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United States Patent 
1 

2,978,791 
ASSEMBLING AND FINISHING METHOD AND 

APPARATUS 
Milton Clar, Washington, D.C., assignor to ACE’ Indus 

tries, Incorporated, New York, N.Y., a corporation of 
New Jersey 

Filed Feb. 27, ‘1958, Ser. No. 717,934 

'3 Claims. (Cl. 29-34) 

This invention relates to methods and apparatus for 
assembling and ?nishing structures and is more particu 
larly concerned with structures wherein the several parts 
thereof are secured together by means of rivets. 

In the fabrication of structures such as, for example, 
an airplane wing, the several parts thereof have hereto 
fore been secured together by means of rivet slugs or 
countersunk head rivets having their heads engaged in 
dimples or countersunk openings formed in the sheet 
metal plates to provide a substantially smooth outer wing 
surface. As the dimples or countersunk openings are 
often not of uniform size and do not always correspond 
in size and shape to the heads on the slugs or rivets, the 
outer surface of the wing does not have the desired 
smoothness to provide minimum air friction. 

It is, therefore, an object of the present invention to 
provide a method and apparatus for assembling and ?n 
ishing structures, such as airplane wings, to provide such 
structures with a smooth outer surface to reduce air 
friction to a minimum. 

Another object of the invention resides in the provision 
of a method and apparatus adapted to reduce the cost 
of fabrication of riveted structures, such as airplane 
wings. ' 

A further object of the invention resides in the provi 
sion of a method and apparatus wherein airplane wing 
components, or the like, are ?rst secured together by 
means of slugs or rivets formed with head portions which 
?ll and project outwardly from their respective counter 
sunk openings, said head portions being then cut away 
?ush with the outer surface of the wing structure to form 
a smooth outer surface offering minimum frictional re~ 
sistance to the passage of air thereover. 
Another object of the invention resides in the provision 

of a method and apparatus for clamping parts of an 
assembly in ?xed position during the several assembly 
operations, such as drilling or punching of the rivet holes, 
forming countersunk openings for the holes, inserting and 
heading the slugs or rivets, and shaving excess metal 
from the portions of the heads projecting outwardly’ 
from their respective countersunk openings. 
Another object of the invention resides in the provision 

of means including a pair of clamping members to secure 
parts of an assembly in ?xed position, and guide means 
formed on one of said members to receive a cutter for 
reciprocative movement during trimming of excess metal 
from heads of the slugs or rivets. > 
Another object is to provide an apparatus which is in 

expensive in construction and reliable in operation. 
The invention embodies other novel features, details of 

construction and arrangement of parts which are herein 
after set forth in the speci?cation and claims and illus 
trated in the accompanying drawings, forming part there 
of, wherein; 

Fig. 1 is a fragmentary front elevation, partly in sec 
tion, illustrating an assembling and ?nishing apparatus 
embodying features of the invention. ‘ 

Fig. 2 is a view corresponding to Fig. 1, showing means 
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for drilling and countersinking an assembly of work 
pieces. 

Fig. 3 is an enlarged fragmentary vertical sectional 
view illustrating the position of parts of the apparatus 
during ‘the drilling and countersinking operation. 

Fig. 4 is a fragmentary sectional view illustrating a 
rivet slug positioned in the rivet opening formed in the 
work pieces. 

Fig. 5 is a fragmentary sectional view illustrating means 
for heading the rivet slug. 

Fig. 6 is a view corresponding to Fig. 1 illustrating 
means for trimming a rivet head ?ush with the outer sur 
face of the adjacent work piece. 

Fig. 7 is an enlarged fragmentary sectional view of 
the rivet head trimming means. 

Fig. 8 is an enlarged transverse sectional view taken 
along the line 8-8 of Fig. 5. 

Figs. 9, l0, l1, l2 and 13 are schematic views illustrat 
ing hydraulic means for the operating of the apparatus. 

Fig. 14 is a detail view illustrating means for support 
ing the rivet heading member. ' 

Fig. 15 is a vertical sectional view illustrating a modi 
?ed form of the invention. 

Referring now to the drawings for a better understand 
ing of the invention, the apparatus is shown as compris 
ing base and head mechanisms, indicated generally at A 
and B, respectively, adapted to engage work pieces C 
and D therebetween. If desired, said mechanisms may 
be supported on a common frame structure 2 comprising 
a base plate 3 and an upright back wall 4. 
A pair of hydraulic motors 6-6 are mounted on the 

base plate 3 for engagement against arms 7--7 provided 
on opposite sides of a work supporting cylinder 8, each 
motor being shown as comprising a piston 9 mounted for 
reciprocative movement in a cylinder 11 provided with 
conduits 12 and 13 leading to a four-way control valve 
14 which is connected to a pressurized ?uid source P and 
a reservoir R by conduits 16 and 17, respectively. 
A work clamping arm 18 is pivotally mounted at one 

end thereof on a pivot pin 19 provided on the head B. 
The other end of the arm is bifurcated to receive a bear 
ing block 21 which is ?xed on a pin 22 journaled at its 
ends in apertures formed in the arm. The bearing block 
21 is engaged in a slide bearing 23 secured on the lower 
end of a piston 24 mounted in a cylinder 26. As shown 
in Fig. 10, the cylinder 26 is secured on the head B and 
provided with conduits 27 and 28 leading to a four-way 
valve 29. Conduits 31 and 32 lead from the valve to 
a pressurized ?uid source P and a reservoir R, respec 
tively. The cylinder 26 is provided with a stop shoulder 
33 to limit downward movement of the piston 24 to 
insure that the flat work engaging face 34 on the arm 18 
will always stop in a horizontal plane parallel to the ?at 
surface 36 on the upper end of the cylinder 8. After 
movement of the arm 18 to its lower position, the cyl 
inder 3 is’raised to clamp the work against the face 34. 

After the work pieces C and D are thus clamped in 
?xed position between the cylinder 8 and the clamping 
arm 18, they are drilled and countersunk, as illustrated 
in Figs. 2, 3, and 11 to receive a rivet slug S. A com 
bined drill and countersink 37 is mounted on a spindle 
38 journaled in a bearing 39 provided on the housing 41 
of a conventional ?uid motor 42. A rotor 43, journaled 
in the housing 41 and secured to the spindle 38, is adapted 
to rotate responsive to a flow of pressurized ?uid through 
the housing from a pressurized -?uid source P to a 
reservoir R when a solenoid actuated valve 44 is opened. 
‘The motor housing 41 is connected to a piston 46 

mounted for reciprocative movement in a cylinder 47 
responsive to the ?ow of ?uid through conduits 48 and 
49 leading to a four-way valve 51. Conduits 52 and 53 
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lead from a pressurized ?uid source P and a reservoir R, 
respectively, to the valve 51. 

After the drilling and countersinking operation, a 
rivet slug S is placed in the rivet opening to rest upon 

' anvil 54 carriedby apiston 56in the work supporting 
As shown in Fig; 12," cylinder 8, as illustrated in Fig. 4. 

conduits 57 and 58 lead from the cylinder% to a/four 
way valve 59 which is connected to a source of pres 
surized ?uid P and areservoir R by conduits 61 and 
62, respectively. A helical compression spring 63 is 
provided in the cylinder? to bias the piston 56 to its 
inner position against an adjustable stop screw 64. 
‘A rivet heading member 66 is actuated by the piston 

46 to coact with the anvil 54 to simultaneously form 
heads on opposite ends of the rivet slug S, as illustrated 
in Figs. 5, 12 and 1.4. The heading member 66 is ?xed 
on a bracket 67 mounted for pivotal and axial move 
ments on a shaft 68, as illustrated in Fig. 1.4. One side 
of the bracket 67 is formed with a recess 69 to receive 
the drill 37 and spindle 38 to dispose the heading mem 
ber 66 in axial alignment under the drill during the 
heading operation. After the heading operation, the 
bracket 67 is pivoted laterally from the spindle 38 to an 
inoperative position. A compression spring 71 is pro 
vided on the shaft 68 to maintain the bracket 67 in 
engagement against the motor 42 during the heading 
operation. 

After the heading operation, the head H on the rivet 
projects outwardly from the countersunk opening above 
the outer surface of the workpiece C. To provide a 
smooth outer surface on the work assembly, the present 
invention contemplates the provision of ?nishing means 
for trimming excess metal from the outer end of the 
rivet head H. 
The rivet head ?nishing means is shown in Figs. 6, 7 

and 13 as comprising a cutter 72 mounted for recipro 
cative movement on the work clamping arm 18 in a 
plane parallel to‘ the work engaging face 34 on the arm, 
the cutter being provided with tongues 73 on opposite 
sides thereof for sliding engagement in grooves 74 
formed in the clamping arm. The cutter is formed with 
teeth 76 of progressively increasing length from the 
tongue 73 to successively trim excess metal from a rivet 
head H during one stroke of the cutter. 
The cutter 72 is reciprocated along the clamping arm 

18 by means of a piston 77 which is mounted in a cyl 
inder '78 and connected to one arm of a bell crank lever 
79 mounted for pivotal movement on the pin 19, the 
other arm of the lever being connected to the cutter by 
a link 81. Conduits 82 and 33 lead to a four-way valve 
84; and conduits 86 and 37 lead from said valve to a 
source, of pressurized ?uid P and a reservoir R, 
respectively. 

In the operation of the apparatus thus shown and 
described, the work pieces C and D are ?rst placed upon 
the ?at upper face 36 of the cylinder 8. The work 
clamping arm 18 is then pivoted downwardly by the 
piston 24 to dispose the flat lower surface 34 of the arm 
in a horizontal plane parallel to the face 36 of the 
cylinder 8. The cylinder 8 is then moved upwardly 
toward the arm 18 by the pistons 9~—9 to clamp the work 
pieces C and D between the cylinder and the arm. 

After the Work pieces have been clamped in ?xed 
position, the combined drill and countersink 37 is rotated 
by the ?uid motor 42 and moved axially by the piston 
46 to form a countersunk rivet aperture in the work 
pieces to receive a rivet slug S for abutting engagement 
against an anvil 54. 
1 During heading of a slug S, the bracket 67 is ?rst piv~ 
oted into position under the ?uid motor housing 41. The 
anvil 54 and plunger 66 are then moved toward each 
other by their respective pistons 56 and 46 to simulta 
neously upset and head theends of the slug S, as il1us< 
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trated in Fig. 5. After the heading operation, ‘the bracket 
67 is pivoted away from the ?uid motor 42 to its inoper 
ative position. 

After the heading operation, the head H projects out 
wardly from the countersunk opening, as shown in Fig. 5. 
To provide a smooth outer surface on the assembly, it is . 
necessary to remove excess metal from the head H. This 
is acomplished by moving the cutter 72 across the head 
H to cause the teeth 76 to act successively in shaving 
excess metal from the head to provide a smooth outer 
surface thereon ?ush with the outer surface of the work 
piece C, as illustrated in Fig. 7. _ 

Fig. 15 illustrates a modi?ed form of the invention in 
which a punching and dimpling operation may be sub 
stituted for the drilling and countersinln'ng operation 
heretofore shown and described‘. In this form of the in 
vention, work pieces C and D are ?rst clamped between 
the arm 18 and cylinder 8, as heretofore described. A 
die 91 is secured on the piston 46, in place of the motor 
42 and drill 37, to coact with a punch 92 and anvil 54a 
to form a dimpled rivet aperture in the work pieces. 
Any suitable mechanical or hydraulic power means may 
be provided to actuate the punch 92. ' After the punch 
ing and dimpling operation, the rivet or slug is headed 
and excess metal cut from the head thereof by the cutter 
72, as heretofore described. 
Having described a preferred embodiment of the pres 

ent invention, it is to be understood that although speci~~ 
he terms and examples are employed, they are used in a 
generic and descriptive sense and not for purposes of 
limitation; the scope of the invention being set forth in 
the following claims. 
What is claimed is: 
1. In an apparatus for shaving protruding rivet heads 

?ush with the smooth outer surface of a riveted struc 
ture, work clamping means including an arm for direct 
planar engagement against said outer surface of the 
riveted structure, a surface broach directly slidably 
mounted on said arm for movement in a plane parallel 
to said outer surface, said broach having teeth of progres 
sively increasing length to act successively in shaving a 
rivet head ?ush with said outer surface in one stroke of 
the broach, means to move said broach along said arm, 
said work clamping means including a valve, a pressur 
ized ?uid source controlled by said valve, a cylinder 
mounted upon a frame and connected to said fluid source 
and having a stop shoulder and piston therein whereby 
opening of the said valve causes the piston to move to a 
position against the shoulder, linkage means intercon 
necting the said piston with the said arm so as to impart 
movement to the arm whereby the arm moves to a refer 
ence position against said outer surface of the riveted 
structure. 

2. In an apparatus for shaving protruding rivet heads 
?ush with the smooth outer surface of a riveted struc 
ture, work clamping means including an arm for direct 
planar engagement against said outer surface of the 
riveted structure, a surface broach directly slidably 
mounted on said arm for movement in a plane parallel 
to said outer surface, said broach having teeth of pro 
gressively increasing length to act successively in shaving 
a rivet head ?ush with said outer surface in one stroke 
of the broach, and means to move said broach along said 
arm, said means including a pressurized ?uid, a piston 
mounted in a cylinder and connected to one arm of a 
bell crank lever mounted for pivotal movement about a 
pin, the other arm of the lever being connected'by a link 
to the said surface broach whereby release of the pres» 
surized ?uid to the piston causes movement of the 
broach. 

3. In an apparatus for assembling components having 
aligned rivet apertures provided with a ?aring opening, 
means including an arm .to clamp said components to 
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gether, means movable relative to said clamp means to 
upset the ends of a rivet element positioned in said aper 
tures to form heads projecting from remote surfaces of 
said components, guide means provided on said arm, a 
cutter having teeth of progressively increasing length, 
said cutter being slidably mounted on said guide means 
for reciprocative movement transversely of said rivet‘ 
element, and means to move said cutter to progressively 
remove excess metal from the outer end of rivet head 
seated in said ?aring opening in one stroke of the cutter 
to provide a smooth outer surface on the component as 
sembly, the last stated means including a pressurized 
?uid, a piston mounted in a cylinder and connected to 
one arm of a bell crank lever mounted for pivotal move 
ment about a pin, the other arm of the lever being con 
nected by a link to the said cutter whereby release of the, 
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pressurized ?uid to the piston causes movement of the 
cutter. 
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