thus becomes a micrometer capable of finding 
a reference point in space and providing a precise meas 
urement from this reference point. 
Of particular importance in this invention is the pro 

vision of a hydraulic cylinder as the device for operat 
ing the sensing heads 76 and 7ea. This hydraulic cylin 
der (cylinders 70 and 70a) is preferably small in size, 
approximately one (1) inch in diameter and four (4) 
inches in length. Being of such small size, only a small 
amount of hydraulic fluid is required to displace the pis 
ton (72, 72a). This small amount of fluid obviously 
possesses only negligible inertia so that over-shooting due 
to the momentum of the moving parts is either non 
existent or negligible. This makes it possible, merely 
by closing the hydraulic valve 122 of FIG. 3, to stop im 
mediately and position precisely the sensing head 76. The 
oil being incompressible, the Sensing head cannot be 
moved rearwardly after the valve 122 is closed. Also, 
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the sensing head cannot be moved forwardly because of 
atmospheric pressure bearing against the piston. As will 
now be apparent, this negligible inertia in the hydraulic 
system contributes greatly to the preciseness with which 
measurements may be taken, and since the present in 
vention is directed to the principle of preciseness of meas 
urenient, the use of hydraulics in moving and locking 
the sensing head in adjusted position becomes important. 
While the present invention has been explained in con 

nection with the adjustment of hydraulic valve lifters in 
reciprocating engines, it will of course appear as obvious 
to a person skilled in the art that the apparatus is useful 
for adjusting of her types of mechanism. In any event, 
the present invention is accurately operable irrespective 
of manufacturing toierances in the parts being adjusted, 
this feature being doubly significant in the respect that 
first the adjusting operation is substantially automatic and, 
secondly, requires less accurately fabricated parts in the 
assembly being adjusted. Many other advantages and at 
tributes will appear as obvious to a person skilled in the 
TÉ. 
What is claimed is: 
1. The method of determining the adjusted position of 

an assembly of parts loosely connected together, one of 
said parts being movable against a resilient force in one 
direction for taking up the slack motion between all of 
the parts; comprising the steps of moving said one part 
in said one direction to take up the slack in the assembly 
and to engage all of the parts thereof, holding said as 
sembled parts in engagement with each other after the 
slack has been taken up, sensing the spatial position of 
said one part after the slack has been taken up, moving 
aid one part against said resilient force in said one di 
rection for a predetermined distance from said sensed 
position, and thereafter stopping and securing said one 
part at the end of said predetermined distance. 

2. The method of adjusting a hydraulic valve-lifting 
assembly composed of a spring-biased valve, a rocker arm 
pivotally mounted on a fixed stud and engageable with 
the stem of said valve, a hydraulic lifter having a cylinder 
and a spring-biased piston, and a tappet interposed be 
tween the rocker arm and said piston; comprising the 
steps of moving said rocker arm in a direction to take 
up slack motion in the assembly without compressing the 
spring in the hydraulic lifter, clamping said rocker arm 
in the position at which said shack motion is taken up 
with a force just sufficient to engage the valve-operating 
parts with each other, sensing the spatial position of the 
rocker arm after the slack motion has been taken up by 
an apparatus for sensing the spatial position of said 
rocker arm, moving said rocker arm in the direction to 
move the spring-biased piston to its operating position, 
stopping the movement of the rocker arm when the piston 
has reached its operating position, and locking the rocker 
arm in its adjusted spatial position on said fixed stud. 

3. The method of adjusting a hydraulic valve-lifting 
assembly composed of a spring-biased valve, a rocker arm 
pivotally mounted on a fixed threaded stud and engageable 
with the stem of said valve, a hydraulic lifter having a 
cylinder and a Spring-biased piston, and a tappet inter 
posed between the rocker arm and said piston; comprising 
the steps of loosely assembling a rocker arm onto the 
stud, moving said rocker arm om said stud in a direction 
to take up slack motion in the assembly without com 
pressing the Spring in the hydraulic lifter, clamping said 
rocker arm in the position at which said slack motion 
is taken up with a force just sufficient to engage the valve 
operating parts with each other, Sensing the spatial posi 
tion of the rocker arm after the slack motion has been 
taken up by an apparatus for sensing the spatial position 
of said rocker arm, threading a nut onto said stud and 
thereby moving said rocker arm in the direction to move 
the Spring-biased piston to its operating position, stopping 
the threading of said nut and movement of the rocker 
arm when the piston has reached its operating position 
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thereby locking the rocker arm in the adjusted spatial 
position on said fixed stud. 

4. The method of adjusting a hydraulic valve-lifting 
assembly composed of a spring-biased valve, a rocker arm 
pivotally mounted on a fixed stud and engageable with the 
stem of Said valve, a hydraulic lifter having a cylinder 
and a spring-biased piston, and a tappet interposed be 
tween the rocker arm and said piston; comprising the 
steps of moving said rocker arm in a direction to take 
up slack motion in the assembly without compressing the 
spring in the hydraulic lifter, holding said rocker arm in 
the position at which such slack motion is taken up, sens 
ing the spatial position of said rocker arm after the slack 
motion has been taken up, moving said rocker arm a 
predetermined distance from said sensed position in a 
direction to move the piston to its operating position and 
against the force of its spring, and locking the rocker 
arm in the adjusted spatial position on said fixed stud. 
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5. The method of adjusting an element of a valve 

assembly in a reciprocating engine comprising the steps 
of moving said element in a direction to take up any 
slack motion between the various parts of the assembly, 
holding said element in the position at which such slack 
motion is taken up, sensing the spatial position of said 
element after the slack motion has been taken up, moving 
said element against a reactionary force a predetermined 
distance from said spatial position in a direction to engage 
said parts with each other, stopping said movement at 
the end of said distance, and locking said element in said 
stopped position. 
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