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This invention is for improvements in or relat 
ing to the abrading or finishing of slots, keyWayS, 
Splines or the like in metal parts, and particularly 
slots or the like which are to be formed Within a 
bore. 
According to this invention, slots or the like in 

an unfinished State in the work, are subjected to 
a finishing operation which comprises the in 
Sertion of an abrading tool (e. g. an abrasive 
Stone) into the slot, effecting constant preSSure, 
preferably resilient pressure, of the tool against 
a, Side of the Slot and effecting by mechanical 
means relative reciprocatory movement between 
the work and said tool in a direction along the 
length of the slot. It will be appreciated that 
the above finishing operation is particularly Suit 
able to finishing slots which have been formed in 
full size in a steel Work-piece which is Subse 
quently Subjected to a hardening process. Hard 
ening processes usually distort the Work and a 
feature of the invention consistS in that the 
rechanical abrading operation is carried out on 
the hardened metal. 
A further feature of the invention consists in 

that one side of a slot is operated upon by the 
abrading tool during one stroke of the recipro 
catory movement, while the other side of the slot 
is operated upon during the return stroke of Said 
novement. 
A nachine for carrying out the process de 

scribed above comprises a Work-holder, a tool 
holder having neans for Securing thereto one or 
Inor'e abrading toois positioned so as to enter the 
slot or slots in the Work, and means for effecting 
relative reciprocatory movement between the 
tool-holder and the Work along the length of 
the slot. Freferably, the Work-holder is secred 
to a fixed part of the machine and the tool 
holder is reciprocated, but it will be appreciated 
that the reverse arrangement night also be en 
ployed. 
A further feature of the invention consists in 

that the abrading tool is resiliently mounted in 
the tool-holder SO as to be capable of movement, 
in a direction towards Or away fron the bottom 
of the slot which is to be machined. 
A still further feature of the invention con 

sists in that rineans are provided for effecting 
relative Oscillatory novement between the work 
holder and tool-holder about an axis parallel 
with the axis of reciprocation, the degree of 
movernet of Which oscillatory notion is such 
that the abrading tool is blought alternately into 
contact with the two sides of the slot in the work 
pleCe. 

(CI. 5-59) 

A still further feature of the invention consists 
in that One half of said oscillatory movement is 
arranged to take place towards one end of the 
reciprocatory movement, while the other half of 
the oscillatory movement is arranged to take 
place towards the end of the other stroke of the 
reciprocatory movement. 
A Still further feature of the invention consists 

in that means are provided for adjusting the ex 
tent of the oscillatory movement and/or the ex 
tent of the reciprocatory movement.. 
A still further feature of the invention consists 

in that the sides of the abrading tool which are 
arranged to engage the sides of the slot are so 
Shaped as to converge as they extend away from 
the tool holder in order that they may be disposed 
in the Same plane as the sides of the slot at the 
liaits of the oscillatory novement. 
The following is a description of one embodi 

ment of the invention as applied to a machine 
for finishing internal splines in a cylindrical bore 
of a Work piece-reference being made to the ac 
Companying drawings, in which 

Figure 1 is a perspective side elevation of the 
machine; 

Figure 2 is a perspective elevation of the oppo 
Site side of the machine to that of Figure 1; 

Figure 3 is a plan view of the work holder; 
Figure 4 is a detail view of the cam mechanism 

for operating the shafts which control the move 
ment of the work holder; 

Figure 5 is a part elevation and part section of 
the tool holder; and 

Figure 6 is a Section on the cranked line 6-6 
of Figure 5. 
AS Shown in Figures 1 and 2, the machine com 

prises an upright pillar 1 having upper, inter 
mediate and lower Overhanging arms 2, 3 and 4 
respectively, which carry bearings 5 for accom 
modating a vertical reciprocable shaft 6. The 
pillar is mounted on a base-plate 7 to which is 
also secured a work holder 8 immediately be. 
neath Said reciprocable shaft. Mounted upon the 
top of the pillar and upon the upper overhang 
ing arm is a bearing cradle 9 which carries a 
rotatable horizontal shaft 10. Secured to the 
Centre of the shaft is a driving pulley 11, while 
at One end of the shaft there is secured a disc 12 
and Ci'ank pin 53 (best Seen in Figure 2) and at 
the other end two cam plates 13, 14 (best seen in 
Figures 1 and 4). The aforesaid crank pin is ar 
ranged to engage a slot 15 in a lever arm 16 which 
is pivotally mounted at 17 to oscillate in a ver 
tical plane, One end of which lever arm is forked 
at 18 and is connected by a universal joint 19 to 
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2 
a part 20 of the aforesaid reciprocable shaft 
Which extends abov2 the upper overhanging arm. 

ihe two aforesaid can plates comprise seg 
mental discs including an angle slightly less than 
80, which segmental discs are spaced apart 
and are so disposed that their adjacent flat faces 
are nowhere opposite one another. The leading 
radial edge of each disc is bevelled at 21 for the 
purpose herseinafter described. Also carried on 
the upper overhangiing arm is a bearing 22 in 
which is rotatably incunted a vertical shaft 23 
Which extends downwardly to the Work-holder 
Where it is mounted in a second bearing 24. A 
crank arm 25 is fixed to the upper extremity of 
Said vertical Shaft aid extends to a location be 
tween the flat faces of said cam plates. A roller 
26 is mounted at the end of said arm. The planes 
of the Opposed faces of the cana plates are al 
'anged at a distance apart less than the diarineter 
of the rollier, so that when the roller is engaged 
by a bowel-leading edge of one plate it is noved 
toward the plane of the face of the other plate, 
whereby the roller is first noved into contact 
With Che flat fac3 and then into contact With the 
C. the flat face, whereby said vertical shaft is op 
sated. "I he lower end of the vertical shaft is 
'C vided With ancther crank-arn 27 which is 
ranged to engage the Work-holder in the nian 
: he'ei after set forth. The Work-holder coin 
rises a chuck 23 (sce Figul"33) which is mounted 

: Q as to be cagable of a limited rotational move 
: lent ailout a vertical axis. For this purpose, the 
chuck is provided. With 2, downwardly-extending 
; :ank which is moulted in a bealing in the work 
is older 8 and is also grgVided With a radially ex 
tending screw-threaded stud 29 which is engaged 
by an externally tapelred sleeve 30 naving an in 
ternally thraaded ore. The tapered sieeve is ar 
ranged to extend between two uprights 31 secured 
to a fixed part of the Wolk-holder. An adjusting 
screw 32 is arranged to extend through each 
upright towards said tapered sleeve. it will be 
seen with this arrangement that the oscillatory 
movement of the chuck may be adjusted to With 
in rough limits by Said adjusting Screws, and 
to within fine limits by rotating said taper3d 
sleeve So as to move different parts of the taper 
into the path of travel of the adjusting screWS. 
On the opposite side of the chuck to that of the 
tapeircd sleeve, there is mounted a forked men 

33 from the inside faces of each an of Which 
3nd; a Spring ouffer. The two spring buffers 

34 are arranged to grip the ends of the lever 

is 

the aforesaid vertical oscillatable shaft 23. 
chlick is arranged to g;ip the Work-piece 
h, for the pipose of illustration, nay corn 
2. part of a universal joint 50 (see Figures 

1 and 2) 13. Wing a Shank With internal Splines. 
The tool-holder (s3e Figures 5 and 6) con 

prises a shank 36, the upper end of which is pro 
vided with a key 37 and a recess 38 which are 
arranged to engage a keyway and a plug 39 re 
Spectively all'anged within a collar 40 secured 
to the end of the aforesaid reciprocable vertical 
Shaft. The other end of the tool-holder is form3d 
With a nuinber of longitudinal slots 41, and with 
circumfereinitial slots 42 one at each end of the 
Cngitudinal slotS. Three holes 43 are formed in 
the bottom wall of each longitudinal slot and 
the two olter holes are arranged to accommodate 
helical CCImpression Splings 44 while the cantre 
hole 45 in each slot is arranged to engage a 
Shank formed on a holder 46 for an abrading ele 
inent 49. The abrading element may comprise a 

1988,025 
Substance sold under the trade name of “India, 
oil stone'. The oil stone is cut into required 
lengths and of a width slightly less than the width 
between the splines which it is l'equired to finish. 
The hold31 coin prises a channel-sectioned Strip 
(best Seein in Figure 6) having a length about 
equal to the length of the longitudinal slot in the 
tool-holder, and having at each end lugs 47 
(best Saen in Figure 5) which are arranged to 
project into the circumferential slots in said tool 
holder. The pieces of oil stone ar3 secured in 
the channel-section by means of shellac. The 
hClder is a Snug fit in said longitudinal slot and 
is held in position by Spring lings 48 which en 
gage the aforesaid lugs, which Spring rings are 
accommodated in the circulnferential groove 42. 
The helical compression Springs are arranged to 
force the oil stone outwardly against the tension 
of the Spring rings. As intimated earlier in the 
Spacification, the side faces cf the pieces of oil 
SiOne ai'e SO shaped as to lie flat against the 
Sides of the Splines to be finished. The tool 
iodel inay be provided with the same number of 
pieces of oil Stone as there alre splines to be 
finished, or a Sub-nultiple thereof, in which case 
after one Set of Splines has been finished, the 
Work is rotated in the work-holder' until a new 
Set of Splines are positioned in the path of travel 
Of the Oil stories. 

It will be appreciated that Inany modifications 
12&y be made to details of the above construction 
Without departing from the Scope of the inven 
tion: for example, the combined reciprocatory 
in}Oveinent and oscillatory movement, may be 
given to the tool-holder only, or to the Wolk 
l2Clder Oniy. Also, instead of effecting an os 
ciliatory movement at the end of each reciprocat 
ilg Stroke, a number of reciprocatory strokes 
inight be effected before oscillation is effected. 

I claim:- 
1. An apparatus for Surface finishing the two 

£ide Walls of a slot coin prising a tool having an 
&brasive element adapted to fit into said slot, 
reans for effecting reciprocatory motion between 
$2id abrasive element and slot along the length 
of the slot, a resiliently yielding transmission 
in ember for effecting OScillatory movement be 
Ween the abrasiva element and the slot, so that 
o:e side of the slot is brought under l'esilient pres 
Sille into engage:heit With the abrasive element : 
daring a forward Stroke of the reciprocatory 
lovenient and the other side is brought under 

resilient pressure during the return Stroke and 
Yeans for adjusting the extent of movement of 
the transmission member whereby a required 
Width of finished slot is obtained. 

2. An apparatus for Surface finishing the two 
side walls of a slot forined in a cylindrical bore 
of a work piace Coirprising a Work holder, a tool 
having an abrasive element adapted to fit into 
Said slot, means for reciprocating said tool along 
the length of the slot, means for rotatably oscil 
lating said work holdel' about the axis of the 
cylindrical bore in the Work piece. So that one 
Wall of the Siot is ailaded on the outward Stroke 
and the other wall is abraded cn the return stroke, 
and m2ans for adjusting the extent of oscilla 
tory movement of the work holder whereby a re 
quired width of finished slot is obtained. 

3. An apparatus for surface finishing the two 
Side Walls of a slot formed in a cylindical bore 
of a Work piece comprising a work holder, a tool 
having an abrasive element adapted to fit into 
Said Slot, means for reciprocating said tool along 
the length of the slot, means for rotatably os 
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1,988,025 
cillating said work holder about the axis of the 
cylindrical bore in the workpiece so that one Wall 
of the slot is abraded on the outward Stroke and 
the other wall is abraded on the return stroke, 
a projection fixed to the work holder and extend 
ing away fron the axis of Said bore, tWC abut 
ments arranged on a fixed part of the apparatus 
one on either side of Said projection and adjust 
able in the direction of travel of Said projection 
whereby its extent of travel is adjusted and a re 
quired width of finished slot is obtained. 

4. An apparatuS for Surface finishing the two 
side Walls of a slot formed in a cylindrical bore 
of a work piece comprising a Work holder, a tool 
having an abrasive element adapted to fit into 
said slot, means for reciprocating Said tool along 
the length of the slot, means for rotatably oscil 
Jating said Work holder about the axis of the 
cylindrical bore in the work piece so that one 
Wall of the slot is abraded On the Outward Stroke 
and the other Wall is abraded on the return stroke, 
a projection fixed to the work holder and extend 
ing away from the axis of Said bore, a taper neigh 
ber mounted on Said projection and adjustable 
along the length thereof, two abutments arranged 
on a fixed part of the apparatus one on either 
side of said taper member and adjustable in the 
direction of travel of said projection. Where its ex 
tent of travel is adjusted and a required width 
of finished slot is obtained. 

5. An apparatus for surface finishing the two 
Side Walls of a slot formed in a cylindrical bore 
of a Workpiece, comprising a Work holder mount 
ed to rotate about the axis of Said bore, a tool 
having an abrasive element adapted to fit into 
Said slot, means for reciprocating Said tool along 
the axis of the bore, an OScillating transmission 
member, means for resiliently coupling said trans 
inission member to Said Work holder SO that One 
wall of Said slot is brought under resilient pres 
sure into engagenient with the abrasive element 
Gia the outward stroke of said tool aid the other 
Wali is brought under resilient pressure into en 
gagement with the abrasive element on the re 
turn stroke, and means for adjusting the extent 
of Oscillatory movement of the work holder where 
by a required width of finished slot is obtained. 

6. An apparatus for surface finishing the two 
side walls of a slot formed in a cylindrical bore 
of a Workpiece comprising a workholder mounted 
to rotate about the axis of said bore, a tool hav 
ing an abrasive element adapted to fit into said 
slot, means for reciprocating Said tool along the 
axis of the bore, an oscillating tranSIXission men 
ber, two spring buffers fixed on said tool holder 
one on either side of Said oscillating transmission 
Itember so that One wall of Said slot is brought 
under resilient pressure into engagement With 
the abrasive element on the OutWard Stroke of Said 
tool and the other Wall is brought under resilient 
pressure into engagement with the abrasive ele 
ment on the return stroke, and means for adjust 
ing the extent of OScillatory movement of the 
Work holder whereby a required width of finished 
slot is obtained. 

7. An apparatus for Surface finishing the two 
Side Walls of a slot forried in a cylindrical bore 
of a work piece, comprising a Work holder mount 
ed to rotate about an axis of Said bore, a tool 
holder having an abrasive element adapted to fit 
into said slot, means for reciprocating said tool 
along the axis of the bore, a rotatably mounted 
Shaft having two arms fixed thereto one of which 
is coupled to Said tool holder and a rotatable cam 
member arranged to engage said other can to 

3 
oscillate Said Shaft and work holder one con 
plete oscillation for each complete reciprocation 
of the tool holder so that one side of Said slot is 
airaded during one stroke of the tool and the 
other side during the return stroke of the tool. 

8. An apparatus for Surface finishing the two 
Side walls of a slot formed in a cylindrical bore 
of a work piece coginprising a work holder mount 
ed to rotate about, an axis of Said bore, a shaft 
mounted to reciprocate along said axis, a tool 
iholder mounted on said shaft and having an 
abrasive element adapted to fit Said slot, a ro 
tatably mounted shaft arranged parallel with said 
reciprocable shaft, two arms fixed to Said ro 
tatable Shaft one of which airns is coupled to the 
Work holder, a driving shaft having mounted 
therein an eccentric and can nechanism, which 
latter mechanism engages said second arm, link 
mechanism connecting said eccentric to the re 
Ciprocable shaft, which eccentric and cam mech 
anisii) are arranged. So that one side of said slot 
is abraded during the forward stroke of Said 
abrasive element and the other side of Said slot 
is abraded during the return Stroke. 

9. An apparatus for Surface finishing the Wals 
of a plurality of spines in a bore of a work piece, 
Colin prising a tool having for ined therein a plu 
rality of longitudinal Slots and circuinferential 
Siots at the ends of the longitudinal slots, a chan 

el Shaped cairtier in each longitudinai Slot which 
CarrierS ai'e forized at each end With a lug pro 
jecting into a circumferential slot, a piece of abra 
Sive material fixed in each carrier adapted to 
fit a channel between said Splines, Springs dis 
posed between the back of each carrier and the 
lottorn of the longitudinal slot and Spiring lings 
Within the circumferential slots eng aging said 
lugs, means for effecting relative reciprocating 
Inovement between the tool and the work and 
means for bringing first, one side of each spline 
into engagement with abrasive material and then 
the other side. 

10. An apparatus for Surface finishing the two 
Side Walls of a slot in a Work piece comprising 
a holder for Said work piece, a tool having at 
tached thereto a projecting block of abrasive ma 
terial of less width than said slot, means for 
Teciprocating Said eleinent in Said slot, means 
for So oscillating said work holder th9t one side 
of the slot is brought into engageinent under 
Substantially constant pressure with the abrasive 
block during a forward stroke thereof and the 
other side of the slot is brought into engagement 
under Substantially constant pressure with the 
abi'a,Sive block during the return stroke thereof. 

ill. An apparatus for Surface finishing the two 
Side Wallis of a slot in a Work piece comprising 
a holder for said work piece, a tool having Se 
Culled thereto a projecting block of abrasive ina. 
terial of leSS Width than said slot, means for 
recipirogating Said abrasive block in said slot, 
lineans for in parting OScillatory movement to said 
Work holder through a resiliently yielding trans 
mission member So that one side of the Siot is 
brought under constant resilient pressure into 
engagement with the abrasive block during a 
for Ward stroke thereof and the other side of the 
Slot is brought under constant resilient pressure 
into engagement with the abrasive block during 
the return stroke thereof. 

12. An apparatus for surface finishing the side 
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Walls of an internally multi-splined work piece, 
Comprising a Work holder, a tool having secured 
thereto a plurality of projecting blocks of abrasive 
material adapted to engage said splines, means 
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for effecting relative reciprocatory movement be- ment so that one side of each spline is abraded 
tween said abrasive blocks and Said splines in the during one stroke of said reciprocation and then 
direction of the length of the Splines, and means the other side of each Spline is abraded during 
for effecting relative CScillatory movement be- the return Stroke. 

5 tween the abrasive blocks and the work holder 
at the commencement of said reciprocatory move- FREDERCPK WILLIAM TRENDE.L. 


