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3,369,615 
IMPACT WRENCH 

George E. Maifey, Jr., Timonium, and William I). Abel], 
Manchester, Md., assignors to The Black and Decker 
Manufacturing Company, Towson, Md, a corporation 
of Maryland 

Filed May 27, 1966, Ser. No. 553,383 
8 Claims. (Cl. 173—93.6) 

The present invention relates to a portable power-driven 
tool, and more particularly, to a portable electric impact 
wrench having speed-reduction planetary gearing and a 
‘cooperating impact clutch mechanism both designed to 
achieve minimum axial length, thereby enhancing the 
overall compactness, ‘convenient usage, and portability 
of the tool. 

It is a speci?c object of the present invention to pro 
vide, for use in a tool of the character described, the com 
bination of a wall serving as a partition ‘between the motor 
housing and the clutch housing; a bearing means formed 
within the wall; a motor shaft journaled in the wall and 
extending into the clutch housing; a clutch spindle having 
an integrally-formed rearwardly-extending tubular portion 
supported within the bearing means in the wall, radially 
of the motor shaft; a pinion on the end of the motor shaft; 
a radially-enlarged ‘planet gear carrier mounted on the 
spindle; intermediately of its length, for conjoint rotation 
therewith; planet gears carried by the planet gear carrier, 
engaging the pinion; and an internal ring gear formed in 
tegrally with the partition wall and engaging the planet 
gears. 

It is ‘another speci?c object of the present invention 
to provide, for use in a tool of the character described, the 
combination of :a spindle rotatably supported within the 
clutch housing; a radially-enlarged planet gear carrier 
mounted on the spindle for conjoint rotation therewith; 
a hammer mounted‘ coaxially on the spindle forwardly 
of the planet gear carrier; an anvil having clutch teeth 
cooperating with teeth formed on the hammer; means for 
imparting axial and rotary movement to the hammer 
relative to the spindle; whereby the hammer has axially 
advanced and retracted positions and is adapted to deliver 
a series of rotary impacts to the anvil; and whereby in 
its retracted position, the hammer telescopes over the 
planet gear carrier on the spindle; a ?rst recessed annular 
groove formed in the hammer, accessible rearwardly of 
the hammer; a second recessed annular rgoove in the planet 
gear carrier, accessible forwardly of the spindle; and a 
coil spring disposed coaxially of the spindle and nested 
axially between the ?rst and second recessed annular 
grooves, respectively, whereby the overall mechanism 
has minimum :axial length for greater compactness. 

In a preferred embodiment, the coil spring is seated 
upon an annular row of 'balls disposed within the ?rst 
recessed annular groove formed in the hammer, thereby 
providing a convenient and economical thrust bearing 
means ‘for the impact clutch mechanism; the rearwardly 
extending tuibular portion of the spindle bears against a 
bearing retained within the partition wall, thereby taking 
up axial thrust loads in the rearward direction; the retain 
ing plate, moreover, is secured to the partition wall and 
draws the wall up tight against a ring seated in an annular 
groove rearwardly adjacent to a portion of the partition 
wall, with the retaining plate in turn being keyed to the 
motor housing to prevent rotation of the plate; and the 
partition wall portion comprises an axially-extending an 
nular ?anged portion Within which the internal ring gear 
(of the speed-reduction planetary gearing) is integrally 
formed. 

With this arrangement, the length of the coil spring 
(which is synonomous with the required spring force) 
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2 
becomes the limiting dimensions, and all of the other com 
ponents are designed around the spring length so as to 
obtain minimum axial length, hence maximum compact 
ness of the overall tool. 

These and other objects of the present invention will 
become apparent from a reading of the following speci? 
cation, taken in conjunction with the enclosed drawings, 
in which: 
FIGURE 1 is a side elevation of the improved impact 

wrench of the present invention, with parts broken away 
and sectioned to illustrate the improved construction; 
FIGURE 2 is a transverse section, taken along the lines 

2——2 of FIGURE 1, and showing the retaining plate for 
anchoring the partition wall between the motor housing 
and the clutch housing; 
FIGURE 3 is a transverse section, taken along the lines 

3—3 of FIGURE 1, and showing the pinion formed on 
the motor shaft for engaging the planet gears, and’ the 
planet gears in turn engaging an internal ring gear formed 
integrally within the partition wall; 
FIGURE 4 is a transverse section, taken along the lines 

4-4 of FIGURE 1, and showing the spindle, the hammer 
mass icoaxially mounted on the spindle, and the coil spring 
nested within a second recessed annular groove formed 
within the planet gear carrier, the planet gear carrier being 
formed integrally with the spindle for conjoint rotation; 
FIGURE 5 is a transverse section, taken along the lines 

5—5 of FIGURE 1, and showing the spindle, the hammer 
coaxirally ‘mounted on the spindle; and an annular row of 
balls within the ?rst recessed annular groove in the ham 
mer for seating one end of the coil spring; 
FIGURE 6 is a transverse section, taken along the lines 

6-6 of FIGURE 1, and showing the reduced forward 
end of the spindle being piloted within the anvil shank, 
and further showing the manner in which the cooperating 
clutch teeth on the hammer and anvil, respectively, en 
gage each other at the moment of impact; 
FIGURE 7 is ‘an exploded view of the individual ele 

ments of the improved mechanism of the present inven 
tion; and . 

FIGURE 8 is a section view, taken along the lines 8-8 
of FIGURE 2, and showing the manner in which the re 
tainng plate secures the partition wall ibetween the motor 
housing and the clutch housing, ‘and further showing the 
manner in which the retaining plate is keyed to the motor 
housing. 
With reference to FIGURE 1, an impact wrench 10 

is illustrated for convenience, and it will be appreciated 
that the wrench is indicative of a class of portable power 
operated tools within which the teachings of the present 
invention may be incorporated. With this in mind, the 
impact wrench 10 has a generally-cylindrical main hous 
ing 11 comprising a motor housing 12 formed integrally 
with a transmission or clutch housing 13 extending for 
wardly therefrom. A rear end cap 14 is secured rear 
wardly of the motor housing, and the end cap 14 has 
a pair of brush holders, one of which is shown as at 15. 
The motor housing has a depending portion 16 which 
cooperates with a rear cover 17 to form a pistol-grip 
handle for the tool. vThe handle has a switch actuated by 
means of a trigger 18; preferably, this trigger is adapted 
for “one hand” forward or reverse operation in a man 
ner disclosed and claimed in the copending Maffey, 11‘. 
application, Ser. No. 483,650, ?led Aug. 30, 1965, entitled 
Pivoted Trigger Means for Reversible Pistol-Grip Tool, 
and assigned to the assignee of the present invention. 
With reference again to FIGURE 1, and with further 

reference to FIGURES 2 and 8, a wall 19 serves as a 
partition between the motor housing 12 and the clutch 
housing 13. The wall 19 is provided with an axially 
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extending annular ?anged portion 1% seated on a ?rst 
annular ledge or shoulder 20 formed Within the clutch 
housing 13. A ring 21 is seated in an annular groove 22 
formed in the motor housing 12, rearwardly adjacent to 
the ?anged portion 19a of the partition wall 19. A re 
taining plate 23 is disposed rearwardly adjacent to the 
partition wall. The retaining plate 23 has integral tabs 
or protuberances 24 keyed within slots 25 formed Within 
the motor 12, thereby preventing the retaining plate 23 
from rotating. The retaining plate 23 rests upon a second 
annular ledge or shoulder 25a formed within the motor 
housing 12. The retaining plate 23 has a plurality of 
dimpled identations 23a which are received in a corre 
sponding plurality of pockets 19b formed in the partition 
wall 19, thereby keying the retaining plate 23 to the 
partition wall 19. The retaining plate 23 is secured to the 
partition wall 19 by means of a plurality of screws 26. 
In this manner, the partition wall 19 is drawn up tight 
against the ring 21, and to a certain extent, separates 
from the annular groove 20 in the clutch housing 13. 

With reference again to FIGURE 1, and with further 
reference to FIGURES 3 through 7, the motor housing 
12 is provided with a suitable electric motor (not shown) 
which has a shaft 27. The shaft 27 has a sleeve 28 pressed 
thereon to cover the pinion cutter runout 27a. The sleeve 
28 also provides the hub portion of an integrally-molded 
plastic fan 29. A hollow-cylindrical bearing, preferably 
comprising a sleeve 30, is pressed within a bore 31 within 
the partition wall 19. A second hollow-cylindrical bear 
ing, preferably comprising a sleeve 32, has a running 
?t over the sleeve 28 on the armature shaft 27. A spindle 
33 is mounted within the clutch housing 13 in substantial 
coaxial alinement with the motor shaft 27. The spindle 
33 has a radially-enlarged portion 34 serving as a planet ‘ 
gear carrier. This planet gear carrier 34 is disposed inter 
mediately the length of the spindle and is mounted thereon 
for conjoint rotation. Preferably, the spindle 33 and the 
plant gear carrier 34 are formedas individual pieces, and 
then are pressed together to form a single member, as 
shown in FIGURE 1. 
The planet gear carrier 34 has an integrally-formed 

rearwardly-extending tubular portion 35 which is received 
with a running ?t between the bearing sleeves 30 and 32. 
To this extent, the bearing sleeves 30 and 32 are co 
axially nested and are disposed radially of one another, 
one between the partition‘wall 19 and the rearwardly 
extending tubular portion 35 of the spindle 33, and the 1 
other between the tubular portion 35 and the motor shaft 
27. This radial “stacking” of the bearing sleeves 30 and 
32 distinguishes from the prior art usage of axially-spaced 
bearings, hence reduces the axial length of the tool and 
enhances its overall compactness. Moreover, the bearing 
sleeve 30 abuts against the retaining plate 23, so that the ‘ 
retaining plate 23 takes the rearward axial end thrust 
of the spindle 33. 

Pins>36 are secured within the planet gear carrier 34, 
and planet gears 37 are mounted with a running ?t upon 
the pins 36. These planet gears 37 engage, ?rst, a pinion 
38 formed on the forward end of the motor shaft 27, 
and secondly, an internal ring gear 39. This internal ring 
gear 39 is formed integrally with the axially-extending 
annular ?anged portion 19a of the partition wall 19. 
The forward end of the spindle 33 is reduced as at 40 

and is piloted within a blind axial bore 41 formed in the 
shank portion 42 of an anvil 43. This anvil 43 is journa‘led 
Within a bearing sleeve 44 retained within the front end 
of the clutch housing 13, and a suitable seal 45 is pro 
vided between the bearing sleeve 44 and the anvil shank 
42. The anvil shank 42 has a suitable non-circular por 
tion, as at 46, for cooperating with a usual driving socket, 
the latter being omitted. Preferably, a nose piece 47 is ‘ 
mounted over the end of the clutch housing 13, radially 
of the anvil shank 42. The bearing sleeve 44, as well as 
the bearing sleeves 30 and 32 in the partition wall 19, 
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4 
may com-prise hollow-cylindrical roller (or needle) bear 
ings, if desired. . 
With reference again to FIGURES 1 and 4 through 

7, a hammer 48 is coaxially, mounted upon the spindle 
33. The spindle 33 has a pair of cam grooves 49, each of 
which receives a steel ball 50, and the balls 50 are re~ 
ceived within ball raceways 51 formed internally of the 
hammer 48. The respective combinations (of the steel ball 
50 and the cam groove 49) provide a well-known cam 
means formed between the hammer 48 and the spindle 
33 for imparting axial and rotary movement to the ham 
mer relative to the spindle. In this manner, the hammer 
43 has axially advanced and theretracted positions. The 
advanced position of the hammer 48 is illustrated by the 
full section lines in FIGURE 1, while its axially-retracted 
position is illustrated by the broken lines. Accordingly, 
the hammer 48 is adapted to deliver a series of rotary 
impacts to the anvil 43 in a manner well known in the 
art. To this end, the hammer 48 has clutch teeth 52a 
cooperating with clutch teeth 52b formed on the anvil 
43. The clutch teeth 52b on the anvil 43 are in the nature . 
of radially-extending integrally-formed lugs which are > 
supported upon an axial thrust washer 53. The hammer 
48, in its rearWardly-retracted position, telescopes over 
the planet gear carrier 34 on the spindle 33, thereby 
achieving a degree of compactness heretofore not avail 
able in the art. 
The hammer 48 has‘ a first recessed annular groove 54 

formed therein. This groove 54 is accessible rearwardly 
of the hammer. A second recessed annular groove 55 is 
formed within the planet gear carrier 34 of the spindle. 
This second groove 55 is accessible forwardly of the 
spindle. An annular row of balls 56 is received Within 
the bottom of the ?rst recessedannular groove 54 in 
the hammer 48; vA coil spring 57 is disposed coaxially of 
the spindle 33 and is nested axially between the ?rst and. 
second recessed annular grooves 54 and 55,: respectively. 
This coil spring 57 constantly urges the cooperating clutch 
teeth 52a and 52b into engagement With one another, 
with disengagement being provided by the cam means 
comprising grooves 49 and balls 50. 
The following special. features of the improved con 

struction, in combination with one another, achieve the 
objectives of minimum axial ‘length: (1) The coil spring 
57 is nested within the recessed annular grooves 54, 55v 
formed within the hammer 48 and planet gear carrier 34, 
respectively; (2) the annular row of balls 56 seats one 
end of the spring 57 and provides a convenient thrust‘ 
bearing means; (3) the hammer 48 telescopes over the 
planet, gear carrier 34 in the retracted position of the 
hammer; (4) the internal, ring gear 39 is formed inte 
grally with the partitionswall 19;‘ and (5) the bearing 
sleeves 30 and 32 are stacked, radially, within the par 
tition wall. All of these features contribute to the min 
imized axial length of the driving mechanism, hence 
achieve the desired objectives of tool compactness, han 
dling ease, and convenience-consonant with tool per 
formance and reliability at reduced manufacturing cost. 

Obviously, many modi?cations may be made without 
departing from the basic spirit of the present invention; 
and accordingly, within the scope of the appended claims, 
the invention may be practiced other than hasbeen spe—. 
ci?cally described herein. 
We claim: 
1. In an impact wrench mechanism, the combination of: 
(A) a spindle having a radially-enlarged rearward por 

tion; 
(B) a hammer coaxially mounted on the spindle for 
wardly of its rearward portion; 

(C) an anvil forwardly of the hammer; 
(D) cooperating clutch teeth formed on the anvil and 
hammer, respectively; 

(E) means for imparting axial and rotarymovement to 
the hammer relative to the spindle, whereby the 
hammer has axially advanced and retracted positions 
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and is adapted to deliver a series of rotary impacts to 
the anvil; 

(F) a ?rst recessed annular groove formed in the ham 
mer, accessible rearwardly of the hammer; 

(G) an annular row of balls within the bottom of the 
?rst recessed annular groove; 

(H) a second recessed annular groove formed in the 
radially-enlarged rearward portion of the spindle, 
accessible forwardly of the spindle; and , 

(I) a coiled spring disposed coaxially of the spindle, 
seated upon the annular row" of ‘balls, and nested 
axially between the ?rst and second recessed annu 
lar grooves formed on the hammer and the spindle, 
respectively, whereby the mechanism has minimum 
axial length for greater compactness. 

2. In an impact wrench, the combination of: 
(A) a motor having a shaft; 
(B) a spindle coaxially aligned with the motor shaft 
and having a radially-enlarged rearward portion serv 
ing as a planet gear carrier; 

(C) speed-reduction planetary gearing, interconnecting 
the motor shaft and spindle, and including a plu 
rality of planet gears mounted on the carrier; 

(D) a hammer coaxially mounted on the spindle for 
wardly of its planet gear carrier; . 

(E) an anvil forwardly of the hammer; 
(F) cooperating clutch teeth formed on the anvil ‘and 
hammer, respectively; 

(G) cam means between the hammer and the spindle 
for imparting axial and rotary movement to the 
hammer relative to the spindle; whereby the hammer 
has axially advanced and retracted positions and is 
adapted to deliver a series of rotary impacts to the 
anvil; and ‘whereby in its retracted position, the ham 
mer telescopes over the planet gear carrier on the 
spindle; ' 

(H) ‘a ?rst recessed annular groove formed in the ham 
mer, accessible rearwardly of the hammer; 

(I) a second recessed annular groove formed in the 
planet gear carrier, accessible forwardly of the spin 
dle; and 

(J) a coiled spring disposed lcoaxially of the spindle 
and nested axially between the ?rst and second re 
cessed annular grooves, respectively, whereby the 
mechanism has minimum axial length for greater 
compactness. 

3. In a portable power-operated tool having a motor 
housing and a transmission housing extending forwardly 
therefrom, the combination of: 

(A) a wall forming a partition between the motor 
housing and the transmission housing; 

(B) bearing means within the wall; 
(C) a motor in the motor housing, the motor having a 

shaft journaled in the bearing means and extending 
beyond the partition wall into the transmission 
housing; 

(D) a pinion on the motor shaft; 
(E) a spindle in the transmission housing, coaxially 

aligned with the motor shaft; 
(F) said spindle having a rearwardly-extending tubular 
portion supported within the bearing means in the 
partition wall, radially of the motor shaft; 

(G) a planet gear carrier mounted on the spindle, in 
termediately its length, for conjoint rotation there 
with; 

(H) pins mounted on the planet gear carrier; 
(I) planet gears carried by the respective pins, engaging 

the pinion; and 
(J) an internal ring gear on the partition wall, engag 

ing the planet gears. 
4. The combination of claim 3, wherein: 
(A) said bearing means comprises a pair of coaxially~ 

nested hollow-cylindrical bearings disposed radially 
of one another, one between the partition wall and 
the rearwardly-extending tubular portion of the spin 

6 
tile, and the other between the ‘tubular portion of 
the spindle and the pinion on the motor shaft. 

5. In a portable power-operated tool having a general 
ly-cylindrical main housing comprising a motor housing 

5 and an integrally-formed transmission housing extending 
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forwardly therefrom, the combination of: 
(A) a wall having an axially-extending annular ?anged 

portion seated on a ?rst annular ledge formed in 
the transmission housing forwardly of'the wall, the 
wall thereby serving as a partition between the trans 
mission housing and the motor housing; ' 

(B) a ring seated in an annular groove formed in the 
motor housing, rearwardly adjacent to the axially 
extending annular ?anged portion of the partition 
wall; 

(C) a retaining plate seated on a second annular ledge 
formed in the motor housing rearwardly of the parti 
tion wall; 

(D) means securing the retaining plate to the wall, 
thereby drawing the wall up tight against the ring; 
and 

(E) means preventing rotation of the retaining plate 
relative to the motor housing. 

6. The combination of claim 5, wherein: 
(A)' an internal ring gear is formed integrally within 

the axially-extending annular ?anged portion of the 
partition wall. 

7. The combination of claim 5, wherein: 
(A) the partition wall has at least one bearing sleeve 
mounted therein; and wherein: 

(B) a spindle is mounted in the transmission housing, 
the spindle having a rearwardlyextending portion 
journaled within the bearing sleeve in the partition 
wall; 

(C) whereby the bearing sleeve abuts against the re 
taining plate, and whereby the retaining plate takes 
the rearward axial end thrust of the spindle. 

8. An impact wrench, comprising: _ _ 
(A) a generally-cylindrical main housing comprising 

a motor housing and a clutch housing integrally 
formed with the motor housing and extending for 
wardly therefrom; 

(B) a wall serving as a partition between the motor 
housing and the clutch housing; 

(C) bearing means in the partition wall; 
(D) a motor in the motor housing, the motor having 

a shaft journaled in said bearing means and extend 
ing beyond the partition wall into the clutch housing; 

(E) an anvil having a shank portion journaled in the 
forward end of the‘ clutch housing; 

(F) a spindle having a forward end piloted within the 
anvil shank and further having a rearwardly-ex 
tending tubular portion supported within the hear 
ing means in the partition wall, radially of the motor 
shaft; 

(G) a radially-enlarged planet gear carrier mounted 
on the spindle, intermediately its length, for conjoint 
rotation therewith; 

(H) planet gears rotatably carried by the planet gear 
carrier and engaging the pinion on the motor shaft; 

(I) an internal ring gear formed on the partition wall, 
engaging the planet gears; 

(I) a hammer coaxially mounted on the spindle; 
(K) cooperating clutch teeth formed on the hammer 
and anvil, respectively; 

(L) cam means between the hammer and the spindle 
for imparting axial and rotary movement to the 
hammer relative to the spindle; whereby the hammer 
has axially advanced and retracted positions and is 
adapted to deliver a series of rotary impacts to the 
anvil, and whereby in its retracted position, the ham 
mer telescopes over the planet gear carrier on the 
spindle; 

(M) a first recessed annular groove formed on the 
hammer, accessible rearwardly of the hammer; 
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(N) a second recessed annular groove formed on the 
planet gear carrier, accessible forwardly 'of the car 
rier; and 

(O) a coiled spring disposed coaxially of the spindle 
and nested axially between the ?rst and second re 
cessed annular grooves in the hammer and planet 
gear carrier, respectively, thereby constantly urging 
the clutch teeth into engagement ‘with‘each other 
in opposition to the cam means; 

(P) whereby the overall axial length of the impact 
wrench is minimized. 
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