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- This invention relates to impact wrenches and |

more particularly to an arrangement for measur-
ing and controlling the degree of tightness of the

driven bolt or nut. Such control is desirable in

many industrial applications, for example in the
assembly of parts of internal combustion engines,
such as cylinder head bolts, connecting rod bolts,
and main bearing bolts.

There are in general two classes of rotary mo-
tor operated impact wrenches in common use.
One is characterized by a torque responsive re-
silient accumulator, which stores potential energy
in a device such as a spring while the driving
shaft rotates ahead of the hammer, releases on
overload, and uses the stored energy to acceler-
‘ate the hammer as it moves into re-engggement
with the anvil or driven element of the clutch,
the driving shaft being rotated more or less con-
tinuously by a motor operating through reduction
cearing. In the other class, there is a substan-
tially direct connection between the rotor of the
motor and the clutch hammer, whereby the rotor
starts, stops, and rebounds in unison with the
hammer. With such an arrangement, the de-
ciutching and recluteching are usually responsive
to centrifugal or cam mechanism which permits
satisfactory operation at different speeds.

By varying the air pressure, the maximum
speed and maximum torque can be correspond-
ingly altered. This is sometimes done by insert-
ing a pressure regulator in the live air passage-
way and setting the regulator so that the air pres-
sure and speed will be just enough to hammer the
bolt to the desired tightness if the tool is applied
for a sufficient length of time, and with forces
which never become excessive so as to damage the
work. Such a method of regulation is referred
- to as the “ultimate toraue” method.

An impact wrench delivers its power by a se-
ries of individual torque impulses transmitted
through a spindile or tool head which is integral
with the anvil element of the clutch. Assuming
the work to be a bolt that is being tightened, or
other load whose resistance increases upon dis-
placement, the ultimate torque that can be ob-
tained is limited only by the strength of the work
or the flexibility of the tool head transmitting
the torque impulses. Provided the strength of
the work is sufficient, the ultimate torque obtain-
able with a given tool at a given air pressure oc-
curs when the entire energy output (not includ-
ing frictional losses) of each blow is absorbed in
elastic deflection or distortion of the tool head
or torque transmitting member.

torque is approached as a limit which i3 generally

reached only after lengthy operation of the tool

- since the increment of torque impulse per blow

10

~decreases as the output torgue rises. Therefore,

the ultimate torque method of regulation is not
considered practical for mass production work.
An object of this Iinvention is to overcome the
disadvantages but retain the advantages of
the ultimate torque method by predetermin-
ing the bolt tightness with the same degree
of accuracy but by enabling the tool to com-

plete a bolt sefting operation in one dquarter
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of the time, or less. Another object is to obviate
the need for highly skilled operators. A further
object is the provision of means for measuring
the amount of torque developed upon each blow
of the impact wrench. A still further object is
to automatically stop the operation of the wrench

when the measured tordque exceeds g predeter-

mined value. Still another object is {o prevent
the impact wrench from starting on a new op-
eration until after the operator has first closed,

- then reopened the throttle valve.
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This ultimate

‘In accordance with the foregoing objects, the
invention contemplates the use of an air pressure
which is much higher than the pressure which
would he employed under the conventional ulti-
mate toraue method to attain the same degree
of tightness. To limit the output torque of the
wrench to some vaiue below the ultimate torgue
for g given air pressure, and within the normasal
range of usefulness of the tool, it is necessary to
ascertain in some way the maximum instan-
taneous torque attained during each individual
impulse. Since it is not feasible to provide a tool
head of sufficient length so that the deflection
can he measured directly and used as a meas-
urement of torque, the present invention pro-
poses to measure the spring or potential energy
stored in the tool head at the peak toraue of each
impulse. The amount of energy stored will vary
as the sduare of the maximum toraue attained

-during the impulse and will equal the spring con-

stant of the tool head multiplied by the square
of the toraque. This peak torque of the impulse
is reached when the tool head is at maximum de-

flection and the clutch hammer has expended

all of its kinetic energy and both the work and

the clutch are stationary. The work at this point
has been tightened up to the peak torque and no
further advance motion is possible for the re-
mainder of the impulse. The spring energy
stored in the tool head will cause reverse mo-
tion and acceleration of the clutch hammer and

rotor as the tool head unwinds and converts its

66 potential energy into kinetic energy which it im-
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parts to the hammer and to the rotor of the mo-
tor. This reverse motion of the clutch hammer
is known as rebound. The energy of rebound is
an accurate measurement of the peak torque at-
tained during the impulse.

A feature of this invention resides in the means
for measuring the maximum torque of each im-
pulse by measuring the spring energy stored in
the tool head and subsequently returned to the
clutch hammer as rebound energy of motion. The
rebound energy may be measured by 1— rebound
velocity attained by the clutch; or 2— distance
of rebound motion against a known resisting
torque. The latter or second method is utilized
in the practice of the present invention. The
resisting torque is the nearly constant forward
motor torque plus the frictiona] resistance of the
motor being driven backwards. For the purpose
of a practical tool this resisting toraue has proven
to be sufficiently uniform. The distance of re-
bound then, as measured in degrees of rotation,
is an accurate measure of the peak toraue of any
oiven impulse. Since there is no relative move-
ment between the rotor and the clutch during
the impulse period or during the period of re-
bound, it is only necessary to provide automatic
means for measuring rotor rebound to measure
accurately the peak toraue of each impulse.

Another feature of this invention recides in the
use of an overrunning clutch between the rotor
shaft and the rebound shaft of the torque meas-
uring -element whereby the rebound shaft re-
mains at rest while the rotor is driving the clutch
and tool head and is deflected away from its nor-
mal position only at the time of rebound.

‘Other objects and features of the invention will
. appear more clearly from the following descrip-
tion taken in connection with the accompanying
drawings and appended claims.

In the accompanying drawings which illustrate
one embodiment of the invention:

Fig. 1 is a longitudinal section of an impact
wrench embodying this invention, a part of the

o
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the parts of the trigger and the associated sup-
porting pin prior to assembly; and

Fig. 13 is a graph showing the relation be-
tween the impact torque delivered by the wrench
and the time required to tighten the driven nut
or bolt, the upper three curves relating to the
torque control wrench of the present invention
and the lower three to the conventional system in
which the ultimate torque is developed.

Figs. 5 to 12 inclusive are drawn to a larger

scale than Figs. 1 to 4.
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forward).

The invention is applicable generally to impact
wrenches of the class in which the motor drives
the hammer directly and without any intermedi-
ate power accumulator, whereby the rotor of the
motor starts, stops and rebounds in unison with
the hammer. In the illustrative embodiment, the
impact clutch per se conforms substantially to
the structure shown in U. S. Patent 2.285,638,
eranted June 9, 1942 to Lester A. Amtsberg, but
is driven only in a clockwise direction (looking
The illustrative wrench diifers from
the device of the patent primarily by the provi-
sion of means for measuring the output torque
at the peak of an impulse and for automatically
cutting off the supply of live air to the motor
when such torque attains a predetermined value.

- To accomplish this aim, the tool-head has hecn
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tool head or spindle being broken away, and a °

part of the grip handle being broken off;
Fig. 2 is a cross section through the imvact
clutch as indicated by the arrows 2 in Fig. 1:
Fig. 3 is a cross section through the impact
clutch as indicated by the arrows 3 in Fig. 1;
Fig. 4 is an elevational view of the tool head;
e, 5 is a cross section as indicated by the

arrows 5 in Fig. 1 and shows the overrunning
clutch between the rotor and the rebound shaft:

Fig. 6 is a perspective view of the rebound
shaft; |

Fig. 7 is a cross section, as indicated by the
arrows 7 in Fig. 1, showing particularly the con-
stant torque air motor; |

Fig. 8 is a detail view in longitudinal section
showing the automatic valve tripped to closed
position; " | |

Pig. 9 is a cross section, as indicated by the ar-
rows 9 in Fig. 1, showing the trigger which re-
leases the automatic valve and the means for
actuating the trigger upon the development of
a predetermined rebound of the rotor; |

Fig. 10 is a sub-assembly view in elevation
showing the trigger being actuated to release the
automatic valve; -

Fig. 11 is a cross sectional view looking down-
ward as indicated generally by the irregular line
fi—11 in Fig. 9; |

Fig. 12 is g detail view in elevation looking in
the same direction as Fig. 11 but showing only
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modified (as shown in Fig, 4) to make its tor-
sional elasticity much greater than in prior im-
pact wrenches. Also, the design of the rofary
motor is such that it imparts to the clutch a
more nearly uniform torque throughout a cycle
of operations than in the case of the motors com-
monly used in impact wrenches.

Referring to Fig. 1 of the accompanying draw-
ings, a motor housing #5 is provided with an inte-
egral side handle {6 by means of which the tool
may be gripped and supported in the hand of an
operator. The motor housing is secured in fixed
relation to a clutch housing (T by any suitable
means, such as the usual arrangement of bolts
and flanges, not shown. The front end of the
clutech housing is tapered and fluted at 18 to pro-
vide another grip portion. A cover 19 is secured
to the rear end of the motor housing {5 by means
of bolts 21 (Fig.9). |

A rotary air motor 22 within the mofor housing
includes a cylinder or cylinder liner 23, the ends
of which abut against end plates 24. The rear
end plate has a flange 2% {fitting part of a recess
26 in the cover, and also has a peripheral por-
tion fitting the motor housing 5. Flange 25 sur-
rounds and supports a ball bearing 27 held be-
tween rear end plate 24 and cover I9. A similar
ball bearing 28 is mounted in a flange which pro-
jects forwardly from the front end plate 24. Ball
bearines 27 and 28 support rear and front shafts
29 and 31 respectively, which are integral with
and project from a rotor 32. The rotor is of cy-
lindrical shape and is arranged coaxially with its
shafts and with the clutch housing 7. The cyl-
inder liner 23, mounted in housing 1), is ar-

. raneed eccentrically with respect to the rotor 32

65
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to provide a crescent-shaped chamber therebe-
tween. The rotor is provided with a plurality of
radial slots in which blades 33 are mounted for
movement with their outer edges in scraping con-
tact with the liner 23 to divide the crescent-
shaped chamber into a series of pockets 34 inter-
mediate the inlet ports 35 and exhaust ports 35
of the cylinder. As compared with standard ro-
tary motors for impact wrenches, the inlet and
exhaust ports are farther apart and there is a
greater number of radial blades (seven instead of
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six) whereby to provide a greater number of ac-
tive pockets than usually. In this way the motor
is arranged to deliver 2 more nearly constant
torque as the position of the blades with respect
to the cylinder ports changes because the vari-
ation on any one blade is offset and compensated
by variations on several other blades, thus pro-
ducing an average or combined torque which is
substantially constant.
veloped by the rotor after starting from rest and
turning 180° does not depend on the position of
the blades at the starting point. | -
Positioned centrally of the clutch housing 7

is a rotatable tool head or driven spindle 37. At

its rear end the spindle has an anvil portion com-
prising longitudinally extending jaws 38 adapted
to receive rotational impacts as hereinafter de-
scribed. At its front end the tool head is shaped

to fit a wrench socket, not shown. . As illustrated

~ in Fig. 4, the tool head is longer and more slender
than usual and, being made of steel, possesses a

considerable degree of torsional elasticity which

is utilized in the practice of the present inven-
tion. The tool head is supported with a ro-
- tating fit in a steel bushing 39. A resilient sleeve
41 made of oil resisting synthetic rubber, such as
neoprene, is bonded to the outer surface of the
bushing. The resilient sleeve &f has a presg fit
within a counterbore 42 near the front end of
the clutch housing 17. The rear end of the tool
head 37 is supported in axial alignment with the
steel bushing 3§ and with rotor shaft 3§ by means
which include a pilot shaft 43 seated in comple-
mentary recesses in the rotor shaft 3f{ and tool
head. |

The Impact clutch comprises a hammer as-
sembly which surrounds the spindle 37 and is sup-

ported at the front and rear ends of the anvil

jaws 38 for revolution about the axis of the spin-
die, the arrangement resembling a squirrel cage.
as shown in Fig. 3. It extends between two simi-
larly constructed end plates which constitute car-
riers by which the assembly is revolubly .sup-
poried. Rear carrier 44 is mounted for oscillatory
movement about a. bearing surface provided on
the rear end of a driving cam 49 splined to the
rotor driving shaft 3i. A bearing spacer #6 abuts
ageinst the rotor bearing 28 at its rear end and
the driving cam 4% and hammer carrier 44 at its
front end to secure the cam and carrier against
rearward axial movement. A thrust plate 47 sur-
rounding the pilot shaft 43 engages the front end
of the driving cam and the rear face of the tool
head 37 permitting relative rotation therebe-
tween. Forward movement of the carrier 44 is
prevented by engagement with cam projections 48
radiating from the front end of the cam 45. The
- front end plate or front carrier 49 for the ham-
mer assembly is mounted for rotary movement
relative to the head 31, a bushing 51 being inter-
posed between the carrier and the tool head. The
bushing 81 and front carrier 49 are confined be-
tween anvil jaws 38 and a thrust washer §2. The
latter seats against a flange on the steel bushing
39 whereby the tool head 371 and carriers 44 and
49 are supported against axial thrusts. -

A pair of heavy hammer dogs 53, similarly con-
structed and arranged, are supported for oscilla-
tory movement about pivot pins 584 which extend
through openings in the dogs and carriers, the
heads of the pivot pins being retsined by the
thrust washer 52. A pair of bolts 55 are arranged
to pass through openings in the carrier plates
and each bolt is surrounded by & spacer sleeve 56

Hence, the speed de-
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and 49. The bolts and pivot pins are evenly
spaced about the axis of revolution and extend
parallel to the axis of revolution ang cooperate
with each other to hold the carrier rigidly in fixed
relation to each other and to the pivot pins. The
radial arms 48 on the driving cam 45 project into
driving engagement with recesses 57 at the rear
end of the hammer dogs 53. |

The impact clutch when driven in a clockwise
direction (looking forward), operates in the fol-
lowing manner: The driving cam 45, having a
direct connection with the rotor shaft 31, delivers
force to the hammer dogs 53 in such a direction
that the dogs have imparted to them a motion of
revolution about the axis of tool head 37 and s

- component of force which tends to declutch them

20

relative to the anvil jaws 38 on the tool head.
The carrier assembly, which includes plates 44 and
48, pivot pins 54, bolts 55 etc., is cdarried with
the dogs as they revolve. The dogs 53 are guided

for rocking movement about pivot pins 54 due to

camming engagement of the concave inner face of
the dog with the anvil jaw 38. Upon completion

~of the rocking movement the dogs 53 are meshed

25
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with the anvil jaws 38. If the resistance to ro-
tation of the driven nut or bolt is relatively slight,
the clutch parts may remain for a considerable
period in meshed relation, all parts revolving in
unison due to friction between the dogs 53 and
anvil jaws 38 and between the dogs and their
pivot pins 54. . | |
When the tool head 37 encounters substantial
resistance to rotation, the forces holding the
cluich in mesh are overcome by the declutching
force set up by the driving cam 45 on the ham-
mer dog %3 and the dogs are rocked in g releas-

- ing direction. As soon as the dogs are decluiched,

40

the driving unit is relieved of its load and ac-
celerates o accumulate kinetic energy during a.
half furn of the motor after which the driving

- unit is arrested with an impact. The impacts

45
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are repeated as long as the operator holds the
wrench socket in engagement with the torque
resisting nut and continues the supply of air to.
the motor, unless sooner terminated by the au-
tomatic control of the present invention. If

‘the resistance to rotfation is moderate the dogs

will be declutched before the driving unit comes
to a complete rest relative to the clutch housing
i7 although the driving unit is arrested, at the
time of each impact, relative to the tool head 37.

For further details concerning the structure
and operation of the impact clutch, reference is
made to Patent 2,285,638, aforesaid. As in the

5 device of that patent, advantage is taken of the

torsional elasticity of the tool head 37 to facilitate
the release of the clutch dogs from the anvil jaws.
Thus, when a rotational hammer blow is delivered
to the rear end of the tool head and the front
end is held in engagement with a frozen nut
or bolt, the tool head is twisted or distorted.

‘Upon termination of the impact, the spindle or

fool head 37T unwinds, causing the hammer dogs
53, carrier members 44, 49, 54 and 55, driving
cam 4% and rofor 32 to rebound as a unit in a
counter-clockwise direction. ‘The rebound acts
to momentarily relieve contact pressure between

the impact surfaces on the dogs and anvil there-
by facilitating declutching and reducing the rub-
bing action of the impact surfaces over each
other. The torsional strain in the illustrative tool
head 37 is more than sufficient for declutching
purposes, due to the fact that the tool head is
extended in length and reduced in cross section

whose ends abut against the carrier plates 44 75 (as shown in Fig. 4) in comparison with tool
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heads commonly employed in standard impact
wrenches. The rebound of the hammer assembly
may cover an even greater arc of reverse move-
ment than that of the anvil jaws 38, if the heavy
dees 53, and the parts which are reversely driven
{hereby during the rebound movement, have
cnoush momentum to continue to travel counter-
clockwise after the tool head has untwisted to
its normal position, the hammer assembly finally
heine stopped by the motor 22, with the hammer
dogs in spaced relation to the anvil jaws 38.

Live air is supplied to the tool from an air hose
(not shown) through an inlet port 38 in the grip
handle {6 and thence through a throttle valve
59 to a handle passage 61, the throttle valve be-
ing controlled by the usual manipulative trigger
62. After leaving the handle passage 6f, the
live air enters a set of longitudinal ports 63 in an
automatic control valve 64, which is best shown
in Figs. 1,7 and 8. 'The control valve has a head
€5 in which the ports 63 are drilled, which head
slidably fits a2 counterbore in valve chest 66, the
lJatter being mounted in the motor housing {15
with a press fit. The valve also has a stem or
extension 67 fitting a small bore at the rear end
of the valve chest and projecting into the space
enclosed by the cover 19 in order to connect the
valve with other parts of the torque control mech-
anism. When the throttle valve 33 is off as illus-
trated in Fig. 1, the automatic control valve 64
is in its foremost position where it rests against
a stop pin 68, being held by a compression spring
69 internosed between the valve head 65 and the
closed end of the counterbore in the valve chest
65. In this position of the control valve the
Jongitudinal ports 63 establish communication
Lhetween the handle passage 61 and a set of ports
11 in the valve chest. In the normal operation
of the tool and prior to the delivery of a predeter-
mined torque, the automatic control valve
is slichtly rearward of the position shown in Fig.
1. heing locked there by the encagement of the
stem 61 with the torque control apparatus, as de-
scrived hereinafter. |

From the ports 11 in the valve chest 66 the
live air passes to motor inlet chamber 12, Fig. 7,
through inlet ports 35 in cylinder liner 23,
throuch pockets 34 where the pressure fluid ex-
pands thereby acting against blades 33 to turn
the rotor 32, then out through exhaust ports 36
and 13 in the cylinder liner and motor housing
{5 respectively.

When the rotor 32 rebounds, in response to
the spring energy stored in tool head 37, it acts
as a pump to force air from cylinder exhaust
ports 36, through pockets 34 where the air under-
coes compression, out through inlet ports 3%,
and back to the supply line, thus recovering
part of the energy used in twisting the tool head.

Tn accordance with the present invention the
vebound motion of the rotor is measured, and
i also utilized to cut off the supply of live air
when the amplitude of the rebound, which cor-

responds to the force of the hammer blow, at-
tains a predetermined amount. For this pur-
pose the rear shaft 29 of the rotor is bored to
receive a rebound shaft 74, the rear end of which
projects beyond the rotor shaft. As shown in
Fies. 5 and 6 the front part of the rebound shaft
is cut away at its upper side to receive a roller
15. A pair of springs 76 mounted in apertures
11 in the rebound shaft urge the roller in &
clockwise direction (looking forward) thereby
providing an overrunning clutch which locks the
rebound shaft to the rotor shaft whenever the

10
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latter turns counterclockwise but permifs the
rotor to turn clockwise independently of the
rebound shaft. The rear end of the rebound
shaft is provided with a vertical slot 18 which
receives the upper end of a pendulous rod or
kicker 719. The rod, which is square in Cross Sec-
tion, is retained in the slot by any suitable ex-
pedient such as brazing, thereby forming in effect
an integral strudt{'ure with the rebound shaft.

The lower end of the pendulous rod 719 nor-
mally rests against an adjusting screw 8] sup-
ported in a resilient threaded bushing 82
mounted in the peripheral wall portion of the
cover 19 as shown in Figs. 9 and 11. The outer
end of the screw has a recess to receive a key
(not shown) for turning the screw and thereby
adjusting the normal position of the pendulous
rod. For urging the latter against the Screw
a light torsion spring 88 is provided. One end
of the spring embraces the rod T9 about half
way between the ends of the latter, and from
there it extends to the rebound shaft 14, makes
several turns around the rebound shaft, then
extends downwardly to the left side of a reduced
extension on valve chest 66 and then along the
bottom of said extension to the right side thereof
where the spring 83 terminates.

The lower end of the swinging rod 79 is bent to
extend into the plane of a bell-crank lever 84
which has a hole 85 (Figs. 10 and 12) into which

~ the reduced end of sleeve 86 projects, the lever
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and. sleeve being secured together with a press
fit. The lever and sleeve assembly, which con-
stitutes a trigger, is mounted for oscillating
movement about a pin 87, the inner end of which
is screwed into motor housing 15 and the outer
end of which is supported in a recessed portion
of adjusting screw 88, the latter in turn being
mounted in resilient bushing 89, in the same
manner that adjusting screw 81 is supported in
its associated bushing 82. Normally the bell-
crank lever 84 rests on the reduced extremity
of the stem 67 on the automatic control valve
64 as shown in Figs. 9 and 11. In that position
the lever 84 is adapted to limit the rearward
movement of the automatic control valve by the
engagement of the lever with a shoulder 91 on
the control valve. The amount of such limited
movement is regulated by turning the adjusting
screw 88. ‘This may be done by inserting a key
through the opening in bushing 89 and into the
socket in screw 88. The tricger 84, 86, is urged
toward the Fig. 9 position by means of a tor-
sion spring 92 one end of which is hooked on .
the longitudinal arm of the bell-crank lever and
the intermediate portion of which coils around
the sleeve portion of the sleeve 86 on the trigger.
The other end of the spring extends over to and
around the lower side of the reduced portion
of valve chest 66. Preferably the trigger spring

" 92 is constructed to act also as a compression

JH

)

spring, thereby holding the bell-crank lever 84
seated against the inner end of screw 88 in any
position of adjustment of the latter, as shown in

Fig. 11.
The operation of the wrench with specific ref-

erence to the automatic control valve 64 is as

follows: When the throttle valve 59 is opened
live air acts against the front end of the head
65 on the control valve 64 thereby urging the
valve rearward. This force is opposed by the
spring 69 and by the live air pressure on the
rear surface of the head 65 which is not com-
pletely balanced because the stem 671 is exposed

75 only to atmospheric pressure at its rear end.
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The automatic valve 64 is therefore moved rear-
ward until the shoulder 91 becomes locked in
engagement with the trigger or bell-crank lever
84. In the locked position of the valve (not il-
lustrated) the ports 71 in the valve chest 66 are
almost entirely uncovered and live air flows freely

-

inbefore described.

At first the motor drives
under a relatively light load and the rotor 32
_rotates at-high speed independently of the re-
~bound shaft 14 due to the overrunning clutch
arrangement which includes the roller 75 inter-
posed between the rotor shaft 29 and the re-
bound shaft. The hammer dogs §3 deliver ro-
tary impacts to the anvil jaws 38, the intensity
of which increases with the resistance of the
tool head to rotation. The delivery of such a
hammer blow causes the elongated spindle or
tool head 371 to twist, within its elastic limit,
and then to unwind and cause the hammer as-
sembly and rotor 32 fto rebound or revolve in s
counterclockwise direction. During such re-

bound movement the roller T5 of the overrun-
ning clutch catches hold of the rebound shaft

14 and turns it through a corresponding arc.
Upon termination of the rebound the rebound
shaft turns clockwise, under the influence of the
spring 83, until it is restored to its original or
normal position, but the rotor 32 continues to
turn for an additional 180° or more uyntil the
next impact is delivered.

The effect of the rebounds on the kicker rod 718

is that the rod swings away from the Fig. 9
position immediately following the delivery of a
rotary hammer blow on the tool head 31, then
returns into engagement with the adjusting
screw 82, where it awaits the delivery of the next
impact, then swings through a greater arc, then
returns and remains momentarily at rest, then
swings through a still greater distance, and so on.
The angle of such swinging movement or deflec-
tion is an accurate measurement of the force of

therethrough to operate the motor 22 as here-
the impact. c;liltch :

10

10 -
valve and the delivery of the respective impacts.
For convenience the locus of the points which
depict & single operation is represented as a con-
tinuous line instead of & series of discrete points,
although it will be understood that the torsional
forces acting on the driven spindle.are discon-
tinuous and recurrent. The curves 1A, IB and

"~ IC represent the operations under an air pres-
sure of 60 pounds per square inch while the

curves 2A, 2B and 2C represent tests under the

. Same conditions respectively but with an air pres-
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~sure of 25 pounds. In each of these operations

or tests the wrench was arranged to drive ga
% inch—24 nut or bolt, using a solid slab of
steel 12 inch thick as the bolted member. In
operations {A and 2A the threads were dry. In
operations 1B and 2B the screw threads were
oiled thereby retarding the increase in the
resistance to rotation and force of blow as com-
pared with the dry threads used in tests 1A and
2A. In tests IC and 2C the threads were dry
but a lock washer was added, which resulted in
shifting the curve still further to the right as
compared with the other tests under the same
pressure in which no lock washer was used.
Referring to curves 1C, 2A and 2B, which are
more nearly complete than the others, it is seen
that the impact torque varies from a low value
to progressively higher values but with decreas-
ing increments and attains a final ultimate value
if the tool is operated for a sufficient length of
time. The ultimate torque occurs when the
entire usable energy of the blow is absorbed in

‘the torsional elastic deflection of the wrench

spindle or tool head. The length of time required
to approach the ultimate torque is not always
the same for a given air pressure and size of bolt
but depends upon the surface finish of the

- threads, thread fit, degree of lubrication and
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the impact because both the force and the deflec-

tion correspond to the potential energy stored in
the spindle 3T and the angle through which the
spindle is twisted. 3 |
'The amplitude of the swinging movement of
‘the rod T9 increases until it kicks the small arm
of the bell-crank lever or trigger 84 as shown in
Fig. 10. Thereupon the long arm of the trigger
iIs rocked out of locking engagement with the
shoulder 9f on the control valve 64, permitting

the live air to force the valve rearward to the
Fig. 8 position in which movement of the valve
.18 arrested by the engagement of a flange 93 with

the end of the counterbore in the valve chest 66.
In this position the head 65 of the automatic
valve completely covers the ports T1 in the valve

chest, thereby cutting off the supply of air to

the motor 22 and of course stopping the opera-
tion of the wrench. In order to condition the
tool for starting a new cycle of operations, the
operator must first release the trigger 62, where-
- upon the air trapped in handle passage 61 is bled
out fo exhaust through the slicht clearance:
around valve head 65 and through ports 71, there-
by permitting the spring 68 to restore the valve
'to the Fig. 1 position. --
The torque characteristics of the illustrative
wrench under various operating conditions are
shown in Fig. 13 in which the ordinates repre-
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sent the torsional force of the blow in pounds _

feet while the abscissas represent the time that
has elapsed between the opening of the throttle

flexibility of the .bolt and bolted members.

The advantage of the present invention over
the conventional ultimate torque' method of
operation will be better understood by comparing
curves IC and 2C which both relate to the same
kind of driven element but to the use of different,
alr pressures. Assuming that the operator

‘desires to set the bolt at a torque of 54 pounds

feet, with the present invention he uses a rela-
tively high pressure, say 60 pounds, and the
wrench starts out under high speed, delivers
powerful impacts with a minimum of delay, and
as soon as the first blow of the required torque
is delivered the wrench automatically stops. The
entire operation, depicted by that part of curve
IC which lies below dotted line D, takes place in
less than three seconds. If the operator at-
tempted to drive the bolt to the same degree of
tightness under the same air pressure and within
the same time by skilful manipulation of a con-
ventional impact wrench, he would have to release
the throttle valve 59 at precisely the correct
instant, as a departure of only a fraction of a
second from the critical instant would cause a
variation of several pounds feet torque.
Using the ultimate torque method, the oper-
ator would first determine by experiment what
amount of air pressure if applied indefinitely
would be required to drive the bolt to the desired
tightness, and then set the air regulator accord-
ingly. Referring to curve 2C the air pressure
Is selected at only 25 pounds in order to make
the curve substantially flat instead of steep when
it approaches 54 pounds feet of torque, repre-
sented by dotted line D. However, with this

46 method the air may be left on for considerably
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more than ten seconds before the torque is sta-
bilized and the operator feels safe in stopping
the wrench. By turning off the throttle valve
prematurely, taking advantage of a tolerance of
five per cent below the ultimate torque of 54
pounds feet, but allowing for variations in the
resistance of the work and errors in timing, the
operator using the ultimate torque method with
a conventional wrench would require about eight
or ten seconds to set the bolt, which is three or
four times as long as required by the torque con-
trol system of the present invention.
~ In the use of the present jnvention, variations
in the torque delivered by the wrench are slight
and predictable notwithstanding unknown varia-
tions in the air pressure and characteristics of
the driven bolt with the same adjustment. The
final blow may be slightly greater at some times
than at others if the kicker 78 happens to swing
to the trigger 84 on one of its strokes without
actually unseating the trigger and then, on the
final stroke, swing with a little more speed and
momentum than is necessary to actuate the trig-
ger. No attempt is made to limit the torque
output during any impulse. It Is necessary that
there be a sufficiently large number of separate
impulses so that the increment of torque in-
crease on the last impulse is smaller than the
total allowable variation in the final torque.
This is easily accomplished in practice by con-
trolling the air inlet so that the total striking
energy per blow is of such a value that at least
ten blows are required to attain the desired
torque. As mentioned before, the increment of
torque increase per blow decreases &S the work
resisting torque increases thus insuring that the
torque increase on the last blow or impulse will
be much less than one-tenth of the total torque
desired. This means that the total error or
variation from the desired torque can be no more
than the torque increment of the last blow. For
greater accuracy & lower air pressure and larger
number of blows can be used. |
To lower the pressure, the adjusting screw 88
is turned counterclockwise thereby permitting
the trigger 84, 88 to move rearward slightly under
the compressive force of spring 92. In turn, the
automatic valve 64 is permitted a slight addi-
tional movement rearwardly under live air. pres-
sure before the shoulder 91 is stopped by the
trigger in normal operation; and in this new
position of adjustment the head 85 of the valve

partly covers ports 7t to lower the pressure sup-.

plied to the rotary motor 22. Alternatively, a
conventional pressure regulator could be pro-
vided.

To select the cut off point in the torque curve,
the operator turns the adjusting screw 8{. Ex-
tending the screw closer to the short arm of the
trigger or bell-crank lever 84 reduces the size of
the arc through which the pendulous arm 19
must swing in order to kick the trigger. This
reduces correspondingly the amplitude of re-
bound movement and the torsional force of the
final blow. Conversely, by withdrawing screw
8! further away from the trigger the wrench is
congtioned for delivering more powerful im-
PACES.

What is claimed 1s:

1. A power operated impact wrench compris-
ing a rotary motor, a torsionally resilient tool
head driven thereby with a succession of rota-
tional hammer blows, energy measuring means
actuated in response to the rebound energy de-

livered by the tool head for measuring the force 76 ter,
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of the hammer blow, and automatic means for
cutting off the supply of power to the motor said
energy measuring means operative upon the de-
velopment of a predetermined force of blow to
initiate actuation of sald automatic means

" whereby the supply of power to the motor is cut
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off.

2. An impact wrench comprising a motor hav-
ing a rotor, a hammer assembly rotatable sub-
stantially in unison with the rotor, an elongated
tool head having at one end an anvil arranged
to receive a succession of torsional impulses de-
livered by the hammer assembly and at the other
end being adapted to drive a wrench socket,
means movable in response to the force of the
individual torsional impulses, said movable
means comprising a rebound shaft and an over-
running clutch between the rotor and rebound
shaft, the clutch being arranged to permit the
rotor to turn independently of the rebound shaft
in the driving direction but to drive the shaft
during the rebound of the rotor, whereby the
deflection of the rebound shaft corresponds to
the potential energy stored in the tool head at
the time of the impulse and subsequently re-
Jeased during the rebound of the hammer as-
sembly and rotor. B

3. An impact wrench comprising a resilient
tool head, & rotatable hammer arranged to de-
liver a series of torsional impulses to the tool
head, an air motor having a rotor connected
substantially directly with the hammer whereby
the rotor starts, stops and rebounds in unison
with the hammer as each impulse is delivered, a
rebound shaft for moving in response to the re-
bound movements of the rotor, an overrunning
cluteh arranged to lock the rebound shaft to the
rotor only during the rebound movement of the
latter, a passageway for supplying the motor with
live air, and automatic valve means for closing
said passageway to stop the motor upon the de-
velopment of a predetermined degree of move-

- ment of the rebound shaft.
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4, An impact wrench comprising a resilient
tool head, a rotatable hammer arranged to de-
liver & series of torsional impulses to the tool
head, a driving motor having a rotor connected
substantially directly with the hammer whereby
the rotor starts, stops and rebounds in unison
with the hammer as each impulse is delivered,
a rebound shaft movable correspondingly to the
amplitude of the rebound movements of the rotor,
an overrunning clutch arranged to lock the re-
bound shaft to the rotor only during the re-
hound movement of the latter, a displaceable
element driven by the rebound shatt, a limit
stop against which the element normally seats,
yieldable means constantly urging the element
toward the limit stop, whereby the element re-
peatedly moves away from the limit stop and
returns, the extent of movement being a func-
tion of the amplitude of rebound motion and
hence the force of the impacts delivered by the
hammer.

5. An impact wrench comprising a rotatable
hammer arranged to deliver a series of torsional
impulses to a resilient tool head, an air motor
having a rotor connected substantially directly
with the hammer whereby the rotor starts, stops
and rebounds in unison with the hammer, a re-
bound shaft for responding to the rebound
movements of the rotor, an overrunning clutch
‘arranged to lock the rebound shaft to the rotor
only during the rebound movement of the lsi-
 pendulous rod secured to the rebound sh
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a limit stop against which the rod normaily

seats and from which it is displaced upon re-
. bound, a spring constantly urging the rod to-

ward the limit stop, whereby the rod repeatedly
returns to the limit: stop after displacement
therefrom, the extent of movement being an
indication 'of the amplitude of rebound motion
and hence the force of the impacts delivered
by the hammer, a trigger interposed in the path
of the rod, and means responsive to the im-
pingement of the rod on the trigger for inter-
rupting the supply of live air to the motor.

6. An impact wrench according to claim 5
in which the distance between the limit stop
and the trigger is adjustable to permit regula-
.tion of the force of torsional impulse required
for stopping the motor. | |

7. An impact wrench according to claim 5
in which the limit stop comprises a screw, the
abutting end of which is movable toward and
- away from the trigger to adjust the amount of
swinging movement required for the actuation
of the latter. ) |

8. An impact wrench according to claim 5
which includes means on the air supply inter-
rupting means for preventing the motor from
starting after the supply of live air is inter-
ruvted and until such preventing means is re-
leased by manipulative means.

9. A power operated wrench comprising a cas-
- Ing, a rotary motor therein arranged at its front
end to drive a tool head, a pendulous rod in back
of the motor, an adjusting secrew in said casing
and having an inner end against which the rod
Is adapted to rest, a spring constantly urging
the rod toward said adjusting screw, automatic
means for swinging the rod away from the screw
in response to torque developed by the motor,
a trigger comprising a bell-crank lever having
a short arm interposed in the path of the swing-
ing movement of the rod, a spring urging the
long arm of the bell-crank lever against a seat,
a plunger movable transversely to the plane of
the lever having a shoulder urged into engage-
ment with the long arm of the bell-crank lever
when the latter is seated, and means responsive
to movement of the shoulder beyond the plane
of the bell-crank lever for cutting off the supply
of power to the motor whereby the development
of a predetermined torque causes the swinging
rod to strike the trigger and thereby release the
plunger and stop the motor.

10. An impact wrench comprising a rotary
air motor, g rotatable hammer driven by the
motor, a rotatable tool head arranged to re-
ceive torsional impulses delivered by the ham-

mer, said tool head belng elongated and having

substantial torsional elasticity whereby it de-

livers rebound energy to the hammer, a passage-

way for supplying live air to said motor for
operating the same, an automatic valve con-
trolling said passageway and movable between
open and closed positions to admit or cut off
the supply of live air to the motor, and means
responsive to the development of a predeter-
mined rebound energy for effecting the movement
of the valve to closed position to stop the motor.

11. An impact wrench comprising a rotary
air motor, a rotatable hammer driven by the
motor, & rotatable tool head arranged to re-
ceive torsional impulses delivered by the ham-
mer, said tool head being elongated and hav-
ing substantial torsional elasticity, a passageway

for supplying live air to said motor for operat-

ing the same, an automatic valve controlling

~ said passageway and
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movable between open ang
closed positions to admit or cut off the supply
of live air to the motor, said valve being urged
toward closed position, a trigger normally lock-
ing the valve in open position, and means re-
sponsive to a predetermined torsional strain on
the tool head for releasing the trigeer and there-
by permitting the valve to close. -
12. An impact wrench comprising a rotary air
motor, a rotatable hammer driven by the motor,
a rotatable tool head arranged to receive torsional
impulses delivered by the hammer, said too] head
being elongated and having substantial torsional
elasticity, a passageway for supplying live air to
sald motor for cperating the same, an automatic
valve in said passageway and movable between
open and closed positions to admit or cut off the

supply of live air to the motor, means responsive

to pressure in the passageway for urging the
valve toward closed position, a trigeer normally
locking the valve in open position, and means
operatively connected to the tool head and re-
sponsive to a predetermined torsional strain on
the tool head for releasing the trigger and there-
by permitting the valve to close, and vieldable
means for moving the valve to open position upon
reduction in the pressure in said passageway,
whereby the operator may restart the wrench
subsequent to an automatic stopping operation by
first disconnecting and then reconnecting the pas-~
sageway to the source of live air.

13. A portable pneumatic tool comprising a ro-
tary air motor, a passageway for supplying said
motor with live air, an automatic control valve
in said ‘passageway and movable between open
and closed positions to admit, or cut off the supply
to the motor, yieldable means maintaining said
automatic valve in open position, said automatic
valve being arranged to be urged toward closed
position, a trigger for locking said automatic

- valve in open position, and means operatively
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connected to the motor and responsive to the
development of a predetermined torque delivered
by the motor for releasing said trigger to permit
the automatic valve to close and thereby stop
the motor.

14. A power operated wrench comprising a ro-
tary air motor, a passageway for supplying said
motor with live air, a manipulative throttle valve
in sald passageway, an automatic control valve
in said passageway between the throttle valve
and the motor and movable between open and
closed positions to admit or cut off the supply to
the motor, yieldable means maintaining said atuto-
matic valve in open position and having an un-
balanced area exposed to live air for shirting it
to closed position, a trigger for locking said auto-
matic valve in open position, and means respon-
sive to the development of a predetermined torque
by the motor for releasing said trigger to permit
the automatic valve to close and therehy stop
the motor, and yieldable means effective upon g
reduction in motor torque for urging the trigger
toward locking position, said trigger being mov-
able to locking position upon movement of the
valve to normal position, said valve being mov-
able to normal position upon closing of the
throttle valve, whereby the operator may start
the motor by first closing and then reopening the
throttle valve.

15. In a pneumatic tool having a rotary motor
and a passageway for supplying live air thereto.
a pressure regulator interposed in said passage-
way comprising: a valve: chest having a bore and
& counterbore in front of the bore, an automatic
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valve slidably mounted in the chest and having

a stem fitting the bore and a head fitting the

counterbore, the chest having one or more ports
extending radially from the counterbore and
forming part of the passageway supplying live
- air to the motor, resilient means urging the valve
forward, the valve head being positioned to
cover the port partly or wholly upon rearward
movement away from a normal position against
said resilient means, the valve head having an
unbalanced area exposed to live air pressure for
overcoming said resilier t means to move the valve
rearward, the stem ha.ing a shoulder, a trigger
engageable with the shoulder, and automatic
means for moving the trigger out of the path of
the shoulder upon the development of a prede-
termined motor torque to permit the valve to
completely cover the port and thereby stop the
motor. -

16. A pneumatic tool according to claim 15 in
which the trigger is adjustable forward and rear-
ward relative to the valve chest, whereby to regu-
late the degree of partial covering of the port
prior to the release of the trigger, and thereby
control the speed of the motor.

17. In a pneumatic tool, a rotary motor com-
prising a cylinder, a rotor eccentrically disposed
therein and having blades carried thereby, means
for supplying live air to drive the rotor in a clock-
wise direction under a substantially constant
torque, a spindle connected to the front end of
the rotor and arranged alternately to receive
power from the rotor and to impart thereto a
series of rebound motions in opposition to the
motor torque, a rear shaft on the rotor having
a recess, and an overrunning clutch element snd
a rebound shaft received within said recess, said
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clutch element being arranged to drive the re-
bound shaft counterclockwise but permit clock-
wise movement of the rotor independently of the
rebound shaft. * |

18. An impact wrench comprising a rotatable
anvil, a rotatable hammer arranged to deliver &
series of rotational impacts to said anvil and to
rebound therefrom subsequently to such delivery,
means for connecting the anvil to a driven ele-
ment having gradually increasing resistance to
rotation, whereby to cause a step-by-step increase
in the peak torque of the impacts and conse-
quently in the distance of rebound of the hammer
from the anvil, & movable element operatively
connected to the hammer to rebound therewith,

 a trigger interposed in the path of movement of
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the movable element and positioned to be oper-
ated thereby upon rebound movement of the
hammer and element through a predetermined
distance, and automatic means responsive to the
operation of the trigger for disabling the means
for driving the hammer.

~ SPENCER B. MAURER.
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