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This invention relates to an automatic or semi-auto 
matic material working or forming machine. More par 
ticularly, it deals with such a machine for forming articles 
directly from bars of stock by first clamping a length 
from the end of such a bar, cutting off said length 
and maintaining said clamping during all Subsequent 
forming operations before releasing said length. Further 
more, this invention includes such a machine for simul 
taneously and automatically carrying out these operations 
on a plurality of bars of stock, such as for example 
a machine for making simultaneously a plurality of hol 
low wrist pins for internal combustion engine pistons 
from an equal plurality of solid bars of stock automati 
cally fed into the machine. 

Previously, automatic screw machines have been pro 
duced for operating on a plurality of articles at the 
time in which a bundle of bars of stock is rotated by a 
plurality of fixed work stations, but in such devices the 
tools work on the stock only from one end of the bars 
and the articles are cut off after the forming operations 
are completed. It is also known to cut off blanks from 
bars of stock which blanks are fed into a hopper and 
then automatically clamped into a trunnion wheel of an 
automatic screw machine in which the cutting tools may 
operate on both ends of the blanks at the same time. 

It is an object of this invention to combine into one 
automatic machine the steps of cutting off the stock 
from the bars and operating on both ends of the blanks 
so cut off by gripping or clamping the blanks before 
they are cut from the bars of stock and maintaining 
this grip or clamp on said blanks for all subsequent machining operations. 
Another object is to produce such a machine in which 

a plurality of bars of stock may be fed into different 
equally spaced starting work stations around a closed 
cyclic path of a plurality of groups of similar work 
stations, so that a plurality of blanks can be given a 
plurality of machining operations simultaneously. 

Another object is to produce such a machine in which 
a plurality of bars are fed at each of a plurality of 
starting work stations. 

Another object is to produce such a machine which 
will automatically detect the end of a bar of stock fed 
into it to cither stop its operation or to automatically 
or semi-automatically feed a new bar into the machine 
from a magazine, and crop of its end to insure a clean 
cut off end on the bar before continuing again its auto 
matic operation on the bar. 
Another object is to produce a machine which may 

automatically operate on bars of the same or different 
lengths and detect the end of each bar to set up a 
different set of operations for stopping the machine 
and/or cropping the end of the subsequent bars to be 
fed into the machine. 
Another object is to produce such a machine in which 

the article to be produced is chucked only once for all 
the operations performed in the machine. 

Another object is to produce such a machine which 
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saws off one blank from a bar of stock while subse 
quent blanks in the machine are being machined at dif 
ferent successive operating stations in the machine. 
Another object is to produce such a machine having 

automatic electric and hydraulic control devices for 
feeding the bars of stock into the machine. 
Another object is to produce unique relatively small 

fixed chucks or clamping devices which hold the articles 
to be machined, both for severing them from their bars 
of stock and for all subsequent machining operations 
which may be to either or both ends of the articles at 
the same time. 
Another object is to produce such a machine in which 

the chucks for clamping the articles are intermittently 
indexed to and locked at successive operating stations 
equally spaced around a closed cyclic path. 
Another object is to produce such a machine with a 

plurality of machining tools all of which operate simul 
taneously, but in which one or more may have a greater 
speed of traverse during a given period of time than 
that of the other machining tools, such as for example 
an accelerated reamer in comparison to drills, facers, 
chamferers, etc. 

Generally speaking, the machine of this invention com 
prises a plurality of working stations sequentially and 
equally spaced along a cyclic path, such as for example 
being equally, angularly spaced around a circle. The 
articles to be machined are then clamped in a conveyor, 
such as the periphery of a trunnion wheel, which indexes 
to each of said stations in succession at which stations 
the articles are successively cut from bar stock, machined 
at one and/or both ends in several stages and then finally 
discharged from their conveyor. On either side of the 
indexing conveyor or trunnion wheel may be located 
tool cutting devices which move in unison axially to and 
from the trunnion wheel, with separate rotating cutting 
or machining tools for each of the successive working 
stations around the path, each time the trunnion wheel 
is indexed to a working station. On the reciprocating 
tool cutting devices there also may be provided means 
for increasing the forward machining motion of one or 
more of the tools over and above the velocity of the op 
eration of the whole device, such as for example 
a reamer over a drill, facer, or chamferer. 
Automatic means may be provided for longitudinally 

feeding substantially equal lengths of bar stock into the 
first Working stage on the trunnion wheel. In cooperation 
with this feeding mechanism, there are provided around 
the trunnion wheel a plurality of chucks for the lengths 
of blanks of articles to be machined, with separate chucks 
for each of the working stations. Each chuck is clamped 
after Such a length of the bar stock is fed into it and 
remains clamped while the length is cut from the bar, 
Such as by a saw, and during all the machining opera 
tions until completed when it is unclamped at the last 
station just before indexing for a new length blank 
to be inserted into it. The blank or slug is thus produced 
in the trunnion wheel as well as machined in it. 
A device also may be provided for determining the . 

end of each bar of stock, Such as by counting a prede 
termined number of article blank lengths which may be 
made after the end of the bar of stock is fed past a 
given point. This counter sets up a different series of 
automatic operations to stop the machine after the last 
article of the bar has been completed to further retract 
the feeding mechanism so that any incompleted stub 
end will be permitted to be discharged from the feeding 
mechanism, and also to set up a second sequence or 
crop cycle of operations. In the crop cycle only a 
short length of the next proceeding bar is fed into the 
path of the saws, so that its end will be first cropped 
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to form a straight flush end, before any blank lengths 
are fed into the machine. 
A plurality of similar groups of a plurality of differ 

ent work stations may be equally spaced in sequence 
around the cyclic path so that more than one first work 
station is provided for operating on a plurality of bars 
of stock equal to the plurality of said groups simulta 
neously, whereby an equal plurality of articles is formed 
during each reciprocating motion of the tool devices and 
each indexing of the trunnion wheel. 

In the following description the cutting tools which 
have a greater velocity of advance than those of the 
other cutting tools in the machine will be referred to as 
"accelerated' tools, which is an accepted term in the art 
for such tools on automatic machines. 

In order to explain the functions and operations of 
the machine of the present invention, reference will now 
be had in detail to a specific form of this invention for 
an automatic machine for simultaneously completing four 
hollow piston wrist pins for internal combustion engines : 
from solid bars of steel stock, each time its trunnion 
wheel is indexed except in the crop cycle position. The 
operations performed in this machine include sawing 
off the blanks from the bars, facing, drilling, chamfer 
ing and reaming the blanks to form the wrist pins. The 
desription of this machine will be divided in the follow 
ing chapters and sub-chapters: 
A. General Features 

1. Base and arrangement of parts 
B. Bar Stock Feeding Mechanisms 

2. Magazine feeder 
3. Roll feeder 
4. Grip feeder and counter 

C. Trunnion Wheel Assembly 
5. Trunnion wheel mounting and drive 
6. Trunnion wheel fixture chucks 

D. Machining Operations 
7. Stock stops and sawing mechanisms 
8. Multiple cutting tool devices 

(a) Drills and facers 
(b) Accelerated reamers 
(c) Article ejectors 

E. Control Systems 
9. Hydraulic systems 
10. Electrically controlled sequence operations 

(a) Crop cycle . . . . 

(b) Automatic machining cycle 
The reference characters of the parts corresponding to 

each of these chapters will contain hundreds digits sim- ; 
ilar to the Arabic numbers of the above sub-chapters for 
purposes of convenience. 
The above mentioned and other features and objects 

of this invention and the manner of attaining them are 
given more specific disclosure in the following descrip 
tion of embodiments of this invention taken in conjunc 
tion with the accompanying drawings, wherein: 

Fig. 1 is a plan view of an assembled automatic hol 
low wrist pin producing machine incorporating the fea 
tures of this invention; 

Fig. 2 is a side elevation taken from the right of the 
machine shown in Fig. 1 with the nearer saw driving 
mechanism and part of grip feeder mechanism removed; 

Fig. 3 is an end elevation taken from the right end 
of the machine shown in Figs. 1 and 2; 

Fig. 4 is an enlarged plan view of the bar stock feed 
ing mechanisms showing the counter switches, parts of 
the cut-off mechanisms and the bar stock magazine 
rack; 

Fig. 5 is an enlarged end view of bar magazine feed 
mechanism taken along line V-V of Fig. 4; 

Fig. 6 is a plan view of the magazine feed device 
shown in Fig. 5; - 

Fig. 7 is a partially sectioned end view of the roll 
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4 
stock bar feeder mechanism taken along line VII-VII 
in Figs. 4 and 9; 

Fig. 8 is a front view of the roll feeder taken along 
line VIII-VIII of Fig. 7 showing a pair of stock bars 
in roll feeding position; 

Fig. 9 is a vertical section taken along line IX-X 
of Fig. 7 showing the gears and links for the roll feeder 
and their operating mechanisms; 

Fig. 10 is a section taken along line X-X of Fig. 9 
showing a plan of the lever mechanism for the roll feed 
erS; 

Fig. 11 is an enlarged side elevation of the grip feeder 
mechanism which feeds substantially equal lengths of the 
bar stock into the trunnion wheel taken along line XI 
XI in Fig. 4 but with the saw retracted and a part broken 
aWay; 

Fig. 12 is an enlarged view taken along line XII-XII 
in Figs. 4 and 11 with parts broken away, showing the 
grip feeder bar clamps, the grip feeder slide way, and 
part of the grip feeder forward locking device; 

Fig. 13 is an enlarged side elevation of the trunnion 
wheel drive and tool guide facing plate taken from the 
left in Fig. 2 with the cutting tools retracted; 

Fig. 14 is a section taken along line XIV-XIV of 
Fig. 13 showing a vertical section of the trunnion wheel 
and its drive in its mounting; 

Fig. 15 is a fragmentary section taken along line XV 
XV of Fig. 13 showing the hardened pin rest buttons 
between the trunnion wheel and its tool guide plates to 
prevent axial movement of the periphery of the trunnion 
wheel; 

Fig. 16 is an enlarged side elevation of the trunnion 
wheel tool guide plate, similar to Fig. 13 but taken from 
the other side, or from the right in Fig. 2; 

Fig. 17 is a plan view of the drive for indexing the 
trunnion wheel with parts broken away; 

Fig. 18 is an enlarged sector of the trunnion wheel 
showing one of the chuck or fixture mechanisms for 
clamping and maintaining a bar blank throughout all the 
stages of operation in the machine; 

Fig. 19 is a section taken along line XIX-XIX of Fig. 
18 showing a detail of the jaws of a bar stock clamp; 

Fig. 20 is a fragmentary enlarged vertical section of 
one of the clamping and wedging jaws of the chuck 
shown in Fig. 18; 

Fig. 21 is a section taken along line XXI-XXI of 
Fig. 18 showing the chuck operating rack and pinion 
mechanism mounted in the trunnion wheel; 

Fig. 22 is a front perspective face view of the right 
hand cutting tool device in Figs. 1 and 2 mounted on 
its slides; 

Fig. 23 is a perspective face view of the left hand 
cutting tool device shown in Figs. 1 and 2 mounted on 
its slides; 

Fig. 24 is a schematic strip diagram of one group of 
the different operating or working stages or stations 
around half of the trunnion wheel of the machine shown 
in Figs. 1-3; 

Fig. 25 is schematic sectional diagram showing the 
operations performed with the tools engaged to their 
full depths in making wrist pins according to the stages 
shown in Fig. 24; 

Fig. 26 is a sectional showing of a modified form of 
cutting tools for combining the first two operating stages 
shown in Fig. 25; 

Fig. 27 is a side elevation of the device for accelerating 
the advance of one of the tools, namely the reamers, 
mounted on the right-hand tool device shown in Fig. 2 in 
cooperation with an edge portion of the trunnion whecl. 
as well as part of the means for ejecting the completed 
products; 

Fig. 28 is a side elevation with parts broken away of 
substantially only the ejecting mechanism slightly enlarged 
from that shown in Fig. 27; 

Fig. 29 is an enlarged rear end view of the right-hand 



2,850,789 
S 

tool cutting devices shown in Fig. 2, showing the location 
and end views of the two ejecting mechanisms as shown 
in Fig. 28; 

Fig. 30 is a schematic diagram of the hydraulic system 
for controlling part of the movements of the bar stock 
feeding mechanisms, locking the trunnion wheel and the 
clamping of one of the chucks on the trunnion wheel; 

Fig. 31 is a schematic diagram of another hydraulic sys 
tem for operating some of the movements of the grip 
feeder mechanism, clamping of the other chuck on the 
trunnion wheel, and the unclamping of said chucks; 

Fig. 32 is a schematic diagram of the hydraulic system 
for the accelerating movement of the reamers on the right 
hand cutting tool device shown in Figs. 1, 2 and 27; 

Fig. 33 is a schematic diagram of an hydraulic system 
for moving the cutting tool devices and sawing mecha 
nisms; 

Fig. 34 is a schematic flow diagram of the operations 
which may be performed automatically or semi-automati 
cally during the crop cycle for the machine of this in 
vention, that is, to start the machine with a new bar of 
stock; and 

Fig. 35 is a schematic flow diagram similar to Fig. 34 
which shows the sequence of automatic operations of the 
machine of this invention when a bar is being fed into and 
used up in the machine, and how these operations may be 
interrupted and restarted or carried out semi-automatical 
ly. 

A. GENERAL FEATURES 

1. Base and arrangement of parts 
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Referring to Figs. 1, 2, and 3, the specific embodiment 
of the machine of this invention disclosed herewith is for 
producing two WTist pins at a time in each of two groups 
of machine operating stages, which groups are arranged 
in successive semi-circular paths around an indexing and 
rotating trunnion wheel 50i) located at Substantially the 
center of the machine shown in these figures. The plan 
view of the machine shown in Fig. discloses a cross 
shaped base having five portions, namely a central rec 
tangular portion (5), equally extending side arm portions 
16 and 162, and different length longitudinal end arm 
portions 103 and 64, upon all four of which arm portions 
cutting tools reciprocate or slide toward and away from 
the trunnion wheel 59 mounted on the central portion 
100. In this trunnion wheel Sibe the chucks 6- are 
mounted for holding the rod blanks which are operated 
upon by the multiple cutting tools each time the wheel is 
indexed to another position or working station. The axis 
of the trunnion wheel 59 is located longitudinally to the 
longer arm portions i3 and 64 of the cross-shaped 
frame, which axis is Supported above the central base por 
tion 160 by two vertical parallel tool guide and supporting 
plates 50 and 513, adjacent to each of which the trunnion 
ends of the wheel 586 are journalied. Mounted on top of 
these plates 51 and 5.ii, there is located, at a sight angle 
from the vertical, the driving and indexing control mecha 
nism 550 for the trunnion wheel including a separate driv 
ing motor 55; therefor. 
Mounted on the shorter arm lengthwise of the machine 

may be a pair of cylindrical slide bars 13 along which the 
reciprocating cutting tool device 86 slides toward and 
away from the trunnion wheel 50 each time the trunnion 
wheel is indexed. Its approach to the trunnion wheel is 
at first relatively rapid over a relatively longer distance and 
when all the rotating drills and cutting tools are ready to 
contact the article to be machined, the whole device 80i is 
then slowly moved forward for a relative shorter distance 
during the cutting of the articles, after which it is again 
Tetracted at a relatively rapid rate again into the position 
shown in Fig. 1. The forward position of this tool device 
80 is shown in dotted lines at 803 in Fig. 2. Mounted on 
the device 8 and behind the multiple tool head 805 is a 
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gear box 807 which is driven by a motor 809 which is 

6 
operates all of the rotary cuting tools on the head 805 
simultaneously. 

Similarly, mounted on the longer arm 104 of the base 
may be a pair of cylindrical slide bars 114 along which 
the reciprocating cutting tool device 800 (similar to the 
device 801) slides toward and away from the trunnion 
wheel 500, first approaching it at a fast speed and then 
during the cutting operation approaching further at a 
slower speed, and then retracting into the position shown 
in Fig. 1. The forward position of this tool device is 
shown in dotted lines at 802 in Fig. 2. Similarly to the 
device 891 this tool device 800 has a tool mounting head 
804 in which a plurality of rotating tools are driven 
through a common gear box. 806 by a separate motor 88, 
all mounted on the slides 114. 
On each of the side arms 10 and 102 of the base of 

the machine may be mounted slides 12 and 122 upon 
which the cutting-off or sawing mechanisms 700 and 701 
reciprocate, carrying their own separate motors 702 and 
703 and separate rotating saws 704 and 705, respectively, 
toward and from the first stations it 1 of each of the two 
groups of working stations provided around the trunnion 
wheel 500 each time the trunnion wheel is indexed. When 
these saws are in their full forward positions they overlap 
the peripheral edge of the trunnion wheel 500, as shown 
in Fig. 1 and in the dotted line positions shown in Figs. 3 
and 13, in order to completely cut-off the ends of the bars 
of stock 155 fed to the trunnion wheel from along the 
sides of the longer base portion 04. 
Along the opposite sides of, and attached to this por 

tion 104, there may be provided the bar stock feeding de 
vices consisting of the magazine feeders 200 and 201, roll 
feeders 300 and 301, and grip feeders 400 and 401. The 
magazine and its feeders 200 and 201 may be supported 
above the base portion 104 by brackets 130 and 13, and 
an extra floor bracket 132 (see Fig. 4) may be placed 
beyond the end of the machine to support the outer ends 
of the bars 50 in the magazine. The roll feeders 300 
and 30 may be supported at the outer end of the base 
portion 104 on a common stand 135, and the grip feeders 
460 and 40i may be supported by brackets 136 and 137 
near the inner end of the base portion 104. Since the 
length of the bars 150 which are fed into the machine 
are preferably longer than the longest arm portion 104 of 
the base of the machine, and the longer the bars the longer 
the uninterrupted continuous operation of the machine be 
tween crop cycles, the roll feeders should be placed not 
farther from the grip feeders than they are from the outer 
ends of the bars 150. 
The magazine feeders separately feed pairs of the 

bars 150 into each of two roller feeders which in turn 
feed those bars from positions 153 to the two grip feed 
ers, which then feed the bars from the positions 155 
to the first Working stations #1 at the trunnion wheel 
500. The magazine feeders may select the bars 150 
(see Fig. 4) from parallel rows of bars set up between 
inclined bar guiding supporting strips 156, 157 and 158 
projecting upwardly and outwardly from each side of 
the base portion 104. 

Beneath the trunnion wheel 500 and longitudinally 
across the side arms 101 and 102 inside the base, may 
be provided a conveyor, such as a shaker conveyor 160 
(see Figs. 2 and 3) for removing the chips and shav. 
ings, etc. which are cut from the bars and bar lengths 
by the machining and cutting tools. In Fig. 2 the trough 
161 of the conveyor 160 is shown to be fed by material 
collecting and deflecting plates 162. One end of the 
shaker conveyor shown in Fig. 3 may be provided with 
a motor 163 connected through gearing mechanism 164 
for reciprocating the conveyor trough 161 against the 
action of a Spring 165 located at the opposite end of 
the conveyor 160. The trough 161 may be open at one 
and at its lower end, shown at the left in Fig. 3, to 
feed into any hopper or other conveyor (not shown) for 
removing the chips to a baler or the like, as desired. 
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At the end of each group of stations, or the last 
stations. #9 on the trunnion wheel, the completed 
blanks or articles 850 formed in the machine may be 
ejected into guide channels, such as 166 shown in Fig. 2, 
which direct the pieces into chutes 167 for removal out 
through an opening 68 in a side of the base portion 
E03; there being similar channels 166 and chutes 167 
on each side of the base extension 103, for each of the 
two opposite discharging stations i9 around the trun 
nion wheel. 
Attached to, but preferably located off from the 

machine at its outer corners are separate hydraulic 
pump and motor units, which may be mounted on their 
liquid reservoirs, and may be employed for operating 
the sliding movements, feeding mechanisms, locking 
mechanisms, etc. employed in the machine. For exam 
ple, referring to Fig. 1, motors 170 and 17, which drive 
hydraulic pumps 72 and 173, respectively, may be em 
ployed for operating the hydraulic cylinders 174 and 
175 which move under the control of electrically oper 
ated hydraulic valves, for effecting the two forward and 
one retracting movements for the tool devices 300 and 
89, respectively, as will be described later in chapter 9 
and Fig. 33. 
The motors 180 and 81 driving hydraulic pumps 182 

and 83, shown at the end of the base portions 101 and 
102, respectively, may be employed for operating hy 
draulic cylinders under the slides 121 and 422 for re 
ciprocating the cutting-off mechanisms 700 and 701, 
respectively. These separate hydraulic systems may also 
be under the control of electrically operated hydraulic 
valves, which will move them similarly to that of the 
tool devices 800 and 801, as will also be described later 
in chapter 9 and Fig. 33. 
The two additional motors 190 and 19, also located 

at the ends of the base portions 101 and 102, respec 
tively, may be provided for driving the hydraulic pumps 
192 and 193, respectively, and may be employed for 
operating the bar feeding and clamping mechanism 
through a plurality of separate hydraulic cylinders and 
their separate electrically controlled valves, as will be 
described later in sub-chapter 9 and Figs. 30 and 31. 
The other additional motor 194 at the end of the base 

member 504 driving hydraulic pump 95, may be pro 
vided for operating the automatic accelerating tool 
mechanisms mounted on the tool device 800, as will be 
more specifically described later in chapters 8b and 9 as 
shown in Fig. 33. - 
The purpose of mounting these hydraulic pump and 

motor units at the corners of the machine is to remove 
them from the working center of the machine around 
the base portion 103, so that easy access can be had to 
the machining and machined parts in case chips get 
jammed in them, or the like, without having to climb 
over these motors. This location also keeps the motors 
away from the cooling cutting liquid which is continu 
ously circulated through the machine during its opera 
tion. Furthermore it enables the separate pump units 
and their hydraulic liquids to be kept cooler and more 
accessible for repairs. 
The automatic control for the machine may be pro 

vided in a separate cabinet or cabinets, one of which 
may be located at 196 as shown in Fig. 1, adjacent which 
panel an operator for the machine may be positioned 
and upon which panel may be provided the manual con 
trol buttons for stopping and performing any one of the 
operations manually, as will be described later in sub 
chapter 10 in cooperation with the switches and but 
tons disclosed in the electrically controlled flow dia 
grams of Figs. 34 and 35. Another and larger cabinet 
197, which may contain all of the electrical switches, 
relays, timers, etc., may be located further away from 
the machine and connected to the cabinet 196 through 
a bundle of electrical conductors 198 and connected to 
an electric current supply through conductors 199. 
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B. BAR STOCK FEEDING MECHANISMS 

2. Magazine feeder 
Referring now to Figs. 4, 5 and 6 there are shown 

more details of one of the magazine feeders 201, adja 
cent the middle guiding supporting strips 156, 157 and 
558 adjacent the roll feeder 301, providing slots 284 and 
205 for the parallel rows of bars 150 to roll and/or 
slide by gravity into the selector jaws 210 and 2:1 of 
the feeder. A pair of hydraulic cylinders 220 and 22: 
are connected to the ends of crank arms 222 and 223, 
respectively, the rotating axis end of which crank arms 
are keyed to the parallel shafts 224 and 225, which 
extend the length of the bar stock magazine. Adjacent 
(3.22 of the guiding strips of the magazine, there may 
be keyed to these shafts the selecting jaws or cams 210 
and 2i (see Figs. 5 and 6). Thus, when the cylinders 
220 and/or 22; are operatcd, either automatically or 
manually, the cut-out portions 212 and 23 in the jaws 
250 and 21 are rocked to feed one new bar 150 from 
each corresponding slot 204 and 295 to the To feeder 
30, where these selected bars rest on the idler rolls 302 
and 303 (see Figs. 4, 5, 7, 8 and 9). 
Now four bars 50 have been fed, either one or all 

at a time, into each of the four positions 153, two on 
each side of the machine, and are resting on the rollers 
392 and 383 for the next feeding step by the roller 
feeders 300 and 391, to move these bars longitudinally 
to the grip feeders 468 and 40 and toward the periphery 
of the trunnion wheel 500. 

3. Roll feeder 
After the pairs of bars 153 have been deposited on 

the grooved supporting idler rollers 382 and 303, posi 
tively rotating complementarily grooved rollers 304 and 
305 may then be simultaneously or individually pressed 
down on and frictionally engage the top of each of the 
bars 53 (see Figs. 7, 8, 9 and 10). 
The positively driven rollers 304 and 305 are mounted 

at the center of L-shaped levers 310 and 3: , respec 
tively, both of which levers are freely pivoted at their 
adjacent ends on a common shaft 3E5. On one end 
of this shaft 315 is mounted a spurgear 320 which is 
driven by one of the two motors 321 through a reduc 
tion gear device 322. The gear 320 is in mesh with a 
pair of gears 324 and 325 which are keyed to the stub 
shaft 330 and 331 together with the positively driven 
rollers 304 and 305, respectively. Since the movement 
of the levers 310 and 311 is planetarily around the same 
pivotal axis as that of the drive gear 320, the gears 32. 
and 325 are always in rotation when gear 320 is rotated. 
The operation of the levers 310 and 31.1 may be con 

trolled by separate hydraulic cylinders 340 and 34 hay 
ing pistons 342 and 343 pivoted to the outer ends of 
the levers 310 and 311, respectively, so that wien the 
driven rollers 304 and 305 are to be engaged with ihe 
bars i53 to feed them longitudinally to their correspond. 
ing grip feeder 401, the pistons are operated to move 
the rotating rollers 304 and 305 downwardly into the 
positions shown in Figs. 7, 8, 9 and 10, to push the pair 
of bars 153, longitudinally into the position of b3r; 
55 (see Fig. 4) whereby they abut against the extended 

stock stops 710 and 71 which will be described later 
in chapter 7 and during the cropping cycle. 

After the grip feeders have taken over the feeding 
of the bars from their position i55, the pistons 342 an 
343 may be raised, the motors 32 may be stopped and 
the stock stops retracted, so that the bars will be only 
under the control of the grip fecdcrS aid frce to joli oil 
their supporting idler rollers 302 and 333 and other 
similar idler rollers as 350 and 351 (see Fig. 4) which 
may be provided on brackets 131 and 32. The further 
control of the cylinders 340 and 34 will be described 
in connection with the operation and the hydraulic sys 
tem shown in Fig. 30 in chapters 9 and 10 which follow. 
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4. Grip feeder and counter 
Referring first to Figs. 1 and 4, there are shown ad 

jacent the trunnion wheel 569 and next to the saws 704 
and 705 the grip feeder mechanisms 400 and 401, re 
spectively, for feeding substantially equal lengths of bars 
155 successively into the chucks 600 on the trunnion 
wheel 500. Each of the pair of grip feeders 400 and 
401 comprises four separate hydraulic cylinders for op 
erating this mechanism, namely the opposing pair of 
cylinders 410 and 411 for gripping the ends of a pair 
of bars 155 adjacent the trunnion wheel 560, a larger 
cylinder 414 or 415 for moving the gripping mechanism 
together with their pair of bars 155 the length substan 
tially equivalent to the length of the blanks to be cut-off 
in the rotating trunnion wheel of the machine, and hy 
traulic cylinder 417 (see Fig. 12) which locks the grip 
feeder in its forward position during the cropping cycle 
which will be described later, that is only when the very 
tip end of a new bar is to be sawed off to form a 
smooth surfaced end before the bar is fed by stud or 
blank lengths into the trunnion wheel. Thus, the hy 
draulic cylinder 417 is only operated during the cropping 
cycle, as are the cylinders which operate the magazine 
feeders and the roll feeders described in the previous 
two chapters 2 and 3. The grip feeder mechanisms are 
supported by the base portion 100 on stationary brackets 
136 and 137, and only their bar gripping parts and hy 
draulic cylinders 410 and 411 are moved relative to their 
brackets 136 and 137 by the cylinders 414 and 415. 
The control of these hydraulic cylinders is through elec 
trically operated hydraulic valves under the automatic 
control of relays, solenoids and timers, and limit switches 
such as switch 412 in Fig. 12, as will be described in the 
system disclosed in Figs. 30, 31, 34 and 35 in chapters 
9 and 10 which follow. 
The bars 155 may be guided by the rollers 429 (see 

Fig. 11) into the apertures 424 and 425 between the 
fixed gripping jaws 425 and 427 and the movable grip 
ping jaws 428 and 429, respectively (see Fig. 12). The 
slidably movable jaws 428 and 429 are slid toward the 
jaws 426 and 427 by the cam action of the beveled piston 
heads 430 and 431 of hydraulic cylinders 410 and 414, 
respectively, against rollers 432 and 433 mounted on 
the slides 434 and 435 carrying the jaws 428 and 429. 
Thus, as the pistons 436 and 437 from the cylinders 40 
and 411 are forced outwardly from their cylinders to 
ward each other as shown in Fig. 12, the sliding jaws 
428 and 429 are pressed against the bars 55 inserted 
into apertures 424 and 425 to grip these bars by clamp 
ing them against the relatively fixed jaws 426 and 427, 
respectively. When the rods 55 have thus been gripped, 
the cylinders 414 and 415 may be energized to move the 
movable parts 440 and 44; of the grip feeders 4800 and 
40s, respectively (see Fig. 4 also), carrying said cylin 
ders 450 and 4:1 within their gripping jaws, along the 
fixed slides 442 and 443 (see Figs. 4 and 12) toward the 
trunnion wheel 560. The limits of the strokes of these 
movable parts may be adjusted by bolt 4:34 (see Fig. 1) 
to correspond substantially to the blank lengths to ide 
inserted into the trunnion wheel 500 and sawed off by 
the Saws 704 and 75. 
The hydraulic cylinders 44 and 45 are provided with 

extra piston heads 464 and 465 and connections (see 
Fig. 31), so that they may be retracted for a distance 
greater than the predetermined length distance of the 
blanks, at the end of each bar, so that any stub end 
less than the length of a blank will be sufficiently clear 
of the jaws 426, 427, 423 and 429 after the last sawing 
operation to permit such a stub to be removed or to drop 
onto the shaker conveyor ió0 without jamming the ap 
paratus. The operation of these extra piston heads 464 
and 465 of cylinders. 414 and 4:5 will be described later 
in connection with. Fig. 31 and the operation flow of 
Fig. 35. 

In order to determine the rear end of bars 155, or when 
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a bar is used up and the machine should be prepared for . 
the cropping cycle operation, limit switches 470 and 
47 may be located at a predetermined number of blank 
lengths back from the saws 704 and 705 (see Fig. 4). 
These switches 470 and 47 may comprise electrical 
spring loaded contacts that ride along the bars 155, and 
when these switches roll or slide off the rear ends of 
these bars, their contacts may start an electrical counter 
mechanism in the control cabinet 97 to count reciproca 
tions of the grip feeders 500 corresponding to said pre 
determined number of blanks until the bar is used up. 
The purpose of locating these switches 470 and 47 
(similar to cam operated switch 412 in Fig. 12) at a 
distance back from the trunnion wheel is to prevent then 
from being affected by the cutting and cooling liquid 
circulated around the trunion wheel and by any chips or 
shavings which may be thrown off by the cutting tools. 
Only during the cropping cycle when the front tip end 

of a new bar of stock is being cut-off, is the grip feeder 
slide locking device, comprising hydraulic cylinder 417, 
put into operation. This cylinder 417 is then operated 
to lock the sliding part 441 only when it is in its forward 
position as shown in Fig. 11 (as distinguished from its 
rearward position as shown in Fig. 4) by pulling a section 
477 (see Fig. 12) of the dove-tailed immovable part 478 
of the grip feeder 441 tightly against the movable part 
44 of the slide 442, to steady the movable part 441 when 
its grippers 426, 427, 428 and 429 are the only clamps 
holding the new bars 155 when the saw 705 crops off the 
stub ends of said new bars. The grip feeder 440 is con 
structed and operates similarly to the grip feeder 445 
just described. 

C. TRUNNION WHEEL ASSEMBLY 
5. Trunnian wheel drive and mounting 

Referring now to Figs. 13, 14, 15, 16 and 17 there are 
shown details of the trunnion wheel mounting and drive 
mechanism, wherein the trunnion wheel 560 is mounted 
between the guide plates 510 and 51 which are bridged 
across their tops by plate 515 for supporting the index 
ing mechanism 550 and for reinforcing the plates 510 
and 511. Inside of and anchored to the plates 510 and 
511 may be mounted additional parallel supporting mem 
bers or plates 520 and 521 in which may be mounted the 
roller bearings 524 and 525 which support and journal 
the trunnions 526 and 527, respectively, of the trunnion 
wheel 500. At equal radial distances from the axis of 
the trunnion wheel, there are located apertures or holes 
530, 532 and 531, 533 circumferentially in the plates 510, 
329 and 3; , 521, respectively, which act as openings and 
guides for the reciprocating drill and cutting tools mounted 
on devices 800 and 80 at the working stations around the 
trunnion wheel. Also at equal radial positions and spaced 
at equal angular distances around and inside of the guide 
holes there may be placed adjustable alignment and abut 
ment screws 535 (see Fig. 15) having projecting hardened 
ends 536 which abut at each of the indexing stations of 
the trunnion wheel 500 with hard headed rivets 537 fas 
tened in the sides of the trunnion wheel, to reduce wobble 
and axial movement of the trunnion wheel 500 when 
the cutting tools are operating on the blanks chucked in 
the trunnion wheel 500. - 
Mounted on one of the plate members 5 there may 

be mounted a radially extending drive shaft 540 which ex 
tends up at a slide angle from the vertical in order 
not to cover one of the apertures 53 or 533, and at a 
station where there is no cutting tool from that side of 
the trunnion wheel (see Fig. 24). This shaft 540 may 
have keyed to its lower end a bevel gear 541 which meshes 
with a bevel gear 5-82 keyed to the trunnion 526 of the 
trunnion wheel 500. The outer end of the shaft 540 may be 
provided with a spur gear 545 in mesh with another spur 
gear 546 mounted on a shaft 547, parallel to shaft 540, 
that extends into the housing of the indexing and driving 
mechanism 550 which controls the rotation of the trun 
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nion wheel 500 to move successively through equal angu 
lar distances corresponding to each of the working stages 
around the trunnion wheel. 
A separate electric drive motor 551 for and mounted 

to the mechanism 550 may have a chain or belt drive 
connection 552 (see Fig. 17) with a pulley 553 which 
then is geared to drive the shaft 547. Mounted on the 
shaft 547 there may be two or more parallel cam wheels 
560 and 561 provided with definitely angularly spaced 
cam projections 562 and 563, respectively, which contact 
projections to operate switches 565, 566 and 567 to con 
trol the operation and energization of the motor 551. 
and the definite indexing of the trunnion wheel 500. 
Thus, for one complete revolution of the shaft 547, the 
trunnion wheel 500 may be indexed from one station to 
the next, which in the present illustrated machine is 20° 
of arc. The exact degree of rotation may be insured by 
another cam wheel 570 mounted on shaft 547 having a 
notch 571 which is engaged by a pawl 572 pressed by 
spring 573 continuously against the outer surface of the 
wheel 570. When the wheel 570 rotates in the direction 
of the arrow and the pawl 572 falls into the notch 572, 
the switch 575, following the pawl 572 through lever 
mechanisms 576 and 577, may be operated to indicate 
one rotation has been completed and through one or more 
of the cam operated switches 565, 566 and 567, the motor 
551 may be reversed to insure a positive seating of the 
pawl 572 in the notch 571 to stop the rotation of the shaft 
547 at a definite point as shown in Fig. 17. The exact 
stopping point of the wheel 570 may be regulated by means : 
580 located outside of the housing for the mechanism 
550. 

In order to anchor positively the trunnion wheel 500 
from turning when it is in each of its working station posi 
tions, or at each 20 of its rotation during the machining 
operations, there may be provided a plurality of shot 
pin mechanisms, such as 585, 586 and 587, which com 
prise separate hydraulically operated cylinders for thrust 
ing hardened pins, as pin 588 of mechanism 585, into 
hardened sleeve inserts, as insert 589, located at definite 
angular intervals of 20' around the trunnion wheel 500. 
There are thus provided two shot pins 585 and 586 from 
the plate member 511 into one side of the trunnion wheel 
500, and one shot pin mechanism 587 from the plate mem 
ber 510 into the other side of the trunnion wheel, so that 
at each station during any machining operation, the 
trunnion wheel 500 is locked to both of its guide support 
ing plates 510 and 511 by said three shot pins, preventing 
any relative movement between any of the parts of the 
trunnion wheel or either of its two supporting piates. 
Thus, before each time the trunnion wheel is indexed all 
three of these shot pins must be withdrawn from the posi 
tion shown for the mechanism 585 in Fig. 14 so that the 
trunnion wheel 500 may be rotated or indexed 20, and 
then before any of the cutting tools are moved into their 
cutting positions, these same shot pins are again thrust 
forwardly to anchor the trunnion wheel 500. In order 
to indicate that the shot pin mechanisms 585, 586 and 
587 are either advanced or retracted an electrical limit 
switch, such as switch 590 mounted on member 51 in 
Fig. 13, may be mechanically connected to the shot pin 
mechanism 586 to control the proper timing for the in 
termediate machining. Other electrical limit switches 
(not shown) may be provided for each of the shot pin 
mechanisms, but since all the shot pins are preferably 
operated in unison, one such switch 590 may be sufficient. 

6. Trunnion wheel fixture chucks 
Referring now to Figs. 18, 19, 20 and 21, there are 

disclosed in detail the chuck fixtures 600 which are lo 
cated circumferentially around the periphery of the trun 
nion wheel 500, one clutch for each of the working sta 
tions of both groups of stations, which in the illustrated 
machine comprises eighteen stations and chucks spaced 
20 apart, nine in each of the two groups, making up the 
total 360 in the circular closed path of working stations 
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12 
herein provided. Since all of the chuck mechanisms are 
the same, only one will be described specifically. 

Referring now specifically to Fig. 18, the fixture chuck 
or clamp for the blanks to be machined, comprises a 
pair of parallel fixed C-shaped jaws 68; and 603, each of 
which may comprise a spaced pair of hardened C-shaped 
inserts 605 (see Fig. 20) with hardened projections 606 
spaced at an angle of about 90° apart opposite the open 
end of the C. A pair of these inserts 683 are spaced 
adjacent op;).csite surfaces of the trunnion wheel 533 (see 
sectioned part of Fig. 19) to support the bar blanks 755 
at least adjacent each of their ends at two points around 
their circumference by the projections 666 as shown in 
Fig. 20. A pair of movable cooperating jaw faces 611 
and $3 are provided opposite thc teeth or projections 
65, which faces are mounted on a nut wedging block 
65 which is screwed radially toward the axis of the trun 
inion wheel 508 by the rotation of the stub shaft 66 
upon which the nut 655 is threaded. 
The angle of the wedging movable jaw faces 5; and 

63 may be varied within limits, providing the perpendicu 
lar from their faces passing through the axis of the blanks 
755 being clamped, also pass between the projections 606 
of the stationary C-shaped jaw inserts 503. he clamp 
ing and wedging action of the movable jaw faces 611 
and 643, urging the cylindrical blanks 755 against both 
pairs of the teeth 66 of tie cooperating jaws 33i and 683, 
respectively, enable a tighter grip to be had on the blanks 
755 for the given gripping force than can be obtained 
by a direct clamping action. 
This stub shaft 616 may be mounted in the thrust bear 

ings 67 and 618 on opposite sides of a pinion gear 620 
keyed to lie shaft 616. This pinion gear 623 meshes; 
with a rack 621 on a slidable rod 622, the end of which 
od may be abutted and pushed parallel to the axis of the 
trunnion wheel 500 by means of property located hy 
draulic piston mechanisms 638 and 631 (see Fig. 13), 
mounted on the guide plate 51; adjacent the is so first 
working stations it 1, to push the rack rod 622 in a direc 
{ion to screw the nut block 6:5 inwardly to clarin) tie 
blank ends 755 in the chucks 699. An additional pair 
of hydraulic piston mechanisms 632 and 533 (see Fig. 
16) may be mounted on the other guide plate 5i Gadjacent 
the last working stations #9, for abutting and pushing 
the other end of the rack rod 622 in the opposite direc 
tion to unclamp the completed blanks from the chuck 
fixtures. Thus, when the rack rods 622 are forced in 
one direction by the pressure of hydraulic piston mecha 
inism 639 or 63, the movable block 6:5 remains clamped 
and wedged against the blanks 755 under the nechanical 
advantage of the wedging action of the balanced ja', 
surfaces 6 and 613 and of the threads on Stib shaft 
616 until the stub shaft 616 is rotated in the cpposite 
direction by the action cf unclamping hydraulic piston 

5 mechanism 632 or 633. Accordingly any pair of blanks 
755 which are clamped in the chucks at station : 1 are 
maintained clamped through all of thc subsequent working 
stations and their operations until the final station 
where they are unclamped and ejected. 
The nut block 615 may be prevented from rotating by 

a slide guide 640 and the outer ends of the chucks may 
be covered with a plate 641. The chuck assemblies may 
be fitted into radial holes 645 (see Fig. 15) around tic 
periphery of the trunnion wheel 598 and held in place 
by a pair of bolts 646 and 647 and wedges 643 between 
adjacent chuck assemblies. Between each of the click 
assemblies in the wheel 500 may be provided the shot 
pin engaging sleeves 589 previously described. 

D. MACHNING OPERATIONS 
7. Stock stops and saw mechanisin 

-- 

In order to crop off a short end of each of the new 
bars of stock inserted into the machine by the roller 
feeders 300 and 301 and not waste a full length blank 
of the stock, the stock stops 710 and 71j may be pro 
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vided (see Figs. 4, 11, 27) which may comprise rods 
separately connected to hydraulic piston devices 712 and 
713 which may be operated to extend or advance stops 
710 and 71 (into the dotted line positions shown in 
Fig. 11) substantially through the openings between the 
jaws of the chuck 600 on the trunnion wheel 500, so as 
to stop the ends of the new bars 55 fed by the roll 
feeders just slightly beyond the cutting edge of the saws 
705 or 704. Thus during this cropping cycle only the 
tip ends of the new bars are cut off by the saws, so as to 
form smooth flush ends for the first bar blanks 755 to 
be anchored in the chucks 606 at the next indexing of 
the trunnion wheel. This cropping cycle, however, does 
not insert blanks in the chucks 600, so during this one 
indexing period there is the loss in the manufacture of 
two pairs of articles in the trunnion wheel, because a 
cropping cycle corresponds to an interval of one machin 
ing operation at each of the working stations. After the 
cropping cycle is over, the stock stops 7:8 and 75i are 
retracted either into the position shown in Fig. 11 to act 
as stops for the grip feeder also, or they may b? retracted 
still farther so that the length of the blanks is regulated 
only by the operation of the grip feeders 466 and 461. 
The stock stops thus remain retracted until a new bar is 
again fed toward the trunnion wheel. The advanced and 
retracted positions of the stock stops 7:6. and 71 may 
be separately adjusted by means of the threaded portions 
714 and 715 and nuts 716 and 717 between the stop ends 
and the pistons of the hydraulic devices 7:2 and 713, 
to correspond to any desired cropping length which may 
be required depending upon how roughly cut the ends of 
the new bars may be. 

Since during the cropping cycle the ends of the new 
bars 155 are only held by the grip feeder jaws 426, 427, 
423 and 429 in the position shown in Fig. 11, the chuck 
fixture 600 is not clamped on the stub ends to be cropped 
or around the stock stops 750 and 73 which project 
through them during this cropping cycle operation. 

During this cropping cycle the saw mechanisms 700 
and 701, which have rotary saws 704 and 705, are moved 
by their respective pistons 742 and 743 into and through 
their cutting operations to cut through the bars 155 of 
stock, just as they would at any other interval or stage 
of operation for cutting off the proper length blanks from 
the bars, as occurs during the following working intervals 
until the bars 155 in the grip feeders have been completely 
sawed into proper length blanks. - 

8. Multiple cutting tool devices 
(a) DRILLING FACES 

As stated above there are shown herein nine successive 
operating or working stages #1 through #9 in each of 
two groups of stages, each of which group extends half 
way around the periphery of the trunnion wheel 500. 
Referring to Figs. 22 and 23 there are shown the face 
or cutting ends of the tool devices 800 and 80, respec 
tively, with each of the nine stations numbered consecu 
tively thereon, at each of which stations #2 through i9 
on device 800 there is a pair of projecting operating tools. 
Since some of the operation stations provide tools only 
for operating from one end of the blanks, the same num 
ber of the pairs of tools for the same operating stations 
are not present on the face of the other and cooperating 
tool device 80 of Fig. 23. 

For example, the operating stations for producing a 
hollow wrist pin from a solid bar blank 755 may be fol 
lowed consecutively through stations of corresponding 
numbers in Figs. 24 and 25. Referring now to Fig. 24, 
the ends of a pair of stock bars 155 are first fed into the 
first station if 1 where they are clamped in the trunnion 
wheel 500 by chucks 690, and sawed-off by the rotary 
saw 734 which is the only cutting tool cooperating with 
station i:1 for which there are no cutting tools on the 
devices 800 or 801 shown in Figs. 22 and 23. After the 
blanks 755 have been produced, the trunnion wheel 500 is 
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4. 
indexed in station it 2 where two pairs of oversized drills 
80 approach the ends of the blanks 755 to center these 
pieces and provide the inside chamfers 8 thereon, 
shown on the piece 815 in Fig. 25. The piece 315 is then 
indexed to station i3 where another two pairs of oppos 
ing and smaller drills 820 drill holes into about A of 
the length of the piece from each end to form the piece 
82 in Fig. 25. After this operation all the drills 820 are 
retracted and the pieces 825 are indexed to station it 4 
where another two pairs of opposing drills 822, similar to 
drills 820 drill another 4 of the length into each end of 
the pieces 325 forming articles or pieces 823 as shown 
in Fig. 25. Next the articles 823 are indexed to station 
#5, where a third two pairs of opposing drills 824, simi 
lar to drills 829 and 822 drill another A of the length in 
from each end in the blank to form the article 825. Then 
in station it 6 mounted on the device 800 only is a similar 
pair of drills 826 for which there are no cooperating drills 
on the opposing device 801, which drills 826 drill only 
through the last A of the length of the blanks to produce 
the tubular articles 827 with holes 828 completely 
through them. It is through this station #6, which con 
tains no cutting tools in Fig. 23, that the driving shaft 
540 for the trunnion wheel radially projects from the axis 
of the trunnion wheel. 

Figs. 24 and 25 show that the setting for the ends of 
each of the drills 810, 820, 822, 824 and 826 projects 
slightly farther forwardly or outwardly from the faces 
of each of their supporting devices 806 and 89, so that 
by moving the devices 800 and 801 the same distance for 
ward each reciprocation, which distance is definitely de 
termined by the abutment of devices 800 and 80 against 
the adjustable stops 812 and 813, respectively, (see Figs. 
22 and 23), the proper depth will be cut into each article 
at each operating station. 
The next indexing station i7 comprises the combined 

tools 830, which face and outside chamfer both ends of 
the pieces 827, by again approaching the pieces 827 from 
both ends to produce the articles 835 to their proper 
length. Next the article 835 is indexed into station #8 
in which the whole inside hole 828 is reamed out from 
only one end of the article 835, by high speed faster 
travelling reamers 840 to produce the completed article 
850. 

If desired, the operating stages 2 and 3 may be replaced 
by a single stage at either station #2 or #3, which may 
include the first 4 drilling and the inside chamferer by a 
combined tool. 829 shown in Fig. 26, to produce piece 
821 directly from the blank 755. With the tools 829 one 
of the stations #2 or i:3 in the cycle could be removed 
from each group. 

(b) ACCELERATED REAMERS 
Since the reamers 840 at station #8 must pass from 

one end of the articles 835 clear through their full length 
and out the other end during the same time that the other 
above mentioned tools are only moving and cutting about 
4 of the same length, a pair of accelerating mechanisms 
860 may be mounted on the tool device 800 to advance 
these reamers at a rate over seven times that of the above 
mentioned drills. In order to provide for this increased 
accelerating motion for the high speed reamers 340, a 
special hydraulic cylinder 870 may be mounted on the 
device 800 as shown in Fig. 27 for each reaming station. 
The cylinders 870 may advance the high speed reamer 
tools 840 through guiding sleeves 87, and after they 
have reached depth and projected completely through the 
articles 850, as shown at station #8 in Fig. 25, they may 
be retracted, all of which may be accomplished under the 
control of limit switches 872 and 873 described later and 
operated by cams 874 and 875 which travel with the 
accelerating reamers 840 (see Figs. 27 and 32). It has 
been found advantageous to have its spiral cutting edges 
on the reamers 849 formed so that the chips will be 
thrown outwardly ahead of the reamer, to lessen the 
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possibility of having chips and shavings jam up behind 
the reamer between its driving head and the end of the 
article 850. 

(c) ARTICLE EJECTORS 
The next and final stage or station i9 is the station in 

which chucks 609 mounted in the trunnion wheel 560 are 
operated upon by the unclamping hydraulic cylinders 632 
and 633 to release the completed articles or wrist pins 
858, so that it may be pushed out by ejector bars 890, 
whose accelerated motion may be produced by a multi 
plying lever connection as shown in Fig. 28. This con 
nection comprises a lever 89 pivoted intermediate of its 
ends on a pivot 892 mounted on the movable cutting head 
device 800. One of the ends 893 of the lever 39 is 
pivotally attached to a rod 894 which rod may be re 
siliently attached to a stationary bracket 895 mounted 
on the base portion 04 of the machine, and the other 
end 896 of the lever is pivotally attached to a pair of 
ejector rods 890 which may be guided through brackets 
8,97 on the head 884 of movable tool device 800. The 
action of the lever 891 - may be against one or more 
springs, such as spring 898 on rod 894, to prevent jam 
ming of the mechanism. Accordingly, since the mov 
able pivot 392 is intermediate a fixed end pivot. 893 and 
the other end pivot 896, any movement of the pivot 892 
will be multiplied in the motion of the pivot 896, which 
thus moves the ejector bars 899 over a greater distance 
than the device 863 travels, enabling the ejector bars to 
completely pass through the chucks 683 and discharge 
any articles in them into the channels 66. 
The next station is 180° from the initial starting point 

on the trunnion wheel 500 and comprises another station 
if 1 but of the second group of stations, as shown on the 
bottom of the schematic diagram of Fig. 24. Now the 
above operations are repeated until a complete 360 
rotation of the trunnion wheel 560 has occurred, during 
which time two pairs of wrist pins 350 have been com 
pleted from the ends of each of four bars 55 of stock, 
not to mention the 32 other pieces in the machine in 
different stages of completion. Accordingly, each revolu 
tion of the trunnion wheel when fully loaded, completes 
36 wrist pins. 
The multiple operations and drilling stations have been 

so calculated that the time required for making each of 
the cuts at each of the work stations is substantially the 
same, so that no time will be lost in waiting for one of 
the cutting operations to be completed while another has 
already been completed. Thus, many types of machining 
operations, such as Sawing, drilling, chamfering, facing, 
rearning, and the like may be performed in a machine 
of this type, in which the cutting stages are divided in 
time so that equal amounts of cutting may be propor 
tioned over each one of the stations employed in the 
machine. 

E. CONTROL SYSTEMS 
9. Hydraulic systems 

For clarity of description and illustration, the many 
hydraulic conduits, valves and controls have been omitted 
from the previous figures of the drawings, which are now 
shown Schematically in Figs. 30, 31, 32 and 33 for each 
Of the Seven separate hydraulic systems employed in the 
machine. Since the hydraulic systems for moving and 
controlling both of the saw mechanisms 700 and 701 and 
both of the tool devices 800 and 801 are separate, and 
Substantiaiiy identical, only one exemplary system there 
for is shown in Fig. 33. 

Considering first the most simple hydraulic system 
shown in Fig. 33, the hydraulic liquid from reservoir or 
tank (T) 908 may be kept under pressure by a pump 90i. 
which may correspond to any one of the pumps 72, 73, 
32 or 183 shown in Fig. 1, driven by a corresponding 
motor 992, corresponding to any one of the motors 70, 
71, 189 or 18i in Fig. 1. Connected to the output of 

the pump 961 there may be a pressure gauge (G) 903 

3 
and a valve mechanism 934, which comprises a four-way 
valve operated alternately by the opposing electromagnets 
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or solenoids (S) 985 and 906, the outputs of which valve 
mechanism 904 are connected to the opposite sides of 
the piston in a cylinder 907, corresponding to any one 
of the hydraulic cylinders 174, 75, 742 or 743 in Fig. 1. 
An additional valve 98.9 may be operated by a single 
spring returned solenoid 910 to connect an other and 
less volume output from another pump within pump 90 
to the input of the cylinder 907 during the advance of 
the piston, which valve 909 may be controlled by the 
middle limit switch 91 of the three limit switches 91, 
912 and 913 operated by the position of the piston 908. 
The limit switches 912 and 913 are located nearest the 
ends of the stroke of the piston 938, and may control 
corresponding solenoids 905 and 986, while the limit 
switch 95 may be located nearer the piston advance end 
of the piston stroke, so that the piston may advance its 
cutting tools quickly into their initial cutting position 
and then slowly while they are performing their cutting 
operations. The liquid return pipes to the tank 900 are 
only suggested by dotted lines to avoid confusion. 

In cooperation with the cutting tools there is provided 
a separate hydraulic system shown in Fig. 32 for the 
hydraulic cylinders 870 on each side, or in each group 
of stations, to operate the accelerated reamer mechanisms 
860 mounted on the movable tool device 30?) which itself 
is moved according to the hydraulic system shown in Fig. 
33. Here again in this circuit of Fig. 32 is provided a 
tank (T), which may be the same or a different source 
of supply for the hydraulic liquid than tank 900 in Fig. 
33, and a pump 195 operated by motor 194 which sup 
plies pressure through a four-way valve 915 (similar to: 
valve 904) which may be controlled by solenoids (S) 
916 and 917, to either move both of the pistons 870 
forwardly or to move both of them rearwardly, the limits 
of which movements may be controlled by the limit 
switches 872 and 873, respectively. Both of the advance 
feeder pipes to cylinders 87.9 may be connected through 
flow control devices 918 to control the rate of motion 
for their pistons. 
The other two hydraulic systems pressured by motor 

pump units 190, 192 and 191, 193, are for the several 
other and smaller hydraulic cylinders in the machine, and 
are shown in Figs. 30 and 31, respectively. These other 
hydraulic cylinders are divided between these two systems 
so that in most cases when two devices are to be operated 
at the same time, they will be operated in separate sys 
tems, so as to prevent loss of hydraulic pressure on a 
holding function of one or more cylinders when another 
cylinder is thereafter energized. 
In the circuits of the hydraulic system shown in Fig. 

30, there is also provided a tank (T) to which the outlets 
of each one of the cylinders are returned (as shown in 
dotted lines in all the Figs. 30, 31, 32, 33, connected to 
each of the valves), as well as a gauge (G) in the main 
line to indicate the pressure produced by the pump 192. 
Each of the cylinders may be operated by electromagnetic 
valves, with the valves 929, 921, 922, 923, 924 and 925 
each operated by one spring return solenoid (S) and 
with valve 926 for the stock stops 710 and 711 operated 
by a pair of opposing Solenoids (S). The shot pin 
device comprises three cylinders 585 and 586, which 
radially lock one of the side plates to the trunnion wheel 
and cylinder 587 which radially locks the other side plate 
to the trunnion wheel 500, all three of which cylin 
ders may be operated simultaneously by one valve 920 
and one limit switch 590. One of the fixture chuck 
clamping devices is operated by cylinder 631 and the 
valve 921 which may be controlled by a limit switch 931 
(see Fig. 13). The magazine feed devices arranged in 
two pairs 200 and 201, one pair for each side of the 
machine, and one piston for each of the bars 150, and 
all four cylinders 220 and 22 may be controlled in 
parallel by the spring return valve 922. The roll feeders 
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300 and 301 comprise four cylinders 340 and 341 also, 
all of which may be controlled in parallel by a single 
valve 923, similar to those of the magazine feeder. The 
right and left side grip feeders, namely one for each of 
the four bars 153 fed into the machine, are usually oper 
ated in unison and may be controlled by spring actuated 
valves 924 and 925 for separate pairs of cylinders 410 
and 411 on each side of the machine. The stock stops, 
which are advanced only during the cropping cycle, as 
are the magazine feeders and roll feeders, comprise sepa 
rate pairs of cylinders 752 and 713, one cylinder for 
each bar of stock fed into the machine, and all four also 
may be controlled in parallel by a single valve 926. 

Referring now to the systems of Fig. 31, there is the 
other fixture chuck clamp mechanism 630 for the other 
group of operating stations, the hydraulic cylinder of 
which may be controlled by a spring return hydraulic 

The grip feeder steady 
locks comprise a pair of cylinders 417, one for the grip 
feeder on each side of the machine, which may be con 
trolled by a spring operated valve 937, but this device is 
operated only during the crop cycle of the machine. An 
other spring operated solenoid valve 94.0 may control the 
cylinders 632 and 633 for unclamping the fixtures, one 
cylinder for each group of stations. The other pair of 
cylinders 414 and 415, one for each group of stations and 
each side of the machine, are provided for moving the 
grip feeder mechanisms 400 and 40, each of which 
cylinders may be controlled by separate double solenoid 
valves 941 and 942. Each of these cylinders 414 and 
415, however, is provided with an additional piston head 
464 and 465, respectively, which control the further re 
traction of each piston at the end of each bar 155 before 
the start of the next crop cycle. This further retraction 
operation may be controlled by the counter 1470 (see Fig. 
35) which determines when to operate the spring return 
solenoid valve 944, located in the pressure pipe from the 
pump 193 after a check valve 945, to relieve the pressure 
normally applied on the additional piston heads 464 and 
465 to keep them forward. With this pressure relieved 
or exhausted, the normal retraction pressure applied to 
cylinders 44 and 415 through valves 941 and 942 will 
move their pistons back farther than normally, because 
there is now no obstructing pressure on the heads 464 and 
465. This additional retraction of the pistons at the end 
of each bar 155 permits short stub rear ends from the 
bars 155 to be dropped out and down onto the shaker 
conveyor 160 at the bottom of the machine, and not re 
main in the grip feeder where they might cause jamming. 
With the pressure against pistons 464 and 465, these 
pistons act as back stops for the pistons of the grip feeder 
cylinders 414 and 415, and accordingly can be used to 
determine the length of the blanks 155 fed into the chucks 
600. . 

10. Electrically controlled sequence operations 
(a) CROP CYCLE 

The sequence of automatic and semi-automatic opera 
tions of the control devices, which comprise numerous 
solenoids, relays, limit switches, electric timers, and like 
electric equipment, most of which is located in cabinets 
196 and 197 in Fig. 1, are schematically shown in the 
block diagram in Figs. 34 and 35. In Fig. 34 only the 
crop cycle operation of the machine herein described is 
shown, in which the solid lines connecting the blocks in 
dicate the normally used manual or semi-automatic se 
quence of operation of this cycle in which push buttons 
or switches aligned in the square blocks along the left 
hand side of Fig. 34 are used to start each major step of 
the crop cycle. However, if part or all of this crop cycle 
is to be controlled automatically, the dotted connecting 
lines, which by-pass these push buttons, also should be 
followed. - 

Describing the operation of the crop cycle it will be as 
sumed that the machine is empty or just being started up 

0. 

20 

2 5 

30 

35 

40 

45 

50 

60 

65 

70 

75 

18 - 
for a new job and a plurality of equal length bars 150 
have been placed in the magazine racks 156, 157 and 58 
(see Figs. 3, 4 and 5). First the start motor switch 1000 
is closed to start all of the electrical motors employed 
in the machine including both the tool motors and those 
for the pumps in the hydraulic system, except the index 
ing motor 551 and preferably also the roll feed motors 
321, which specific motors are only energized intermit 
tently by the present circuit. 

If this cycle is not fully automatic the next button 
which is to be pressed is switch 1200 which starts the 
magazine feeder to operate the solenoid valve 922 to 
move the pistons in all of the magazine feed hydraulic 
cylinders 226 and 22 simultaneously, which permits one 
bar from each of the four rows of bars in the racks to 
be rolled onto the idle rollers 302 and 303 of the roller 
feeders 300 and 301. This circuit 1210 remains ener 
gized until all four of the bars are in contact with the 
rollers 362 and 303, at which time one or more bar ac 
tuated switches 1220 through circuit 230 releases the 
circuit 120 by deenergizing the spring returned solenoid 
connected to valve 922, so that the magazine feeder cylin 
ders 220 and 221 are hydraulically returned to the posi 
tions shown in Fig. 5. 

If the cycle is still not in automatic control, the next 
button which is to be pressed is the indexing switch 1500. 
This switch controls circuit 1510 to operate the solenoid 
valve 920 to remove the shot pins from the trunnion wheel 
500 by operation of all of the mechanisms 585, 586 and 
587 simultaneously and start a timer 1520 to insure suffi 
cient time for all of the shot pins to be retracted, after 
which the timer starts the indexing motor 551 to rotate 
the trunnion wheel until its limit switches 565, 566, 567 
and/or 575 in circuit 53 stop the motor 551 at its proper 
place which then controls the circuit 1540 to deemergize 
the solenoid of valve 929 so that all three of the shot pins 
are again placed in the trunnion wheel to lock it from 
rotation during the present working or herein crop cycle. 
To insure sufficient time for the reinsertion of the shot 
pins, the limit switch 590 operated by one of the pins may 
be operated before circuit 1610 is energized to operate 
the spring returned valve 940 to unclamp the fixture 
chuck clamps at the last station #9 of each group of sta 
tions. To this pin unclamping circuit is connected a timer 
i620, which timer controls circuit 1630 to deenergize the 
Solenoid of the valve 940 to retract the piston of the un 
clamping cylinders 632 and 633. 

If the circuit still is not fully automatic, the next button 
to be pushed is that for the grip feeder switch 1400, which 
simultaneously energizes circuit 1710 to advance to four 
stock stops and circuit 1410 to advance the two grip 
feeders 400 and 401. Energization of the circuit 1710 
energized the solenoid 926 to advance all four of the 
stock stops 710 and 711 into the dotted line positions 
shown in Fig. 11, to prepare for the cropping, by the saws 
764 and 785, of the stub ends of the new bars which will 
soon be fed towards these stops adjacent the trunnion 
wheel 500. Energization of the advance grip feeder cir 
cuit 410 operates the solenoid valves 44; and 442 si 
multaneously, which moves pistons in cylinders 414 and 
415 until they contact their forward limit switches 412, 
to start a timer 1420 to insure their full forward move 
ment before starting simultaneously, three more circuits, 
namely, the locking circuit 1430 for the grip feeder, cir 
cuit 1440 to open the grip feeder clamps, and circuit 
1450 to operate the fixture chuck clamps. The circuit 
1430 operates the spring returned solenoid valve 937 to 
operate the cylinders 417 to the slides. of the grip feeders 
locking them in their forward position. The circuit 1440 
energizes the solenoids of valves 924 and 925 to retract 
simultaneously the pistons in each of the four cylinders 
410 and 411 to open the clamp jaws 428 and 429 of the 
grip feeders to receive the bars 155 when they are fed 
through openings 424 and 425 by the roll feeders 300 and 
301. The circuit 1450 energizes the solenoids of valves 
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921 and 930 to operate the cylinders 631 and 630, respec 
tively, to close the fixture chuck clamps at each of the 
first operating stations #1 at the trunnion wheel, but these 
clamps do not close sufficiently tight to clamp the stock 
stops 710 and 711 which extend through these particular 
chucks at this time. These two chucks at the crop cycle 
remain empty for one complete group of working opera 
tions to account for the cropping of the stub ends of the 
new bars 155. 

If still manual operation is continued, the next switch 
to be operated is the roll feeder switch 1300, which then 
operates the circuit 1310 to energize the spring returned 
solenoid of valve 923 to operate simultaneously the four 
control roll feeder hydraulic cylinders 340 and 341, and 
also simultaneously start the roll feed motors 321, which 
then starts a timer 1320 to insure sufficient time for the 
bars to move into contact with the advanced stock stops 
710 and 711. After this time has expired, the circuit 1460 
is operated to deemergize the solenoids of valves 924 and 
925 of the grip feeder clamps, so that the pistons of cyl 
inders 410 and 411 will be advanced to grip the ends of 
the bars 155, just fed through the openings 424 and 425 
to abut against the extended stock stops 710 and 711. 
These grip feeders maintain this clamping of the bars 
during this crop cycle until after the stub ends have been 
cropped or sawed off by the saws 704 and 705. 

If this circuit is now automatic a timer 1465 may be 
employed from the circuit 1460 to insure that the grip 
feeder clamps have completely closed on the bars, before 
the next circuits are operated. However, if the operation 
is still manually actuated, the next button to be pushed 
is that of the advanced tool switch 1700. This switch 
1700 now simultaneously starts three more circuits, name 
ly the retract stock stops circuit 1770 by operating valve 
926 away from its position shown in Fig. 30, the advance 
saws circuit 1780, and the advance drill heads circuit 1810. 
The advance saw circuit 1780 operates both valves 904 
and then both valves 909 to advance the saws 704 and 
705 first into position and then through cutting under the 
control of limit switches 1782, as switch 911 shown in 
Fig. 33, to completely cut off or crop the stub front ends 
of the bars 155. Simultaneously with this sawing, there 
is energized the advance drill head circuit 1810 which 

- operates another pair of valves, similar to valves 904 and 
909 in Fig. 33, for advancing the drill heads 800 and 801 
into cutting positions and then through cutting under the 
control of a limit switch 1811 as switch 911. As the saws 
and the drills advance they operate their limit switches 
1782 and 1811 and while the saws are passing to their end 
limit switches 1785 (similar to switch 912 in Fig. 33), 
the advance reamer circuit 1820 is energized to energize 
the solenoid 917 to operate valve 915 in Fig. 32 to speed 
up and increase the movement of the reamers 840 during 
the cutting period of the saws and drills. As soon as the 
saws reach depth they operate their limit switches 1785 
to energize their retraction circuit 1790 to energize the 
other solenoids on valves 904 and deenergize the solenoid 
for valve 909 to return the saw mechanisms to the full line 
positions shown in Fig. 3 at which time the rear limit 
switches 1795, similar to switch 913 in Fig. 33, are oper 
ated to indicate the sawing operation and retractions have 
been completed. 
The operation of the limit switch 1785 also energizes 

three more circuits, namely circuit 1435 to unlock the 
grip feeders, circuit 1440 to open the grip feeder clamps, 
and circuit 1480 to retract the fixture clamp cylinders 
preparatory to the next indexing operation. The circuits 
1435 and 1440 release the bars 155, so the grip feeders 400 
and 401 may be retracted for feeding in a regular article 
or blank length into the chucks 600 during the next cycle. 
The opening of the grip feeders 1440 by energizing the 
solenoids of valves 924 and 925 may operate a timer 1485 
to insure they completely open the jaws 428 and 429 be 
fore energizing the circuit 1490 to retract the grip feeders 
400 and 401 by operation of the solenoid valves 941 and 
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942. Near their retracted positions they operate limit 
switches 1492 which may start a timer 1495 to insure 
complete retraction before the grip feeder clamp circuit 
1460 is again operated to deenergize the solenoids of 
valves 924 and 925 to again clamp the bars 155 between 
the jaws 426, 427, 428 and 429, ready for advancing the 
grip feeders of bars 155 during the first part of the next 
cycle described in the next sub-chapter. 
The advancing reamers when they approach depth op 

erate limit switches 872, which may start a timer 1825 
which insures the reaching of depth before energizing the 
retract reamers circuit 1830 which energizes solenoid 916 
to operate valve 915 back away from the position shown 
in Fig. 32 to retract the reamers. When the reamers have 
been retracted they operate limit switches 873 to indicate 
they have completed their cycle of operation. As soon as 
the drill heads 800 and 801 approach depth they operate 
limit switches 1812 to start a timer 1815 to insure their 
depth, and to energize the retract drill heads circuit 1840 
to operate their valves, similar to valves 904 and 909 as 
described for the saw mechanisms above, after which re 
traction their rear limit switches 1845 (similar to switch 
913) are operated to indicate the devices 800 and 801 are 
in their full line positions shown in Figs. 1 and 2. 
The discharge of the completed pins from station #9 

is mechanically accomplished by the ejectors 890 (see 
Fig. 28) but has no effect if the machine is empty as it 
has been assumed above. This function is indicated by 
the block 1816 attached to the circuit 1810 since it oper 
ates simultaneously with this circuit. 

If the system is now to be put into automatic operation, 
the automatic switch 1900 is operated or may be operated 
together with the advance tool switch 1700, so that as 
Soon as the limit switches 1845, 873 and 1795 have been 
operated by the retraction of the reamers, drill heads, and 
saws, a circuit will be established through the dotted line 
1901 by-passing the indexing switch 1500 to energize the 
pull shot pins circuit 1510 and motor 551, which then will 
continue through repeated automatic machining cycles as 
shown in Fig. 35. 
The release of the roll feeder levers or retraction of 

pistons 342 and 343 clamping the bars 153 or 155 in the 
roll feeders, is not operated until the first of the following 
automatic machining cycle, by the connection 1330 from 
the pull shot pins circuit 1510 to operate release roll feeder 
lever circuit 1340, because there is no other clamp on 
these bars during retraction of the grip feeders 400 and 
401 during the crop cycle of operation, as there is by 
the chucks 600 during the automatic machining cycle 
described in connection with Fig. 35. Since this opera 
tion, however, is only connected with the end of each crop 
cycle of operation, it has been disclosed in Fig. 34 as if 
connection 1901 had been completed. This sequence in 
sures the holding of the bars 155 throughout the retraction 
and reclamping of the bars by the grip feeders 400 and 
401. 
There also may be provided in this circuit a safety 

switch 2000 which is directly connected to the retraction 
circuits 1840, 1830 and 1790 for the drill heads, reamers 
and saws, respectively, so that any time any part gets 
jammed, this switch 2000 may be manually operated to 
retract these three cutting devices, regardless of their 
position in the machine, freeing the ends of all the parts 
being machined around the trunnion wheel 500. 

(b) AUTOMATIC MACHINING CYCLE 

According to the circuit in Fig. 35, the normal auto 
matic machining cycle sequence of operation is in full 
lines connecting the block circuits, which circuits are 
ordinarily instigated by the pushing of the automatic 
switch 1900 near or at the end of the crop cycle as de 
scribed above. The manual operation of this circuit 
in Fig. 35, is therefore shown in dotted lines, with those 
portions of the circuit both in solid and dotted lines being 
disconnected when only the system is being manually 
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operated. The arrangement of the block circuits indicat 
ing the different parts of the apparatus in Fig. 35, is iden 
tical to that shown in Fig. 34, but only those block cir 
cuits are shown in Fig. 35 which take part in the auto 
matic machining cycle which continues as long as the 
bars 155 last after which another circuit, namely, the 
counter 1470, is put into operation to shut off the device 
by opening the indexing switch 1500 through the con 
nection 1425, or else also through the dotted connection 
1426, to automatically connect with the magazine feeder 
220 to start and automatically operate the crop cycle. 
Following through the automatic operation which is 

instigated by the closing of the indexing switch 1500, 
or of the automatic switch 1900, circuit 1510 is ener 
gized to pull the shot pins and index the trunnion wheel 
to the next station, and reinsert the shot pins, as previously 
described through circuit 1510, timer 1520, index motor 
551, limit switch 1530 and circuit 1540, at the end of 
which the limit switch 590 indicates that the shot pins 
are again advanced into locking position. 

After the indexing has been completed the limit switch 
590, simultaneously energizes three separate circuits, 
namely circuit 1610 to unclamp pins in the fixture chucks 
600 at stations #9, advance grip feeder circuit 1410, and 
the advance drill heads circuit 1810. As distinguished 
from the crop cycle system, the saws are not yet advanced 
but are done so later under the control of the operation 
of the grip feeders 400 and 401. When the grip feeders 
have advanced to operate their limit switches 412 and 
start the timer 1420, this timer then operates circuit 
450 to clamp the bar in the fixture chucks 600, after 
which the limit switches 931 and 932 are operated to 
start a timer 1455. The timer 1455 then after insuring 
the chucks are closed, operates two circuits simultane 
ously, namely: circuit 1440 for opening the grip feeder 
clamps and circuit 1780 to advance the saws. Since the 
blank length ends from the bars 155 have now been 
clamped into the chuck fixtures 600, the grip feeders 
400 and 401 may now be released and retracted for the 
next indexing operation through the operation of cir 
cuits 1440 and 1490, timer 1485, limit switch 1492, 
timer 1495, and then reclamped through circuit 1460. 
Now the saws may be advanced through operation of 

circuit 1780 to pass their limit switches 1782 to the second 
limit switches 1785, which then energizes two circuits, 
namely circuit 1790 to retract the saws, and circuit 1480 
to retract the clamp fixture cylinders 630-631, respec 
tively, so that the trunnion wheel 500 will be free to 
rotate when the next indexing operation is to start. 

In the meantime the drill heads 800 and 801 have ad 
vanced under the control of circuit 1810 to operate limit 
switches 1811 to start the advance reamers circuit 1820 
and then operate their second limit switch 1812 to start 
timer 1815 before operating their retract drill heads cir 
cuit 1840. The advanced reamers 860 operate their 
limit switch 872 to start timer 825 to insure their full 
depth, and then to operate retract reamers circuit 1830. 
As soon as all of the final rear limit switches 1845, 

873 and 1795 have been operated, indicating that both 
drill heads, both reamers and both saw devices have 
reached their retracted positions, then all of these switches 
1845, 873 and 1795 operate to complete a series circuit 
through connection 1901 to energize again the pull shot 
pins circuit 1510, and repeat the whole cycle again accord 
ing to the solid lines just described. 

If at any time it is desired to stop the automatic opera 
tion at the end of a cycle, the automatic switch 1900 
may be opened, and then the manual switches 1500, 
1400, 1700, may be normally operated to make connec 
tions according to the dotted lines from these switches 
to control the machining operations. Also the safety 
switch 2000 may be operated instantaneously and simul 
taneously to operate the retraction circuits 1840, 1830 
and 1790 of the drills, reamers, and saws, respectively. 
In such event when the machine is stopped some time 
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during its automatic machining cycle, the cycle may be 
started to run automatically again by pushing in cyclic 
succession the indexing switch 1500, the grip feeder switch 
1400, and then simultaneously the advanced tools switch 
1700 and automatic switch 1900. 

in order to determine the end of the bars 155 or any 
bar iS5, there may be provided an additional circuit 
through an additional limit switch or switches 470 and 
471 connected from the outlet of the advanced feeder 
circuit 1410, which switches are operated when the end 
of the bar or bars are detected, as shown in Fig. 4, to 
start a counter circuit 1470 which counts a predetermined 
number of blanks, corresponding to an equal number of 
reciprocations of the grip feeders 400 and 401, which 
may be cut between the location of said switches 470 and 
471 and the saws 404 and 405. After this number has 
been counted a new connection is established for per 
forming two functions: first, to further retract the grip 
feeders 460 and 401 by energizing circuit 1475 and the 
Solenoid to operate valve 944 to prevent pistons 464 and 
465 from limiting the retraction of the pistons in cylin 
ders 414 and 415, so that the final or new slug ends of 
the bars may freely drop onto the shaker conveyor 160; 
and second, to establish connection 1425 to stop immedi 
ate repetition of the automatic machining cycle, by either 
opening the indexing switch 1500, or through an addi 
tional connection 1426 to automatically start the crop 
cycle of Fig. 34 to feed new bars 150 into the machine. 
The next advance of the grip feeder during the crop 
cycle automatically deemergizes the solenoid of the valve 
944 So that the pistons 464 and 465 again are advanced 
as rear limiting stops for normal reciprocation of the 
grip feeders 400 and 401. 
The foregoing detailed description of an embodiment 

of this invention for manufacturing or producing hollow 
Wrist pins to proper lengths and inside dimensions from 
Solid bars stock in one machine only, may be extended 
for a greater plurality of bars to be inserted simulta 
neously into different equally spaced work stations around 
a larger continuous conveyor than the disclosed trun 
nion wheel 500, for producing a greater plurality of parts 
simultaneously, without departing from the principle of 
this invention. Also the machine of this invention is 
readily adaptable to the manufacture of other articles 
from bars of Stock besides wrist pins, for which different 
types as well as different numbers of working stations 
may be employed, that is rearrangement of the tools at 
the Working stations, changing the dimensions of the 
clamps for different sizes of stock, etc. Furthermore, 
the Specific type of chuck employed on the conveyor, 
namely the trunnion wheel 500, has novelty and utility 
in other machines than the one herein described, because 
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of its positive action and providing a clamping arrange 
ment which does not have to be locked because of the 
Wedge of the threads and the jaws which do the clamping. 
Although the above description has been directed to 

semiautomatic operation for bars of stock of all the same 
length, the circuits shown in Figs. 34 and 35 indicate how 
the machine of this invention may be operated fully auto 
matically through both crop and machining cycles, or 
manually, for either bars of stock of the same or different 
lengths. 
While there is described above the principles of this 

invention in connection with specific apparatus, it is to 
be clearly understood that this description is made only 
by way of example and not as a limitation to the scope 
of this invention. 
What is claimed is: 
1. A chuck comprising two pairs of jaws, one jaw 

of each pair being C-shaped, a threaded shaft between 
said pair of jaws with one jaw of each pair being attached 
to a member, said member being threaded on said shaft, 
a pinion mounted on said shaft, a rack means for rotating 
said pinion and said shaft, means to prevent the rotation 
of said member relative to said shaft whereby said jaws 
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attached to said member are moved as a wedge across 
the open ends of said C-shaped jaws when said shaft is 
rotated, and means for longitudinally moving said rack 
leaS. 
2. A chuck according to claim 2 including a pair of 

opposing hydraulic motors, one for abutting each end 
of said rack means alternately. 

3. A chuck means according to claim 1 wherein one 
of said jaws of each pair comprises a pair of axially spaced 
C-shaped members with a pair of angularly spaced 
inwardly projecting teeth inside each C-member. 

4. A chuck for cylindrical articles comprising: a pair 
of cooperating jaws, one of said pair of jaws comprising 
two parallelly aligned axially spaced C-shaped jaw mem 
bers or more than 180 in angular extent, each of said 
C-shaped members having a pair of inwardly extending 
angularly spaced teeth, the other jaw at least partly 
bridging the space between said C-shaped members and 
having a flat wedging surface cooperating with the open 
ends of said C-shaped members, the perpendicular plane 
to said wedging surface through the axis of said cylindrical 
article being clamped passing between said teeth on each 
of said C-shaped members, and means for moving said 
wedging surface relative to said open ends of said 
C-shaped members. - 

5. A chuck for a pair of cylindrical articles com 
prising: two pairs of parallel spaced co-operating jaws, 
one and the outer jaw of each of said pairs of jaws 
comprising two parallelly aligned axially spaced C-shaped 
jaw members of more than 180 in angular extent, the 
other and inner jaw of each of said pairs of jaws com 
prising a single wedged shaped member between said outer 
jaws and having two opposing faces, each of said faces 
at least partly bridging the space between said C-shaped 
members of its corresponding outer jaw with the perpen 
dicular planes to said faces passing through the respective 
axes of said pair of cylindrical articles being clamped in 
said chuck, and means for moving said wedge shaped 
member relative to said open ends of said C-shaped 
members. 

6. A conveyor for moving objects successively to a 
plurality of stations; a clamping means mounted on said 
conveyor, said clamping means comprising: a pair of 
co-operating jaws, one of said jaws being a C-shaped 
raember and the other of said jaws being a wedging 
member, a threaded shaft, one of said jaw members being 
threaded on said shaft, a pinion mounted on said shaft, 
a rack means for rotating said pinion to move said one 
of said jaw members along said shaft into and out of 
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jaw clamping position; and means to move said conveyor 
from station to station; means at one station to operate 
said rack means into jaw clamping position; and means 
at another station to operate said rack means out of jaw 
clamping position. 

7. A conveyor according to claim 6 wherein both said 
means for operating said rack means comprise a recip 
rocating hydraulic cylinder for abutting opposite ends 
of said rack means. 8. A conveyor for moving a pair of cylindrical objects 
Successively to a plurality of stations; a clamping means 
mounted on said conveyor, said clamping means com 
prising: two pairs of parallel spaced co-operating jaws, 
one and the outer jaw of each of said pairs of jaws 
comprising two parallelly aligned axially spaced C-shaped 
jaw members of more than 180 in angular extent, the 
other and inner jaw of each of said pairs of jaws com 
prising a single wedge-shaped member between said outer 
jaws and having two opposed faces, each of said faces 
at least partly bridging the space between said C-shaped 
members of its corresponding outer jaw with the perpen 
dicular planes of said faces passing through the respective 
axis of said pair of cylindrical objects being clamped 
therein, means for moving said wedge-shaped member 
relative to said open ends of said C-shaped members; 
means to move said conveyor from station to station; 
means at one station to operate said moving means into 
jaw clamping position; and means at another station to 
operate said moving means out of jaw clamping position. 

9. A conveyor according to claim 8 wherein said means 
for moving said wedge-shaped member comprises a 
threaded shaft, said wedge-shaped member being threaded 
on said shaft, a pinion mounted on said shaft, and a rack 
means for rotating said pinion to move said member 
along said shaft into and out of jaw clamping position, 
said rack means being operated by said operating means 
at said one and said other stations. 
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