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NozZLE GRINDING MACHINE 
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Day, Springfield, Wt., assignors to Bryant 
Chucking Grinder Company, Springfield, Wt, a 
corporation of Vermont 

Application February 25, 1947, Serial No. 730,686 
(CI. 51-50) 11. Claims. 

1. 
This invention relates to internal grinding ma 

chines and has for an object to provide Such a 
machine capable of grinding the bore of a nozzle 
having a cylindrical bore for a portion of its 
length communicating With one or more tapered 
bores, one of the tapered bores leading to a dis 
charge orifice, the machine being capable of 
grinding the cylindrical and tapered bores With 
a single grinding wheel having cylindrical and 
tapered grinding faces. 
A further object of the invention is to pro 

vide such a machine capable of grinding a tapered 
bore leading to an orifice of very small diameter. 
A further object is to provide such a machine 

wherein a pair of tapered bore portions are 
ground by different portions of the tapered face 
of the grinding wheel. 

Further objects and advantages Will appear 
from a description of an embodiment of the in 
vention shown in the accompanying drawings, 
in Which 

Figure 1 is a front elevation of a grinding ma 
chine embodying the invention. 

Figure 2 is a top plan view of the same. 
Figure 3 is a longitudinal central sectional 

View of a nozzle showing the grinding wheel op 
erating upon the cylindrical bore and showing 
the traverse limits. & 

Figures 4, 5 and 6 are views similar to a por 
tion of Figure 3, but showing different; relative 
positions of the work and grinding wheel during 
different stages of the grinding operation. 

Figure 7 is a Sectional view on line 7-7 of Fig 
lure 1. 

Figure 8 is a Sectional view on line 8-8 of Fig 
lure 2. 

Figures 9, 10 and 11 are sectional views on the 
correspondingly numbered section lines of Fig 
lure 8. 

Figure 12 is a view similar to a portion of Fig 
lure 2, but to a larger scale, and showing the 
Wheel head. 

Figure 13 is a sectional view on line f3-3 
of Figure 12. 

Figure 14 is a fragmentary view similar to a 
portion of Figure 13, but to a larger Scale and in 
further Section. 

Figure 15 is a detail Sectional view on line 
5-5 of Figure 13. 
Figure 16 is a right hand end elevation of the 

machine. 
Figure 17 is a fragmentary view partly in ele 

Vation, and partly broken away and in section, 
of the facing Stop adjusting mechanism. 

Figure 18 is a detail sectional view of the fac 
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ing stop mechanism. On the Work, and wheel heads 
online 8-8 of Figure 17. 
Figure 19 is a fragmentary Sectional view sim 

ilar to a portion of Figure 3, but showing a modi 
fied form of nozzle and the grinding of a second 
taper surface therein. 

Figure 20 is a fragmentary top plan view sim 
ilar to a portion of Figure 12, but showing a 
modification particularly suitable for grinding a 
nozzle of the form partly shown in Figure 19. 

Figures 21 and 22 are detail Sectional views on 
lines 2-2 and 22-22, respectively, of Figure 20. 
The drawings illustrate an internal grinding 

machine of the general type shown in the Arms 
Patent No. 2,310,338, granted February 9, 1943, 
for Mietal Working Machines, but involving cer 
tain changes particularly adapting the machine 
for grinding the cylindrical and tapered bores of 
a nozzle such as is used in connection. With the 
fuel injection System of Diesel engines. 
The machine comprises a bed carrying there 

On at One end, a Work carriage 2 mounted for 
motion from front to back of the machine, this 
front and back motion being employed to feed 
and retract the Work relative to the grinding 
Wheel. When grinding the cylindrical hole in the 
work. The mounting of this carriage may be 
the Same as that shown in the Arms Patent No. 
2,310,338, to which reference has previously been 
made, and ShoWn herein is a Wheel 3 on the for 
Ward face of the carriage 2 and fixed to a feed 
shaft 4, by the rotation of which this motion of 
the WOrk carriage is produced as fully disclosed 
in that Arms patent. 

Work Support 
Within the Work carriage is journaled a work 

carrying spindle 5, but this spindle is mounted in 
a different manner from the disclosure in the 
Arms patent in order to provide for axial motion 
of the Spindle relative to the work carriage. This 
axial motion is for the purpose offeeding the work 
axially toward the wheel when the taper bore 
portions of the nozzle are being ground, as will 
later more fully appear. The spindle 5, as shown 
best in Figures 7 and 8, is slidably and rotatably 
mounted in spaced bearings 6 and T, which may, 
if desired, be of the type shown in the Arms. Pat 
ent No. 2,354,296, granted July 25, 1944, for Grind 
ing Machine, and outwardly of the rear bearing 
6, it has fixed thereto a belt pulley fo by which 
the Spindle may be rotated. This belt pulley may 
be secured in position against an annular shoul 
der on the Spindle by means of a nut 2 
threaded on the spindle and engaging the outer 
face of the pulley. This pulley may carry a suit 
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able driving belt (not shown) by which the spin 
dle may be rotated from a motor A (Figure 2) 
carried by the work carriage 2. Outwardly of 
the pulley 0 the Spindle 5 is journaled in radial 
thrust angular contact ball bearings f5 arranged 
back to back...and loaded by tightening, the nut, 
8. The Outer raceways 6 of these ball bear 

ings 5 are carried by a collar . The spindle. 
5 thus rotates without backlash and thus in fixed. 
axial relation thereto Within the collar which 
is held against rotation as will later appear. 
The spindle 5 is hollow and carries: axially 

movable therein, a rod 20, the forward end of 
Which is connected to a Work-clamping collet 
22 having removable jaw clamping pads 23 at 
its forward end for engagement with the Outer 
face of a work piece consisting of the nozzle to 
be ground and as shown in Figures 3 or 19. The 
outerfaces of the collet jaWS, such jaws being: 
shown at its forward end, are formed with in 
clined faces. 24. With which, cooperate. nating 
faces. on a ring .25, carried by a face... plate-2S 
which s is secured to ; the forward. end of the 
spindle. The face plate acts... as a counterbal 
ance for this end of the spindle. for... the Weight 
of. parts at the other: end. The spindle ... also 
carries: a limiti stop. 30 to', limit the extent to . 
which the work pieces may be inserted between 
the pads; 23. This stop 303 at...its... rear. end is 
threaded into, a - Spider. 3. Which extends ra 
dially. Outwardly, between the jaWS., of the collet, 
as shown: best, in Figure 10, the outer ends of 
the-spider arms...being clamped againstan...an 
nular shoulder. 33. Within the Spindle. 5; as . by. 
taper. ended screws. 34 threaded transversely 
through the spindle. 5, their. conical ends en 
gaging-tapered faces 35-of-the spider-arms. The 
face plate 26i may be provided: with holes. 36 in : 
line. with the screws. 34 so that access may be 
had to these: screws from the exterior, of the 
face, plate;. A dust. guard element. 38; is at 
tached to ... the: inner face of the bearing Sup 
port. 40' and has a neckportion' 4 projecting 
insides of the rear...face's of , and close to the face 
plate , 26; and relative to which the face plate 
may-be:moved: axially with the axial motion of 
the spindle-5. . 
The rear. end of the rod, 20 is provided with. 

a head; 45 against... the forward faces of which 
bears: a spring. 46 seated in-a-recess. 4 in the 
outer end of the spindle, this?. Spring tending to - 
hold the rod 20 retracted with the collet - in'. 
work-clamping position. It may, however, be 
forced forwardly to release the collet by engage 
ment- of a piston abutinent 50 against the rear 
end of the rod'. 20; the pistoral-being slidable in 'a. 
fluid pressure cylinder 52 to which fluid under 
pressure-may-be-admitted or discharged through 
a pipe 55. This cylinder 52 is held to the collar 
7. as by screws 56. 
The collar has a pair of diametrically. Op 

posed outwardly extending lugs 60 and 6 to 
which are secured: the rear ends of a pair of 
flexible-flat springs or reeds-63, the forward ends 
of which are secured to a pair of arms 64 pro 
jecting from the upper and lower portions of 
a yoke-ring 65 forming part of a lever 66, the 
rear end of which is-fulcrumed on a pair of leaf 
springs' or reeds 67 secured at their rear ends 
to a frame portion 68 of the work carriage, this 
portion forming a housing for the rear end of 
the spindle. A third leaf spring or reed 70 is 
anchiored at one end to the rear upright Wall 
of thie. lever. 66, and at its forward end to 
a bracket portion 72 of the Work carriage, aS 
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shown best in Figure 7. This provides a pivotal 
mounting of the rear end of the lever 66 formed 
by the reeds 67 and 70 which is free from lost 
motion, and by swinging this lever 66 on its 
reed fulcrum it will be apparent that the spindle 
5, may be moved, axially. The-lower. iug 6 is 
slidably guided in a slot 73 in the housing 68, 
thus holding the collar against rotation. The 
limits of axial motion of the spindle 5 may be 
determined by a pair of adjustable stop screWS 
5: (see. Figure.7) between which the lever 66 ex 

tendss and , carried... by lugs 6 on the forward 
face of the casing 68' which houses the rear end 
of the spindle, the lever 66 as shown having 
hardened headed abutments 8 in position to 
contact with the stop Screws 75. 
The angular position of the lever 66 may be 

varied as desired, and micrometric means may 
be provided for swinging it to move the Spindle 
axially, to bring, the Work against, the grinding: 
wheel for grinding the tapered portions of the 
bore as will later appear. This micrometric 
adjusting means is shown best. in Figure 7, and 
comprises, a bar. 88). Slidable through, a bearing. 
bracket. 8 and having its forward: portion ex 
ternally, threaded as at 82. Cooperating with 
these threads are mating internal: threads on a . 
sleeve 83 journaled in the bracket.8i, and held 
against axial motion...by. an annular head. 84 at 
one end, and a wheel;85, at the other end, bear 
ing against opposite-faces of the bracket. 8, and 
held in position, by a nut, a 6: threaded on , the 
forward end of the sleeve 83, and held in po 
sition as by a set screw 87. This Wheel 85. is 
provided with a handle 88 by which it may be 
turned and is also provided. With a graduated 
peripheral portion at: 89 with which cooperates. 
an index element: 890, carried by the bracket. 8d. 
The rear or outer end of the bar 80 is pro 
vided with a flattened portion extending into a 
guide element 8 a. (Figure: 1) and acroSS this 
portion is adjustably slidable the inner end of 
a flexible strip 90, theirear end of which is suit 
ably secured to the outer end portion of the 
lever. 66, as by a clamping, cap 9 Secured by a 
screw 92. This strip 90 may be adjustably se 
cured at either end portion to its adjacent part, 
either the lever 66 or the bar. 80. In Figure: 2. 
it is shown as-adjustably clamped to the lever 66, . 
a screw knob 95, which may act, as a clamp and 
also as a handle, which may be grasped by the 
operator, being employed to clamp the Strip. 90. 
in position. In Figure 7, this adjustment.is-be 
tween the strip 90 and the bar 80, the Strip 
being provided with a slot; 9 through which 
extends a screw, 98 provided, with a clamping 
thumb nut 99. If the strip 9) is fixedly held 
to the lever. 66, the outer end of this lever, is 
preferably provided with a knob it by, which 
it may be grasped by the operator for, a pur 
pose which will later appear. 
From this construction it will be seen that.the 

lever 66 may be adjusted by hand to the desired 
point, allowing the strip 90 to slide relative to 
one or the other of its end adjustments and then, 
may. be clamped in position, whereupon by ro 
tating the wheel 85 the lever. may be further 
moved in either direction, the extent of motion 
being indicated by changes in registry of the 
graduated dial 89 with reference to the reference 
element 890. This is for a purpose which will. 
later appear. 

Grinding wheel mounting: 
The grinding wheel slide ff) may be mounted 
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on the machine for motion from and toward the 
work carriage in the manner shown in the Arms 
Patent No. 2,310,338, but for the purpose of this 
invention the grinding wheel spindle is not di 
rectly carried by this wheel slide. 

carriage 2 which is mounted for motion on the 
wheel slide 0 but at an angle to the direction 
of motion of this slide, this angle corresponding. 
to the taper of the taper bore portion of the 
work piece. This mounting is illustrated best in 
Figures 12 to 15. The wheel slide to has a pair 
of upwardly extending portions - 4 which have 
clamped therein a pair of spaced guide bars 5 
(see Figures 12, 13 and 15). The carriage 2, 
which carries a wheel head if 6 carrying the 
wheel spindle , has forward and rear Walls 

8 and 9 which extend down on opposite sides 
of the upstanding portions f 4 of the wheel slide 
and these walls 8 and 9 are provided with 
bushings 20 which are mounted on end por 
tions of the guide bars 5 which extend beyond 
opposite faces of the portions 4, as on pre 
loaded ball bearings 2 and 22. The forward 
ball bearing f2 is covered over by a cap 23. 
which houses the outer end of a plunger 24 slid 
able in the Outer end of a socket 25. in the ad 
jacent end of the guide bar 5 and pressed out 
wardly by a spring 26 seated in the Socket 25. 
This plunger 24 acting on the cap 23, presses. 
the caps 6 of the wheel carriage forwardly 
along the inclined guide bars 5 as far as is 
permitted by the engagement of a Cam Con 
toured rod 28 journaled in the portion 9 of 
the wheel carriage, the cam face of which bears 
against a rod 29 mounted for axial motion in 
one of the portions 4, its inner end bearing on 
a face 30 of a second cam bar 3? also journaled 
in the portion 4. This cam bar 3 also has a 
face 32 which bears against a plug 33 mounted 
in a bore 34 of the portion 4 and backed up 
by an adjusting screw 35. This plug 33 de 
termines one angular limit of motion of the can 
bar 3 and this limit of motion determines also 
the forward limit of motion of the rod 29. The 
cam bar 3? is provided with an actuating handle 
AO at its forward end, while the can bar 28 
has a similar actuating handle f4 at its forward 
end. This latter handle 4 may be turned 
toward and from a limiting position determined 
by engagement of a pin 42 thereon with a fixed 
stop pin 43. The portion of this calm bar which 
bears on the rod 29 is so shaped that as the 
handle 4 is turned between its positions, the 
wheel carriage is moved axially for a short dis 
tance sufficient to bring a cam follower 58, to 
be later described, into or out of operative rela 
tion to a cam by the motion of which automatic 
traverse of the carriage along the inclined bars 
f 5 may be produced. The angular motion of 
the handle 40 may act to give a further extent 
of motion of the Wheel carriage back of its auto 
matic reciprocation and independent of that pro 
duced by rocking of the handle 4f, this being 
sufficient to move the Wheel carriage in a path 
during which the tapered face of the wheel may 
be trued, as will later appear. 
The reciprocating means for the carriage is 

shown best in Figures 12, 13 and 14. The rear 
end of the wheel carriage has secured thereto, 
as by screws 50, a yoke member 5 having a 
pair of side jaw portions 52 which have between 
them a cam in the form of an eccentric 53 
carried by the upper end of a shaft 54. This 
eccentric 53 carries the inner raceway 55 of 

Instead the. 
wheel spindle is journaled for rotation in a 
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6 
a ball bearing 56, the outer raceway 57 of 
which is stationary as the eccentric revolves, and 
when the handles 4 and 40 are in their low 
ered position shown in Figure. 12, the cam foll 
lower consisting of an abutment 58 micrometri 
cally adjustable through a cross bar 59 fixed to. 
the rear ends of the jaws 52 engages on this 
outer raceway. As the eccentric 53 is rotated, 
the abutment 58 follows the motion of the outer 
raceway in the direction of traverse permitted 
by, the guide bars 5, the springs f26 holding 
the abutment.f58 against the raceway member 
i5. Thus by rotation of the eccentric, a recipro 
catory motion of the wheel carriage in a direc 
ition angular to the direction of motion of the 
Wheel slide takes place, this being through a 
Small amplitude but sufficient to provide the de 
sired traversing of the tapered face of the grind 
ing Wheel along the tapered face of the work 
piece. Rotation of the eccentric 53 is produced 
by rotating the shaft i54 in its ball bearings 
66, and to this end the shaft 54 has fixed there 

to a worm wheel 6 (Figures 12 and 16) with 
which meshes a worm 62 fixed to a shaft 63 

: journaled in a casing 630 carried by the wheel 
slide. This shaft 63 is provided with a belt pulley 
64 fron which it may be driven as by a belt 65 
from a motor. 66 (see Figure 2) carried by the 
Wheel slide (e. 
By turning the handle 4 from its lowered 

position shown in Figure 12, the wheel carriage 
may be retracted along the guide bars 5 suffi 
ciently to bring the abutment 58 out of contact 
With the eccentric ball bearing element so that 
no angular reciprocation of the wheel carriage 
With the Wheel may be produced. The abutment 
58, which was previously described as micro 

metrically mounted, may have the graduated 
micrometer thimble 69 by which its position 
of adjustment may be read, this being for a pur 
pose which will later appear. 
One form of work piece and the grinding wheel 

for performing the desired operations theredn 
is illustrated in Figures 3 to 6. The work piece, 
as shown in these figures, comprises a cylindrical 
body 200 having a rear end portion 29 of some 
What increased diameter and a central cylin 
drical bore 202. At the forward end of this cy 
lindrical portion it opens up into an enlarged 
cavity 203 from which a tapered bore portion 204 
extends to a nozzle aperture 265. The grinding 
Wheel for operating On these bores has a cylin 
drical portion 206 terminating in a tapered coni 
cal end 20. The cylindrical portion. 206 is em 
ployed to grind the cylindrical portion 202 of the 
bore, and the conical portion 207 is employed 
to grind the conical surface 204. The cylindrical 
portion of the bore 202 is traversed during the 
grinding operation by the cylindrical portion 206 
of the grinding wheel, this traverse being effected 
by the Oscillation of the wheel slide, this OScilla 
tion being effected between the limits shown in 
full and dotted lines of Figure 3. This traverse 
ing motion of the wheel slide may be effected by 
power means which may be identical with that 
shown in the Arms Patent No. 2,310,338, to which 
reference has previously been made. The means 
which determines the inner limit of such travers 
ing motion, this being the full line position of 
Figure 3, is determined by the impingement of 
a control element 208 upon a stop dog 20 shown 
in Figures 1 and 18, but in Order that the Car 
riage may be moved an additional amount to 
bring the grinding Wheel tapered end portion 
nearer to the taper surface to be ground, this 
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stop dog 20 is mounted so that it may be lifted 
by the operator out of operative. position, and, 
as: ShoWin.in. Figures 1 and 18, this may becaca. 
complished by providing a slot.2 in the dogs. 
stop 2.0 through which passes a fulcrumpin2 2.5 
Likewise, in: order to advance, the grinding-wheel 
from time...to' time: as the conical endportion of: 
the grinding. wheel is worn or trued off, and to: 
make. Sure that the traverse extends...inc., far: 
enough a for the cylindrical portion. 206 of the: 10 
Wheel to clear the inner end of the cylindrical 
bore, the stop dog: 20. may be adjusted to the 
right, as shown in Figure .18, by means of an 
adjusting Screw. 23. During...this grinding, op 
eration of the cylindrical bore 202,...the ... wheel 
Carriage. is held retracted with the abutment 
58 out of operative relation to the eccentric 53. 

So...that the entire motion of the grinding wheel; 
is.lengthwise of the spindle-axis. 
When the desired: extent of grinding."of... the 

cylindrical portion 262 has been completed land. 
the ; wheel slide, has been retracted, as by the 
mechanism fully described in the. Arms Patent. 
No. 2,310,338, the parts: are then adjusted for 
the grinding of the taper bore portion 204. The 
Wheel slide is: then moved forward (to the left 
in Figures 13 and. 2) until it is stopped by-in 
pingement: of a facing, stop element. 220. carried, 
by the Wheel slide against a cooperating-stop-22, 
adjustably carried by the bed, of the machine 
(Figure. 18). While these stops. 220, and 22 are: 
not new with this machine, being shown in the 
Arms. Patent. No. 2,310,338...to. Which reference 
has heretofore-been made, they have been illus-, 
trated herein as they are used in a particulari 
manner in the cycle of Operations. The stop 220 
may be placed at adjustable distances from the 
forward face: of the. Wheel slide; and for 'this. 
purpose this Stop may be provided with a-series 
of Stop rods 222 Supported at various langular 40 
positions about its axis, and of varying-lengths: 
any one-of-which may be-brought to a position 
in line with an abutment .223°on the wheels slide, 
the others of the series being placed opposite to 
openings 225 in the wheel slide-into which they 45: 
may extend if they... are- of sufficient length; to 
do so. When the Selected rod 222 is in position 
to be stopped by the abutment .223. By : this 
means the amount of extension of the stop 220 
may be adjusted. from - one-to', another of any. 50. 
Selected of a number of different positions; each 
position being definitely predetermined by: the 
effective-length. of the rod 222 then in operative 
pOSition. 
The position of the stop. 22 is adjustable 55, 

and for this purpose -iti is shown as provided 
With a threaded shanks 2302 with: which is en , 
gaged a nut 23 journaled in a casing-2324 se. 
cured to the bed of the machine: This nut 23 fi 
has a portion of its periphery formed as as worm: 60 
Wheel - with which cooperates-a worm, -233 on a?: 
shaft, 234 which carries a hand. Wheel 235s at its' 
outer end by which it may be turned. 
In the position of the wheel-slide where-the 

facing. 'stops are in contact, the: conical portion. 65; 
of the grinding-wheel may not be sufficiently far: 
advanced...to contact with the bore of: the: work 
piece. The workpiece then may be: brought up, 
gently into contact with this portion. of the 
grinding. Wheel and this may be done: by releas-- 70 
ing the Strip. 96. at its releasable-endia1ad, with: 
the: indications on: the wheel. 853 turned to zero; 
at the indication 890, and the Outer end of the 
lever 66 may then be moved. toward the right: 
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8 
the conical end of the grinding, wheel, where-- 
upon the Strip;90::iss clamped in position, and 
the further-motion of the Workpiece toward the 
Wheels to; feed it against the wheel is effected 
to the desired extent by-rotating the hand, wheel 
85 until the desired, depth indication on the in 
dicator 89 has been reached. 

Ifidesired theimotor. 4 may be set sufficiently 
to; the right, to bring its belt: pulley to the right 
of the pulley O. So that the pull of the belt biases 
the Work Spindleiaxially to gently bring the work. 
to contact: the grinding wheel while the strip 93 
is released. Gentle-contact between the work and 
Wheel' is important.to: avoid breaking the wheel 
and is facilitated by the fiexible reeds and pre 
loaded thrust bearings at the plungers. 24 which 
eliminates errors, from backlash and running 
clearanceS: and reliminates frictional drag which 
Would reduce Sensitivity: of control. 

During: the feeding of the work piece toward 
the grinding: wheel; the grinding wheel is oscil 
lated parallel to the wheel taper by releasing: the 
Wheels carriage from its rearward position by 
rocking, the handle f4!: to the left, the handle 63 
being; in its lowered position, allowing the abut 
ment 58 to come into operative engagement with. 
the3eccentric. This being rotated by its driving 
notor, the Wheel is given a slight oscillation in 
the length Wise direction of the line of contact 
between the taper portion of the wheel and the 
Workpiece. . 

Figures 4, 5, and 6 illustrate the various re 
lationships between the wheel and the work for 
the start of... the taper grinding operation. In 
Figure :4 the relative position between the wheel 
and the: Work: piece in shown where the wheel 
head hassbeen advanced: against the facing. Stop. 
Figure: 5 shows the work: piece. advanced into 
contact. With the wheel, while Figure 6 shows in 
dotted-lines, the traverse limits of the taper por 
tion...of the wheel with relation to the tapered 
face of the workpiece during the grinding of 
this tapered face, the wheel then being oscillated 
in...a pathiangularly related to its axis and in 
the inclined: direction of the guides. 5. When 
the igrinding, has thus. proceeded to the desired 
extent, the: Work piece is retracted from the 
Wheelby reversing the rotation of the hand wheel 
85, .the Wheel head is returned to... its retracted 
position: Out of driven relation from the eccentric. 
f53%by:returning the handle. 4, to the retracted 
angular position. With the pin 42 engaging the 
stop pins. 43 Figure 12, and the wheel slide is 
retracted andmade ready...for a subsequent grind 
ing: Operation. 

In: Some cases: the work piece may be provided 
withia', Second tapered face. 250, as shown in 
Figure:19; at theirear-end of the cylindrical bore. 
202,...this: tapers being on the same angle as the 
taper-portion:204I adjacent to the nozzle orifice. 
This...face. 250 mayl be also be ground by the 
taperigrinding portion. 28. The wheel may be 
positioned to take care of this grinding operation. 
by v'causing the oscillation produced by the ec 
centific A533 to--be-imparted thereto, while the 
Wheel is in a position further removed from its 
position relative to the work.. axis than is its 
pCSition: when... grinding: the, taper. Surface 24 
adjacent to the nozzie orifice. It is also. in a 
different axial position. This may be accom 
plished by adjusting... the facing stop 229 to a 
different axial-position, as by the use of a stop 
rod-222 of greater length. than that utilized during 
the grinding of...the inner tapered surface 204. 

until the operator-feels the work contacting-with, 75. The further separation of the wheel from the 
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work axis may be accomplished by the use of a 
removable stop 260 of the proper thickness which 
can be interposed between the eccentric 53 and 
the yoke end member 59, as shown in Figures 20 
to 22. This member 26O may be pivoted on a 
pin 26 passing through a Slot in one of the yoke 
arms 52a and may be provided with an actuating 
handle 262 by the manipulation of which it may 
be turned into the operative position inwardly 
of the yoke end member 59 shown in Figures 20 
and 21, and in full lines in Figure 22, in which 
position, it acts to retract and hold the Wheel 
retracted away from its normal axial position 
for cylindrical grinding into the position where 
it may engage the tapered face 250. The stop 
26O may, however, be thrown out of operative 
position into the dotted line position of Figure 22, 
in which case the wheel carriage may nOWe 
forward and, provided the handles 40 and 4 
are in position to permit it, till the micromentri 
cally adjustable element 58 is in operative re 
lation to the eccentric, in which position the 
wheel is in condition and position for operating 
On the tapered bore 24 adjacent to the nozzle. 

It will be understood that that portion of the 
tapered wheel adjacent to the point of the taper 
is less effective for grinding than the portion 
further removed therefrom because of the higher 
rate of cutting speed of the individual grits the 
further they are removed from the axis of 
rotation, and that a grit at the extreme point 
or lying in the axis of the wheel in ineffective to 
cut. It is therefore, important that when the 
tapered portion 24 adjacent to the orifice of 
the nozzle is being ground, the wheel be presented 
thereto as far back from the point as possible, 
but without the wheel contacting with the dia 
metrically opposite part of the surface. Refer 
ring, for example, to Figure 6, the contact between 
the wheel and the Work is desired at One side. 
of the axis of the wheel, but not on the other. 
Consequently the relative adjustments of the 
wheel and work for grinding this tapered portion 
must be quite precise and the amount of oscil 
lation of the wheel Small in order that the grind 
ing contact may be held as far as possible away 
from the Wheel axis. Where the nozzle to be 
ground is of Small diameter having a nozzle 
aperture of as Small as 04' diameter, the ad 
justments must be made very accurately in order 
to maintain this desired relationship, and often 
the outer portion of the taper part of the wheel 
cannot be brought into grinding relation to the 
work at this taper Surface because of the limita 
tions afforded by contact with the opposite face 
Of the work from Where contact is desired. Since 
this larger diameter portion, however, is more 
advantageous for grinding than is the Small dia 
meter portion, it may be made use of when the 
nozzle is provided with a rear taper face such as 
25 in Figure 19, and the parts should be so pro 
portioned that this larger diameter portion of the 
tapered face is in operation for this portion of the 
grinding. 
Means for truing the wheel, both for the cy 

lindrical and tapered portions may be provided, 
to this end a truling device being shown at 2 
in Figure 2, this being supported on the inner 
face of the work slide and being rockable for 
wardly and backwardly into and out of proper 
position with respect to the cylindrical surface 
of the wheel when the wheel is moved by mo 
tion of the wheel slide, and in proper relation to 
the taper portion of the wheel when the wheel 
is moved by motion of the wheel carriage, 
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The various operations performed by the ap 

paratus as thus described may be accomplished as 
followS. 

Setting up 
The machine is set up with the dressing di 

amond set to the diameter of the cylindrical part 
of the hole ground and to finish size. 
One position of the turret facing stop on the 

wheel slide is set so that the tapered portion of 
the Wheel will be in position to be dressed by 
the diamond when the wheel carriage is oscil 
lated. 
A second position of the Same turret stop is 

set to a known length longer than the first, which 
increase is equal to that axial distance between 
the diamond and the cone of the Seat of the 
work to be ground. This is an approximate ad 
justment, since the work spindle is adjustable 
longitudinally. 
The eccentric driving the wheel carriage trave 

erse motion is adjusted to traverse the carriage 
only the Small amount necessary to break up 
grinding marks, say, .010' stroke. 
The micrometer thimble 69 is adjusted SO 

that the axis of the wheel is only a Small amount, 
say, .002' in back of the work axis when the 
work feed is at a setting for the finish size of 
the cylindrical hole and the stop 58 is contact 
ing the low point of the eccentric, that is, with 
the wheel carriage at the left hand limit of its 
stroke. 

Operation. 
1. The cylindrical portion of the wheel is 

dressed in the conventional manner with the lever 
4 in position to hold the carriage away from 
the eccentric, and the stock is removed from the 
wheel by feeding the work slide toward the front. 

2. After the cylindrical portion of the Wheel 
has been dressed, as noted in the preceding para 
graph, the wheel slide is moved to the left until 
the facing stop 220 Set in dress position by the 
selection of the proper element 222 engages the 
stop 221. The wheel is then caused to traverse 
the dressing tool by hand operation of the lever 
40, the lever 4 being retained in its position 

in which it was put for the cylindrical wheel 
dressing. The stock is removed from the wheel 
at the taper portion by retracting the feed screw 
hand wheel for the facing stop 22, permitting 
the wheel slide to move toward the left. The 
amount of turning of this hand wheel during the 
dressing operation is noted and the adjusting 
Screw 23 for the right hand reversing dog is 
adjusted to the same amount. This compensates 
in the inner limit of stroke of the wheel While 
it is grinding the cylindrical portion of the bore, 
for wear and truling on the taper portion of the 
Wheel. 

3. The turret facing stop 220 is then turned to 
taper grinding position with the proper element 
220 in operative position, but the position of the 
opposite facing stop 22 is allowed to remain as it 
was after the dressing adjustment. 

4. The work slide is then backed off by actua 
tion of its crossfeed mechanism. 

5. The cylindrical portion of the hole in the 
Work piece is then ground in the usual manner 
with the automatic traverse and with the lever 
4 of the wheel carriage still in the same angul 

lar position to operatively disengage the car 
riage from the cam So that it has no angular no 
tion. The cylindrical portion of the hole in the 
work is then ground to finish size. 

6. The right hand ever 4 is then turned 
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down to 'engage the wheel carriage with the ec 
centric for the angular traverse, and if the thim 
ble f69 has been adjusted as previously directed, 
the axis of the wheel will be about .002' back of 
the Work axis at the left hand end of the angu- . 
lar stroke. Rotation of this eccentric, now-pro 
duces the reciprocation of the wheel carriage par 
allel to the grinding wheel taper. 

7. The main wheel slide is then moved for 
: Ward with: the facing stop 22) adjusted for the 
taper seat grinding in the same position at which 
it was positioned for the truing of the tapered 

: face. 
* 8. ASSunning that the work is now positioned in 

the chuck that the tapered seat is uniform in re 
lation to the work spindle, it is not necessary to 
release the Work spindle thrust lever from its 
micrometric feeding mechanism. However, if 
there is a wide variation or when a new wheel 

..is put on, the strip 90 is disengaged at one or 
the other of its rends and the lever '66 is ad 
justed until the operator feels the contact between 
the wheel and the taper seat, after which the 
reed is reclamped, or provided there: is sufficient 
:axial thrust on the spindle through the belt con 
nection to its driving motor, as previously de 
Scribed, this will bring the work axially into the 
proper, position for tightening the strip (90 to both 
the lever and the micrometric adjusting device. 

9. The Workspindle is then fed axially to grind. 
the taper seat by rotation through the desired 
extent of the hand wheel 85. When this taper 
Seat has been ground to the desired depth, the 
reading on the feed. 89 is then noted and the 
micrometer thimble 69 on the wheel carriage is 
adjusted to correspond. This setting of the 
thimble. maintains.predetermined relative spac 
ling of the wheel axis and the work axis. The 
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wheel slide can be withdrawn to the right away. 
from the facing stop at. any time for inspection 
of the seat and returned to grinding position 
Without changing the adjustments. 

10. Assuming that there is no taper face 250 to 
be ground at the outer end of the cylindrical hole 
22, the wheel slide is then withdrawn, the op- - 
eration being complete, the work pieces are 
changed, and the cycle is repeated. The work 
carriage crossfeed should then be backed off. If, 
however, there is an outer taper, as the taper 250 
of Figure 19, to be ground, further steps are nec 
essary before removing the work or backing off 
the Cross feed as follows. 

11. Without changing the adjustment of the 
CrOSS feed on the work, the Wheel Slide is with 
drawn to the right and the work spindle is moved 
to the left. 

12. The stop element 260, shown in Figures' 20 
to 22, is then inserted between the eccentric and 
the yoke end member 59, which can be done by 
SWinging the lever 40 in a direction to withdraw 
the wheel carriage sufficiently. 
'13. The third position of the facing stop 220 

for grinding the outer taper is then engaged. 
14. The outer taper 259 is then ground by 

feeding the work spindle axially to the right, the 
Wheel carriage then being oscillated by the action 
of the eccentric against the element 260. 

15. On completion of the grinding of this 
tapered Surface, the wheel slide is moved to the 
right to change the work preparatory to repeat 
ing the cycle of Operations, the work slide cross 
feedbeing backed off beforestarting operation on 
the next Work piece. 
From the foregoing description of certain em 

bodiments of this invention, it should be evident 
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to those skilled in the art that various further 
modifications and changes may be made without 
departing from its spirit or scope. 
We claim: 
1. In combination, a wheel carriage, a grinding 

Wheel carried by said carriage, means supporting 
Said carriage for reciprocatory motion, a rotary 
Shaft, a can on said shaft, a yoke on said carriage 
Within which said cam is positioned, means for 
rotating said Shaft, means biasing, said carriage 
to preSS one end of said yoke against said cam 
Whereby the rotation of said shaft causes recip 
rocation of Said carriage, and an abutment car 
ried by said yoke and movable into or out of po 
Sition between said can and said yoke to thereby 
change the effective relation between said car 
riage and cam. 

2. In combination, a work support, a rotary 
Work-carrying Spindle journaled on said support 

20 and movable axially relative thereto, a collar 
journaled on Said spindle and axially fixed with 
relation thereto, a lever mounted for swinging 
motion in a plane parallel to the axis of said 
Spindle, a connection from said lever to said col 
lar . Whereby SWinging of said lever moves said 

- Spiridle-axially, a micrometer adjustment means 
Connected to said lever for Swinging said lever, a 
Sidable connection between Said adjusting means 
and lever, and means for clamping said connec 
tion-against sliding. 
'3. In combination, a work support, a rotary 

Work-carrying Spindle journaled on said support 
and movable axially relative thereto, a collar 
journaled on Said Spindle and axially fixed with 
relation thereto, a lever mounted for swinging 
notion in a plane parallel to the axis of said 
Spindle, a connection from Said lever to said col 
lar whereby SWinging df Said lever moves said 
Spindle axially, a bar mounted for axial motion, 
a member having threaded connection with said 
bar for axial adjustment of said bar by rotation 
of said member, and a connection from said lever 
to Said bar causing the axial motion of said bar to 
Swing said lever. 

4. In combination, a work support, a rotary 
Work-carrying spindle journaled on said support 
and movable axially relative thereto, a collar 
journaled on said spindle and axially fixed with 
relation thereto, a lever mounted for swinging 
motion in a plane parallel to the axis of said 
Spindle, a connection from said lever to said collar 
Whereby Swinging of said lever moves said spindle 
axially, a bar mounted for axial motion, a mem 
ber having threaded connection with said bar for 
axial adjustment of Said bar by rotation of said 
member, and a connection from Said lever to Said 
bar causing the axial motion of said bar to swing 
said lever, said connection having a releasable 
engagement with one of the parts connected 
thereby. 

5. In combination, a work support, a rotary 
WOrk-carrying spindle journaled on said Support 
and movable axially relative thereto, a collar 
journaled on said Spindle and axially fixed with 
relation thereto, a lever, a plurality of reeds full 
Cruming said lever on said support for motion in 
a plane Substantially parallel to the axis of said 
Spindle, a reed securing said lever to said collar 
Whereby SWinging of said lever moves said spindle 
axially, and means actuable to swing said lever. 

6. In combination, a Work support, a rotary 
Work-carrying Spindle journaled on said Sup 
port and movable axially relative thereto, a col 
lar journaled On Said spindle in pre-loaded thrust 
anti-friction bearings, a lever, a plurality in 
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reeds fulcruming said lever on said support for 
motion in a plane substantially parallel to the 
axis of said spindle, a reed securing Said lever 
to said collar whereby swinging of said lever 
moves said spindle axially, and means actuable 
to Swing Said lever. 

7. In combination, a wheel carriage, a grinding 
wheel on said carriage having a tapered face por 
tion, a work holder, means for moving said wheel 
carriage parallel to one side of said tapered face 
to produce grinding of a tapered portion of the 
Work on said Work holder by said tapered face, 
means for feeding the work holder axially of said 
wheel against said Wheel for the grinding of said 
tapered face, means supporting Said wheel car 
riage for adjustment axially of said wheel, and 
means for adjusting said wheel carrier axially 
relative to said axial feeding means to maintain 
said tapered face in predetermined relation to 
said axial feeding means regardless of wheel 
wear and truing 

8. In combination, a wheel carriage, a grinding 
wheel on said carriage having a cylindrical and 
a tapered grinding face, a work holder, means 
for moving said carriage and work holder rela 
tively parallel to the wheel axis to effect traverse 
between said cylindrical wheel face and a cylin 
drical face of Work on said Workholder, means for 
limiting such axial movement in one direction, 
means for relatively moving said carriage and 
work holder parallel to one side of said tapered 
face to grind a tapered face of the work, and 
means for adjusting said limit of said relative 
movement of said carriage and work holder 
parallel to said axis to compensate for shorten 
ing of said cylindrical wheel face by wear and 
truling of said tapered face. 

9. In combination, a work Support, a rotary 
Work carrying spindle journaled on Said Support 
and movable axially relative thereto, a collar 
journaled on said spindle and axially fixed with 
relation thereto, a bar mounted for axial move 
ment substantially parallel with Said Spindle, and 
a connection between said bar and collar causing 
the axial motion of said bar to move said spindle 
axially. 

10. In combination, a work Support, a rotary 
work carrying spindle journaled on said support 

5 

5 

20 

25 

30 

35 

40 

45 

14 
and movable axially relative thereto, a collar 
journaled on said spindle and axially fixed with 
relation thereto, a bar mounted for axial move 
ment Substantially parallel with said spindle, and 
a connection between said bar and collar causing 
the axial motion of said bar to move said Spindle 
axially, said connection being adjustable to 
thereby adjust the limits of axial motion of said 
spindle corresponding to a predetermined extent 
of axial motion of Said bar. 

11. In combination, a Work Support, a rotary 
work carrying spindle journaled on Said Support 
and movable axially relative thereto, a collar 
journaled on said Spindle and axially fixed with 
relation thereto, a lever mounted for SWinging 
motion in a plane parallel to said spindle and 
operatively connected to said collar, a bar 
mounted for axial movement Substantially paral 
lel with said spindle, a flexible rod carried by said 
bar and lying substantially parallel to said axis, 
and a clamp carried by said lever and adjustably 
fixed along said rod and causing the axial motion 
of Said bar to move said Spindle axially. 
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