
United States Patent 1191 

111111 llllllll Ill 1111 11111111} 
[11} E 

Ill 111 "Ill 111111111 11111 1111 Ill 1111 llll 
SO0RE35258 

Patent Number: Re. 35,258 
Palm [45} Reissued Date of Patent: Jun. 4, 1996 

[54} COUNTERBALANCED RECIPROCATING 397L132 7/1976 Grif?es el al. .......................... .. 30/393 
MECHANISM 4,699,036 10/1987 Hennc 30/392 

4,976.164 12/1990 Lentino .... .. 30/393 

[75] Inventor; Bernhard Palm’ Brook??ld‘ Wis. 5,099,705 3/1992 Dravnieks 30/392 

F R N A [73] Assignee: Milwaukee Electric Tool Corporation, 0 E16 P TENT DOCUMENTS 
Brook?cld, W15. 1014826 8/1977 Canada. 

7736848 7/1978 France . 

_ 8808036 6/1988 Germany . 
1211 Appl' No" 174’047 635227 4/1950 United Kingdom . 

[22] Filed; Dec. 28, 1993 1312025 4/1973 United Kingdom . 
2042973 10/1930 United Kingdom. 
1596408 8/1981 United Kingdom , 

Rcissu? of Related U'S' patemm'cumems 2181693 4/1937 United Kingdom. 

64 P ' N _ 5079 44 2180791 4/1937 United Kingdom‘ 
1 1 mm °-- 1 3 2234034 1/1991 United Kingdom‘ 

Issued: Jan. 14, 1992 
Appl, No; 612,525 Primary Examiner—l(enncth E. Peterson 
Filed; Nov. 13, 1990 Attorney, Agent, or Firm~Michac1, Best & Friedrich 

{51} Int. Cl.6 ................................................... .. B231) 49/16 1571 ABSTRACT 

Cl. ...................... .. The motor drives the crown gear has an [58] Field of Search ............................ .. 30/392, 393, 394, projecting eccentric drive pin which drivingly engages the 

30/20’ 277-4; 74/50 channel ?xed on the spindle which reciprocates in the fixed 
_ tube and supports a saw blade‘ The induced vibration is 

{56] References Cited counterbalanced by the reciprocating counterbalance which 
US PATENT DOCUMENTS slides on the outside of the tube‘ The crown gear has a 

_ cylindrical drive member which engages the cylindrical hole 
2,639,737 5/1953 Forsbcrg ................................. .. 143/68 in the "ansfm- block. The transfer block is moved in an 

g; 0'21"‘ l 30 392 orbital path and the opposed parallel sides engage and 
3347326 12/1970 Sade‘: at a‘ """""""""""""" " 302,92 reciprocate the counterweight. The crown gear and cylin 
3I729Is22 5/1973 Batson ‘21.31": 1:: 30/394 drical drive meinbcr have material removed 1° coumcrbal' 
3,863,342 2/1975 Grit?es et al. ..... .. 30/393 ance 1116 “"0 ‘inves 

3,897_630 8/1975 Glover et a1. ........................... .. 30/220 

3,945,120 3/1976 Ritz . 18 Claims, 2 Drawing Sheets 



US. Patent Jun. 4, 1996 Sheet 1 of 2 Re. 35,258 

/ 



US. Patent Jun. 4, 1996 Sheet 2 0f 2 Re. 35,258 



Re. 35,258 
1 

COUNTERBALANCED RECIPROCATING 
MECHANISM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to reciprocating saws of the type 
using an eccentric drive. Saws of this type develop consid 
erable vibration. This invention is directed to reducing such 
vibration. 

CROSS REFERENCE TO COPENDING 
APPLICATION 

My application Ser. No. 541,093 ?led Jun. 20, 1990, now 
U.S. Pat. No. 5, 025,562, as a continuation-in-part of Ser. No. 
487,2l9 ?led Mar. l, 1990, now abandoned, shows an 
in-line saw using a counterbalanced wobble plate drive. 

SUMMARY OF THE INVENTION 

This invention provides a pinion gear driving a crown 
gear which has an eccentric drive to the shaft on which a saw 
blade is mounted. The crown gear also has an eccentric drive 
to a counterbalance, the saw blade and the counterbalance 
reciprocate l80 degrees out of phase, thus essentially elimi 
nating all vibration. 
More speci?cally, this invention provides an eccentric 

drive to a saw blade to reciprocate the saw blade while at the 
same time reciprocating a counterbalance. The eccentric 
drive of the saw blade is somewhat conventional. The 
spindle which supports the saw blade rcciprocates inside a 
tube ?xed in the housing. A counterbalance mass recipro 
cates on the tube and is prevented from rotating about the 
tube. The crown gear is provided with a cylindrical drive 
which is eccentric to the center of the crown gear. This 
cylindrical circular drive engages the counterbalance which, 
as noted, is constrained to reciprocating motion. The 
momentum of the counterbalance and the combined momen 
tum of the spindle and a typical saw blade are essentially 
equal 50 the vibration is cancelled. Material is removed from 
the crown gear and cylindrical drive member to ensure that 
the crown gear, the eccentric drive and the cylindrical drive 
are balanced and do not set up lateral vibration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation view of a reciprocating saw 
provided with this invention. 

FIG. 2 is a vertical section through a portion of the saw 
shown in FIG. 1. 

FIG. 3 is a horizontal view taken on line 3—3 in FIG. 2. 

FIG. 4 is an exploded perspective view of the main parts 
of the drive for the spindle and the counterbalance. 

DETAILED DESCRIPTION OF THE DRAWING 

The reciprocating saw shown in the drawings has a gear 
case 10 on the front of handle portion 12. Drive motor 14 has 
a drive shaft 16 with gear 18 driving crown gear 20 which 
is ?xed on shaft 22 by key 24. Shaft 22 is rotatably mounted 
in bearings 26, 28 ?xed in the gear case 10. Bearing 26 is 
retained in the case by annular plate 30 held in place by 
screws 32. 
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2 
Spindle 34 on which saw blade 36 is mounted in the usual 

manner rcciprocatcs in tube 38 which has its ends ?xed in 
the gear case. The bottom portion of the tube is cut away as 
indicated by the dashed line 40 in FIG. 2 to allow the 
inverted channel 42, which is connected to the spindle 34 by 
fastener 44, to move between the ends of the cutout. A ?rst 
or primary eccentric drive means, rcciprocates the spindle. 
This drive means includes eccentric drive pin 46 which 
projects upwardly from the top of the crown gear and has a 
square drive block 48 mounted thereon on roller bearings 50. 
The opposed sides of the block slideably ?t inside the 
depending legs of the inverted channel. The ?at sides of the 
block minimize the loading between the drive pin and the 
channel to thereby reduce wear. As the crown gear rotates, 
the eccentric drive pin and block force the channel and 
spindle to reciprocate in the tube 38. 
A secondary or second drive means reciprocates the 

counterweight and includes a cylindrical drive member 52 
which projects upwardly from the top of the crown gear and 
is eccentric to the center of the crown gear in the direction 
opposite the eccentricity of the pin. This cylindrical member 
engages cylindrical hole 54 in the generally square transfer 
block 56. Block 56 engages the depending legs 58, 58 of 
counterweight 60 which slides on the outside of tube 38. 
Since there is a substantial surface contact between the block 
and the legs of the counterweight wear is minimized. If 
desired, a ring bearing can be provided between the circular 
drive member and hole 54 in the block. 

It will be noted that the crown gear and cylindrical drive 
member have a crescent shaped cutout 62 to reduce material 
and counterbalance both the block 56 and the cylindrical 
eccentric drive member/gear about the gear axis. It is well to 
keep in mind that the crown gear and the associated eccen‘ 
tric drives (pin 46 and cylindrical member 52) and the 
transfer block 48 are effectively a unitary rotating mass and 
the removal of the material in the cutout can balance the 
mass. Thus, the counterbalance 60 counterbalances the 
spindle and saw blade while the eccentric drives for both the 
spindle and the counterbalance are counterbalanced to avoid 
inducing vibration either parallel to or transverse to the 
spindle motion. 

I claim: 
1. A reciprocating drive mechanism comprising, 
a housing, 

a spindle mounted in said housing for reciprocating 
motion, 

a counterweight mounted in said housing coaxial with 
said spindle and moveable relative to said spindle, 

Eccentric} drive means for reciprocating said spindlc[, 
eccentric drive means] and for reciprocating said coun 
terweight in the direction opposite the direction of said 
spindle so the axial forces induced by reciprocation of 
the spindle are substantially cancelled, {with by means 
counter-balancing said drive means] said drive means 
including a transfer block reciprocating one of said 
spindle and said counterweight and having there 
through a hole, said hole having a central longitudinal 
axis transverse to the direction of reciprocation of said 
spindle, and said drive means further including a 
cylindrical member housed in said hole for rotation 
relative to said transfer block, said cylindrical member 
reciprocating the other of said spindle and said court» 
terweight. 

2. A reciprocating drive mechanism according to claim 1 
in which the spindle supports a tool and the axial forces 
induced by the stroke and mass of said counterweight 
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approximate the axial forces induced by the stroke and 
combined mass of said spindle and said tool. 

[3. A reciprocating drive mechanism comprising, 
a housing, 
a spindle mounted in said housing for reciprocating 

motion, 
a counterweight mounted in said housing for reciprocat 

ing motion relative to said spindle, 
said spindle and said counterweight being concentric, and 
?rst eccentric drive means for reciprocating said spindle 

and second eccentric drive means for reciprocating said 
counterweight in opposite directions so the axial forces 
induced by reciprocation are substantially cancelled] 

4. A reciprocating drive mechanism comprising, 
a housing, 
a drive motor in said housing, 

a spindle mounted in said housing for reciprocating 
motion, 

a counterweight mounted in said housing coaxial with 
said spindle for reciprocating motion [parallel] relative 
to [and concentric with] said spindle, 

?rst and second eccentric drive means driven by said 
motor and connected to said spindle and said counter' 
weight respectively, 

said ?rst and second drive means being operative to 
reciprocate said spindle and said counterweight in 
opposite directions, said second drive means including 
an eccentric cylindrical drive member and a transfer 
block having a hole engaged by said cylindrical drive 
member to be driven by said cylindrical drive member 
in an orbital path, said transfer block slideably engag 
ing said counterweight to cause said counterweight to 
reciprocate. 

5. Adrive mechanism in accordance with claim 4 in which 
the mass and stroke of said ?rst drive means and said spindle 
are proportioned relative to the mass and stroke of said 
secondary drive means and said counterweight so the axial 
forces induced by reciprocation are substantially cancelled. 

6. A drive mechanism in accordance with claim 5 in which 
said ?rst and second eccentric drive means are counterbal 
anced. 

7. A drive mechanism in accordance with claim 6 includ 
ing a guide sleeve mounted in said housing, 

an axial slot in said sleeve, 

said spindle being slideably mounted in said sleeve, 
said ?rst drive means projecting through said slot in said 

sleeve to drivingly engage said spindle. 
8. Adrive mechanism in accordance with claim 7 in which 

said counterweight is mounted on said sleeve for recipro 
cating motion. 

9. A drive mechanism in accordance with claim [8] 4 in 
which said [second drive means includes an eccentric cylin 
drical drive member, a] counterweight includes a pair of legs 
de?ning parallel surfaces spaced apart in the direction of 
reciprocation of said counterweight and respectively extend 
ing perpendicularly to the direction of reciprocation of said 
counterweight, in which said transfer block [having a hole 
engaged by said cylindrical drive member to be driven by 
said cylindrical drive member in an orbital path, said block 
having opposed parallel sides slideably engaging said coun 
terweight to cause the counterweight to reciprocate on said 
sleeve] is housed between said surfaces, and in which said 
legs restrain said transfer block against movement relative 
to said counterweight other than in the direction perpen 
dicular to the direction of reciprocation of said counter~ 
weight. 
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[10. A reciprocating saw in accordance with claim 9 in 

which the mass and stroke of said primary drive means and 
said spindle are proportioned relative to the mass and stroke 
of said secondary drive means and said counterweight so the 
axial forces induced by reciprocation are substantially can 

celled] 
[11. A reciprocating saw in accordance with claim 10 

including means for counterbalancing said primary and 
secondary eccentric drive means] 

[12. A reciprocating saw in accordance with claim 11 
including a guide sleeve mounted in said housing. 

an axial slot in said sleeve, 

said spindle being slideably mounted in said sleeve, 
said primary drive means projecting through said slot in 

said sleeve to drivingly engage said spindle] 
[13. A reciprocating saw in accordance with claim 12 in 

which said counterweight is mounted on said sleeve for 
reciprocating motion, said counterweight including a recess 
receiving said secondary drive means] 

[14. A reciprocating saw in accordance with claim 13 in 
which said second drive means engages said counterweight] 

15. A reciprocating saw comprising, 
a housing [including a gear case], 
[a motor in said housing and having a motor shaft, 
a pinion gear on said shaft, 
a crown gear mounted in said housing and driven by said 

pinion gear,] 
a spindle mounted in said [gear case] housing for recip 

rocating motion along a ?rst axis. 
a counterweight mounted in said [case] housing for recipe 

rocating motion [parallel to and concentric] coaxial 
with said spindle, 

[primary and secondary eccentric] first drive means 
[mounted on said crown gear and connected to said 
spindle and said counterweight respectively,] for recip 
rocating said spindle, 

[said primary and secondary] second drive means [oper 
ating to reciprocate said spindle and] for reciprocating 
said counterweight in [opposite directions] the direc 
tion opposite the direction of said spindle, said ?rst and 
second drive means including a gear mounted in said 
housing for rotation about a second axis, 

a cylindrical member eccentrically mounted on said gear, 
a drive block on said cylindrical member rotatable 
about a third axis parallel to and spaced from said 
second axis, the third axis rotating about the second 
axis, 

an inverted channel having a slot extending perpendicw 
larly to said ?rst axis, said slot being engaged by said 
drive block, and a transfer block having a hole housing 
said cylindrical drive member; said cylindrical drive 
member driving said transfer block in an orbital path, 
said transfer block having a side slideably engaging 
and reciprocally moving one of said counterweight and 
said spindle along the ?rst axis, such that said side 
remains perpendicular to the ?rst axis while said gear 
rotates, said inverted channel engaging and recipro 
cally moving the other of said counterweight and said 
spindle along the ?rst axis. 

16. A reciprocating saw comprising, 
a housing [including a gear case], 
a motor in said housing [and having a motor shaft, 
a crown gear rotatably mounted in said housing and 

driven by said motor shaft], 



Re. 35,258 
5 

a spindle mounted in said [gear case] housing for recip» 
rocating motion, 

[?rst eccentric drive means connecting said crown gear to 
said spindle to reciprocate said spindle as said crown 
gear is rotated,] 

a counterweight mounted in said [gear case] housing 
coaxial with said spindle for reciprocating motion 
[parallel] relative to [and concentric with] said spindie 
[axis], 

[a second eccentric] drive means [connecting said crown 
gear to] driven by said motor and respectively con 
nected to said spindle and said counterweight, 

said [?rst and second eccentric] drive means [being otTset 
with respect to each other so the forces induced by 
reciprocation of the spindle is counterbalanced by the 
counterweight] including a transfer block reciprocat 
ing one of said spindle and said counterweight and 
having therethrough a hole, a cylindrical member hav 
ing a cylinder axis, and means for eccentrically driving 
said cylindrical member about an axis parallel to and 
spaced from said cylinder axis, said cylindrical mem 
ber being housed in said hole to drive said transfer 
block in an orbital path, said cylindrical member 
reciprocating the other of said spindle and said coun 
terweight. 

17. A reciprocating drive mechanism according to claim 
I and further comprising a motor in said housing gear 
mounted in said housing for rotation about an axis and 
drivingly engaged by said motor; and wherein said cylin 
drical member is eccentrically mounted on said gear with its 
cylinder axis parallel to and spaced from the axis of rotation 
of said gear: 

18. A reciprocating saw in accordance with claim 15 
wherein said transfer block engages said counterweight and 
wherein said inverted channel engages said spindle. 

19. A reciprocating saw in accordance with claim 18 in 
which the mass and stroke of said first drive means and said 
spindle are proportioned relative to the mass and stroke of 
said second drive means and said counterweight so the axial 
forces induced by reciprocation are substantially cancelled. 
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20. A reciprocating saw in accordance with claim 19 and 

further including means for counter-balancing said ?rst and 
second drive means. 

21. A reciprocating saw in accordance with claim 20 
wherein said means for counterbalancing said ?rst and 
second drive means comprises said cylindrical member 
having therein a cutout. 

22. A reciprocating saw in accordance with claim 2] and 
further including a guide sleeve mounted in said housing, 
wherein said sleeve includes an axial slot, wherein said 
spindle is slideably mounted in said sleeve, and wherein said 
?rst drive means protects through said slot in said sleeve to 
drivingly engage said spindle. 

23. A reciprocating saw in accordance with claim 22 in 
which said counterweight is mounted on said sleeve for 
reciprocating motion, said counterweight including a recess 
receiving said second drive means. 

24. A reciprocating drive mechanism comprising, 
a housing, 

a drive motor in said housing, 

a spindle mounted in said housing for reciprocating 
motion along a ?rst axis, 

a counterweight mounted in said housing for reciprocat 
ing motion relative to said spindle along an axis 
parallel to said ?rst axis, 

?rst and second eccentric drive means driven by said 
motor and connected to said spindle and said counter 
weight respectively, 

said ?rst and second drive means being operative to 
recipmcate said spindle and said counterweight in 
opposite directions, said second drive means including 
an eccentric cylindrical drive member and a transfer 
block having a hole engaged by said cylindrical drive 
member to be driven by said cylindrical drive member 
in an orbital path, said transfer block slideably engag 
ing said counterweight to cause said counterweight to 
reciprocate. 


