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(57) ABSTRACT 

A liquid-containing member is insert molded into a body. 
The liquid-containing member may be in the form of a level 
vial, Which can be insert molded in a mold cavity having a 
shape corresponding to a vial retainer or corresponding to a 
level. The mold cavity is de?ned by a pair of mold sections 
Which are con?gured to form an opening in the body, and the 
level vial is positioned to extend across the areas of the mold 
sections de?ning the opening. The ends of the level vial 
extend into an area of the mold cavity adapted to receive 
moldable material, such that injection of moldable material 
into the mold cavity surrounds and encapsulates the ends of 
the level vial. The vial is thus mounted to the body by means 
of the moldable material surrounding and encapsulating the 
ends of the vial, to securely engage the vial With the body 
and to eliminate a previously-required assembly step of 
mounting a vial to a body such as a vial retainer or a level. 

1. l L. 



Patent Application Publication May 16, 2002 Sheet 1 0f 7 US 2002/0056203 A1 

Kw 



Patent Application Publication May 16, 2002 Sheet 2 0f 7 US 2002/0056203 A1 

89L % FiG. Q <62 ,7 

mi. _ “ Kim? 



Patent Application Publication May 16, 2002 Sheet 3 0f 7 US 2002/0056203 A1 

. 

_....Tr?hH. \. v . ._ . 

J W J A. W5) 71 n g / (‘x / u ,:.. ,/t,..\ \ 



Patent Application Publication May 16, 2002 Sheet 4 0f 7 US 2002/0056203 A1 

/:\\\ 
' / 

M 

NH’ 

H613 



Patent Application Publication May 16, 2002 Sheet 5 0f 7 US 2002/0056203 A1 



Patent Application Publication May 16, 2002 Sheet 6 0f 7 US 2002/0056203 A1 

l, a 

i 
\ in... i / 

A? L? g? 

: 

I ll Kllllllllllulllllll 

t7 

FKB. ié 



Patent Application Publication May 16, 2002 Sheet 7 0f 7 US 2002/0056203 A1 

\\ \\\§\\\i 

A. 

F16. 17 



US 2002/0056203 A1 

INSERT MOLDING OF A LIQUID-CONTAINING 
MEMBER, SUCH AS A LEVEL VIAL, AND AN 
ARTICLE OF MANUFACTURE FORMED 

THEREBY 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] This invention relates to injection molding, and 
more particularly to injection molding of plastic material 
around a level vial or other member containing an encap 
sulated volume of ?uid. 

[0002] Alevel vial consists of a tubular member formed of 
a translucent material having a volume of ?uid in its interior. 
Typically, a vial is constructed by ?lling a cylindrical 
member With ?uid and then securing a cap to the open end 
of the cylindrical member to seal the interior of the cylin 
drical member and retain the ?uid therein. The ?uid occu 
pies less than the entire volume of the closed interior of the 
cylindrical member, to form a bubble. The cylindrical mem 
ber is formed of a translucent plastic material, to enable the 
bubble to be vieWed from the exterior of the vial after it has 
been constructed as described. 

[0003] Level vials are mounted to the frame of a level in 
a variety of Ways. In one arrangement, a metal frame 
includes a Web located betWeen a pair of spaced ?anges. The 
Web is provided With a series of openings and each opening 
includes a pair of notches for receiving the ends of the vial, 
such that the vial extends across the opening. A pair of 
plastic covers are located one on each side of the frame. The 
covers are connected together, such as by a snap ?t arrange 
ment, and the frame Web and the vials are disposed betWeen 
the covers to form a composite level construction in Which 
the covers function to retain the vials in position Within the 
Web openings. Alternatively, a pair of separate covers can be 
provided for each vial. Each pair of covers are engaged 
together With the frame Web and the vial therebetWeen, such 
that each pair of covers functions to retain one of the vials 
in position. In another arrangement, a level body is provided 
With a series of openings, and vial-retaining structure is 
associated With each opening so as to enable the ends of the 
vial to be snap-?t into the opening. In a Wood level con 
struction, openings are formed in the Wood frame for receiv 
ing one or more vials. The vials are placed Within the 
openings, and plastic retainers are received Within the open 
ings and engaged With the vials for maintaining the vials in 
position. Transparent covers are mounted on either side of 
the frame over the opening for protecting the vials and 
enabling the vials to be vieWed from the exterior of the 
frame. 

[0004] It is an object of the present invention to provide an 
arrangement for mounting a level vial to a level, Which 
eliminates the need for separate covers to maintain a level 
vial in position relative to the frame. It is another object of 
the invention to provide a level vial mounting system Which 
eliminates the need for engaging a level vial With a level 
body in a snap-?t manner. It is a further object of the 
invention to provide a simpli?ed system for engaging a level 
vial With a vial mounting component Which is adapted for 
engagement With a level frame. A still further object of the 
invention is to provide a simple and efficient arrangement for 
engaging any liquid-containing member With a body or other 
structure formed of a moldable material. Yet another object 
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of the invention is to provide an arrangement for insert 
molding a liquid-containing member along With a body. 

[0005] In accordance With the invention, moldable mate 
rial is molded about a liquid-containing member to form a 
body, such that the body is integrally formed about the 
liquid-containing member. The liquid-containing member 
may be molded into the body in an insert molding process, 
in Which the liquid-containing member is engaged betWeen 
a pair of mold sections Which cooperate to de?ne a mold 
cavity having a shape corresponding to the desired ?nal 
shape of the body. In one form, the mold sections include 
structure adapted to form an opening in the molded member, 
and the liquid-containing member is positioned relative to 
the mold sections so as to extend across the structure Which 
forms an opening in the molded member. The liquid-con 
taining member de?nes a pair of end portions, each of Which 
is located Within a portion of the mold cavity located 
adjacent the structure in the mold sections Which forms an 
opening in the molded member, such that the moldable 
material surrounds and encapsulates the end portions of the 
liquid-containing member When injected into the mold cav 
ity. 
[0006] The invention can be used to construct a level or a 
vial mounting component for use in combination With a 
level frame. In one embodiment, the mold cavity is con?g 
ured to form a level having at least one gauging surface and 
a Web. The mold sections are con?gured to form one or more 
openings in the Web, and a level vial is engaged With the 
mold sections so as to extend across each opening formed in 
the molded member. When moldable material is injected 
into the mold cavity, the moldable material surrounds and 
encapsulates the ends of the vial on either side of each 
opening, to form an integral, molded level With insert 
molded level vials. The insert molding of the level vials 
provides accurate placement of the vials relative to the 
gauging surface of the level, and also securely mounts the 
vials to the level so as to prevent the vials from being 
disengaged from the level. 

[0007] In another embodiment, the mold sections are 
con?gured to receive a level frame Which has one or more 
openings, With each opening having a pair of notches for 
receiving the ends of a level vial. The frame and the vials are 
loaded into the mold sections, and the mold cavity is formed 
so as to provide moldable material about the ends of each 
vial and at least a portion of the frame, so as to securely 
retain the level vials in position on the frame. The cavity 
may be formed so as to extend beyond the ends of the frame, 
to form molded end caps Which are integrally molded along 
With the moldable material Which overlies the ends of the 
level vials. 

[0008] In another embodiment, a level vial is insert 
molded in a vial mounting component for use in mounting 
a vial to the frame of a level, such as Within an opening 
formed in a Wood level frame. The vial mounting component 
includes a pair of spaced Walls, and the level vial extends 
betWeen the Walls. Each Wall is formed of moldable material 
Which forms a protrusion surrounding and encapsulating an 
end portion of the vial. The vial mounting component may 
be adapted for use in combination With another similarly 
constructed vial mounting component, to mount a pair of 
vials Within the frame opening. 

[0009] The present invention simpli?es assembly of a 
level by insert molding the level vials along With the plastic 
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material of a level body or a cover member, or along With a 
retainer member engageable Within an opening formed in a 
level frame. 

[0010] Various other features, objects and advantages of 
the invention Will be made apparent from the following 
description taken together With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The draWings illustrate the best mode presently 
contemplated of carrying out the invention. 

[0012] 
[0013] FIG. 1 is an isometric vieW of a level frame and a 
series of level vials Which are adapted for use in the insert 
molding process of the invention, to form an insert molded 
composite level; 

[0014] FIG. 2 is a front elevation vieW of a composite 
insert molded level produced utiliZing the frame and level 
vials of FIG. 1; 

[0015] FIG. 3 is a section vieW taken along line 3-3 of 
FIG. 2; 

[0016] 
FIG. 2; 

[0017] FIG. 5 is a vieW illustrating portions of a pair of 
mold sections used to form the composite level construction 
of FIGS. 2-4; 

[0018] FIG. 6 is a vieW similar to FIG. 2, shoWing an 
embodiment in Which the level frame of FIG. 1 is omitted 
and the level is formed of a one-piece molded construction; 

In the draWings: 

FIG. 4 is a section vieW taken along line 4-4 of 

[0019] FIG. 7 is a section vieW taken along line 7-7 of 
FIG. 6; 

[0020] FIG. 8 is an isometric vieW of a vial mounting 
component With an insert molded level vial, in accordance 
With the invention; 

[0021] FIG. 9 is an elevation vieW of a pair of vial 
mounting components as illustrated in FIG. 8; 

[0022] FIG. 10 is a partial elevation vieW shoWing a pair 
of vial mounting components as in FIG. 8 mounted to the 
frame of a level; 

[0023] FIG. 11 is an elevation vieW illustrating a molded 
vial mounting component similar to that of FIGS. 8 and 9; 

[0024] FIG. 12 is a top plan vieW of a mold section for use 
in producing the vial mounting component of FIG. 11; 

[0025] FIG. 13 is a section vieW taken along line 13-13 of 
FIG. 12; 

[0026] FIG. 14 is an enlarged partial section vieW shoW 
ing portions of the mold sections of FIG. 13; 

[0027] FIG. 15 is a vieW similar to FIG. 11, shoWing 
another embodiment of a vial mounting component; 

[0028] FIG. 16 is a vieW similar to FIG. 12, shoWing a 
mold section for use in constructing the vial mounting 
component of FIG. 15; 

[0029] 
FIG. 15; 

FIG. 17 is a section vieW taken along line 17-17 of 

May 16, 2002 

[0030] FIG. 18 is an enlarged partial section vieW of 
portions of the mold sections of FIG. 17; and 

[0031] FIG. 19 is a vieW of a pair of vial mounting 
members of FIG. 15 assembled together. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] FIG. 1 shoWs a level frame 20 having a top ?ange 
22, a bottom ?ange 24 and a Web 26 extending betWeen top 
and bottom ?anges 22, 24. The outer surfaces of top and 
bottom ?anges 22, 24, respectively, de?ne parallel gauging 
surfaces extending parallel to the longitudinal aXis of frame 
20. Web 26 is preferably an eXtruded member formed of a 
metallic material such as aluminum, and openings 28, 30 
and 32 are formed in Web 26. A passage 34 is formed in 
?ange 22 to provide visual access to opening 32 through 
?ange 22 and the portion of Web 26 lying betWeen opening 
30 and ?ange 22. 

[0033] Opening 28 includes notches in its upper and loWer 
edges for receiving the top and bottom ends of a level vial, 
shoWn at 36. Level vial 36 is constructed in a conventional 
manner of a liquid-?lled cylinder closed With an end cap to 
retain the liquid Within an internal cavity de?ned by vial 36. 
The notches, Within Which the ends of vial 36 are received, 
are oriented relative to top and bottom ?anges 22, 24, 
respectively, such that the longitudinal aXis of level vial 36 
is substantially perpendicular to the gauging surfaces 
de?ned by ?anges 22, 24. Similarly, notches are formed in 
the facing side edges of opening 30 for receiving the ends of 
a vial 38, Which is slightly longer than vial 36. The notches 
of opening 30 are formed such that the longitudinal aXis of 
vial 38 is substantially parallel to the gauging surfaces 
de?ned by ?anges 22, 24 and thereby substantially perpen 
dicular to the longitudinal aXis of vial 36. Notches are 
formed at opposite comers of opening 32 for receiving the 
ends of a vial 40 Which is of the same construction as vial 
36, and are oriented such that the longitudinal aXis of vial 40 
in opening 32 is at an angle of 45° relative to the gauging 
surfaces de?ned by ?anges 22, 24 and to the longitudinal 
aXes of vial 38 and vial 36. 

[0034] With vials 36, 38 and 40 loaded into frame 20 as 
shoWn and described, frame 20 is placed in a cavity de?ned 
by a forming tool, such as an injection molding die. Alter 
natively, frame 20 and vials 36, 38 and 40 may be separately 
loaded into the injection molding die. Plastic material is then 
molded around frame 20 and vials 36, 38 and 40 to form a 
composite level construction, shoWn generally at 42 in 
FIGS. 2 and 3. Composite level 42 includes frame 20 With 
?anges 22 and 24 eXposed, and plastic material is formed 
about Web 26 and the ends of vials 36, 38 and 40. 

[0035] The plastic material of composite level 42 includes 
a pair of end members 44, 46 and a pair of side plate 
members 48, 50. End members 44 and 46 are formed 
integrally With side plate members 48 and 50, such that a 
one-piece unitary plastic member is formed about Web 26. 
Side plate members 48 and 50 include matching raised 
rectangular sections 52, 54, respectively, located over open 
ing 28 in Web 26. Rectangular sections 52, 54 include a 
common inner Wall 56 Which is located inWardly of the 
edges of opening 28, and Which forms the boundary of an 
opening 58 across Which vial 36 eXtends. The upper and 
loWer portions of raised rectangular sections 52, 54 encap 
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sulate and surround the upper and lower ends, respectively, 
of vial 36, so as to retain vial 36 Within the notches formed 
in frame opening 28 and to thereby maintain vial 36 in its 
predetermined orientation in composite level 42. In a similar 
manner, side plate members 48, 50 de?ne matching raised 
rectangular sections 60, 62, respectively, over frame opening 
30, Which include a common inner Wall 64 Which is located 
inWardly of the edges of opening 30, and Which de?ne an 
opening 66 across Which vial 38 eXtends. The opposite side 
portions of raised rectangular sections 60, 62 encapsulate 
and surround the ends of vial 38 to maintain the ends of vial 
38 in position Within the notches formed in frame opening 
30, to thereby maintain vial 38 in its predetermined orien 
tation in composite level 42. Apassage 68 is formed in the 
upper eXtent of raised rectangular sections 60, 62 in align 
ment With passage 34 in frame 20, to alloW vial 38 to be 
vieWed through ?ange 22. Side plate members 48, 50 further 
include matching raised rectangular sections 70, 72, respec 
tively, over frame opening 32, Which include a common 
inner Wall 74 Which is located inWardly of the edges of 
opening 32, and Which de?ne an opening 76 across Which 
vial 40 eXtends. The corners of raised rectangular sections 
70, 72 encapsulate and surround the ends of vial 40 to 
maintain the ends of vial 40 in position Within the notches 
formed in frame opening 32, to thereby maintain vial 40 in 
its predetermined orientation in composite level 42. 

[0036] As shoWn in FIG. 5, the tooling Within Which 
composite level 42 is formed includes a pair of mold halves 
77, 78 Which de?ne an internal cavity 79 Which conforms 
precisely to the desired end con?guration of composite level 
42. To produce composite level 42, frame 20 is loaded into 
mold cavity 79 and vials 36, 38 and 40 are then loaded into 
recessed areas in the mold cavities Which accept vials 36, 38 
and 40. Mold halves 77, 78 include vial engagement sur 
faces 80, 81, respectively, for each of vials 36, 38 and 40 
Which ensure that vials 36, 38 and 40 are properly positioned 
relative to the plane of Web 26 When the tooling is closed, 
to ensure that vials 36, 38 and 40 are fully inserted into the 
mold recesses and thereby into the notches in Web 26 Which 
receive the ends of vials 36, 38 and 40. Plastic material is 
then injected into mold cavity 79 so as to surround frame 20 
as shoWn in FIGS. 2-4 and to form side plate members 48, 
50 and end members 44 and 46 integrally about the sides and 
ends, respectively, of frame 20. The tooling is then opened 
and the sprues through Which the plastic material is injected 
into the mold cavity are removed. 

[0037] Alternatively, a metal frame level can be formed in 
a similar manner Without end members 44, 46 and Without 
the portions of side plate members 48, 50 betWeen the 
matching raised rectangular sections de?ning openings 58, 
66 and 76. In this arrangement, matching raised rectangular 
sections 52 and 54 are formed so as to surround the portions 
of Web 26 adjacent frame opening 28 to encapsulate and 
surround the ends of vial 36. Similarly, matching rectangular 
sections 60 and 62 are formed about the portions of Web 26 
adjacent frame opening 30, and matching raised rectangular 
sections 70, 72 are formed about the portions of Web 26 
adjacent frame opening 32. The portions of Web 26 betWeen 
each set of matching raised rectangular sections is left 
eXposed, as are the ends of the frame. 

[0038] FIGS. 6 and 7 illustrate a one-piece plastic level 
82. In this embodiment, frame 20 is not used and instead 
plastic material is injected fully around vials 36, 38 and 40 
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after vials 36, 38 and 40 have been loaded into a mold cavity 
having the shape of level 82 as shoWn. Vials 36, 38 and 40 
are loaded into vial-receiving recesses in the forming tool 
ing, and the tooling is then closed. Plastic material is injected 
into the mold cavity and surrounds the ends of vials 36, 38 
and 40 to maintain vials 36, 38 and 40 in their desired 
positions and to form the plastic material into the ?nal 
desired shape of level 82. Level 82 is formed so as to de?ne 
openings 84, 86 and 88, and vials 36, 38 and 40, eXtend 
across openings 84, 86 and 88, respectively. The general 
construction of the plastic material of level 82 is as set forth 
With respect to FIGS. 1-4, With the exception that frame 20 
is eliminated and plastic material is in its place. The plastic 
material of level 82 de?nes the gauging surfaces of level 80, 
and surrounds and encapsulates the ends of vials 36, 38 and 
40, to maintain vials 36, 38 and 40 in position. This 
construction thus provides a one-piece level With level vials 
36, 38 and 40 insert molded into the body of the level. 

[0039] FIG. 8 illustrates a curved vial 90 having a vial 
retainer 92 molded around its ends. Vial retainer 92 de?nes 
spaced Walls 94 and 96, With a curved Wall 98 extending 
betWeen and interconnecting spaced Walls 94, 96. Curved 
Wall 98 includes a locating tab 100. Curved vial 90 is insert 
molded With vial retainer 92 by placing vial 90 into a mold 
cavity having a con?guration Which accepts vial 90 and 
Which de?nes the ?nal shape of vial retainer 92 as shoWn. 
Plastic material is then injected into the mold cavity to form 
a protrusion 102 on each of Walls 94, 96 Which surrounds 
and encapsulates an end of vial 90. When vial retainer 92 is 
removed from the mold, vial 90 is molded into vial retainer 
92 such that vial 90 is in a predetermined position and 
orientation relative to the remainder of vial retainer 92. A 
pair of vial retainers 92 are then positioned Within an 
opening formed in the frame of a level, such as a Wood level 
104 as shoWn in FIG. 10 and are secured in position in a 
manner as is knoWn. Typically, a WindoW or cover is also 
secured to the level frame for enclosing and protecting the 
vials. With this arrangement, a vial is insert molded along 
With a retainer component for use in mounting to a frame to 
secure the vial in position relative to the frame. 

[0040] In all of the embodiments as shoWn and described, 
the vials are insert molded along With another component so 
as to ease assembly and reduce the number of parts or steps 
involved in assembly. In the embodiment of FIGS. 1-5, it is 
possible to provide a single tool Which has the desired ?nal 
shape of level 42 in combination With recesses for receiving 
frame 20 and vials 36, 38 and 40. It is thus unnecessary to 
have a set of tools Which form separate side plates Which are 
snapped together about the frame and vial. In addition, the 
step of assembling the side plates to the frame and vials is 
eliminated. In the embodiment of FIGS. 6 and 7, the vials are 
formed integrally With the material of the level, thus elimi 
nating the step of snapping vials into openings formed in a 
plastic level. In addition, the vial ends are fully surrounded 
and encapsulated by plastic material, Which eliminates the 
possibility that the vial can accidentally fall or be pushed out 
of the opening. In the embodiment of FIGS. 8-10, the vial is 
molded to another component Which is used to mount the 
vial to a level frame, thus ensuring that the vial is alWays in 
a desired position relative to the mounting component and 
eliminating the number of steps required to assemble the vial 
to the frame. 
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[0041] The invention has been shown and described in 
connection With a hand tool in the form of a level. It should 
be understood that the invention can be utilized to insert 
mold a vial into any tool and is not limited for use in a level. 
For example, the invention can be used to insert mold a level 
vial into any other type of hand tool such as in the handle of 
a square, in a combination square, in a bubble stick or any 
other tool having a plastic injection molded member. The 
invention can also be used to insert mold a level vial into the 
handle of a poWer tool, or in any other application, assembly 
or subassembly in Which a level vial or other liquid-?lled 
member can be utiliZed. 

[0042] FIG. 11 illustrates a vial retainer 110 having a 
construction much like that of vial retainer 92 (FIGS. 8, 9). 
Vial retainer 110 includes a pair of spaced Walls 112, 114, 
With a curved Wall 116 extending betWeen and interconnect 
ing Walls 112, 114. Curved Wall 116 includes a locating tab 
118. A curved vial 120 is insert molded along With vial 
retainer 110. Curved vial 90 includes end portions Which are 
encapsulated and surrounded by protrusions 122, 124 Which 
are formed on and extend outWardly from spaced Walls 112, 
114, respectively. A ?ange 124 extends outWardly from 
Walls 112, 114 and 116, and is adapted to engage the surface 
of the frame of a Wood level, such as shoWn at 104 in FIG. 
10, for mounting thereto in a manner as is knoWn. Atang 126 
extends betWeen mounting ?ngers 128, 130 Which extend 
outWardly from Walls 112, 114, respectively. When a pair of 
vial retainers 110 are placed in a mirror image relationship 
such as is illustrated in FIG. 9, ?ngers 128, 130 engage each 
other and tangs 126 are in alignment, such that tangs 126 
provide a visual separation betWeen vials 90. 

[0043] FIGS. 12-14 illustrate a mold assembly 134 for use 
in constructing vial retainer 110. Generally, mold assembly 
134 includes an upper mold section 136 mounted to an upper 
block 138, and a loWer mold section 140 mounted to a loWer 
block 142. In a manner as is knoWn, upper block 138 is 
mounted to a reciprocating device such as a press, for 
selectively moving upper block 138 toWard and aWay from 
loWer block 142. Similarly, loWer block 142 is supported on 
a mold base 144, again in a manner as is knoWn. LoWer mold 
section 140 includes four identical cavities, shoWn generally 
at 146, each of Which has a con?guration Which matches that 
of vial retainer 110. Each cavity 146 includes an arcuate 
recessed area 148 Which has a shape corresponding to that 
of Walls 112, 114, 116, as Well as ?ange 124. A tang and 
?nger recess 150 extends from recess 148, and has a shape 
corresponding to that of tang 126 and ?ngers 128, 130. 
LoWer mold section 140 and upper mold section 136 include 
mating structure Which de?nes the space betWeen Walls 112, 
114, and a vial seating recess 152 is formed in loWer mold 
section 140. Vial seating recess 152 has a shape correspond 
ing to that of vial 90, and extends betWeen the portions of 
recessed area 148 Which form Walls 112, 114. A pair of 
protrusion recesses 154 are located outWardly of the portions 
of recessed area 148 Which form Walls 112, 114. Vial 90 is 
received in vial seating recess 152 and is oriented such that 
its ends are disposed in protrusion recesses 154. In this 
manner, vial 90 extends across the portions of recessed area 
148 Which form Walls 112, 114. 

[0044] A central injection passage 156 is formed in loWer 
mold section 140. A pair of laterally extending trunk pas 
sages 158 are formed in the face of loWer mold section 140, 
extending in opposite directions from central injection pas 
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sage 156. A pair of branch passages 160 extend in opposite 
directions adjacent the end of each trunk passage 158 
opposite central injection passage 156. An auxiliary injec 
tion passage 162 is formed in loWer mold section 140 at the 
central location of each recessed area 148. A How passage 
164 extends from the end of each branch passage 160 into 
recessed area 148. Additional auxiliary injection passages 
166 are formed in loWer mold section 140, and have an 
outlet located at the intersection of each trunk passage 158 
With its respective branch passages 160. A stem passage 170 
is formed in loWer mold section 140, and communicates 
With a stem passage 172 in loWer block 142. 

[0045] In a manner as is knoWn, ?oWable injection mold 
able material, such as lique?ed plastic, is injected through 
injection passages 156, 162 and 166 for supply to cavities 
146, to form the plastic material into the con?guration of 
vial retainer 110. When injected into each cavity 146, the 
lique?ed plastic material ?oWs around and surrounds the 
ends of vial 90 at protrusion recesses 154, such that protru 
sions 122, 124 are formed integrally With Walls 112, 114, 
respectively, to encapsulate and surround the ends of vial 90 
With material and to thereby secure vial 90 in a predeter 
mined orientation relative to vial retainer 110 as determined 
by the orientation of vial seating recess 152 relative to cavity 
146. 

[0046] Upper mold section 136 includes inserts 173, 
Which engage vial 90 When received Within vial seating 
recess 152. Each insert 173 has a con?guration Which mates 
With the areas of loWer mold section 140 adjacent vial 
seating recess 152, such that vial 90 is completely sur 
rounded by the material of loWer mold section 140 and insert 
173 betWeen the portions of recessed area 148 Which form 
Walls 112, 114 of vial retainer 110. In this manner, vial 90 is 
securely maintained in position during injection molding, 
and insert 173 and loWer mold section 140 cooperate to 
prevent the How of plastic material inWardly of the portions 
of recessed area 148 Which form Walls 112, 114, such that 
there is no plastic material around vial 90 betWeen Walls 112, 
114. 

[0047] LoWer mold section 140 includes a pair of mirror 
image ?uid ?oW passages, including tWo pairs of transverse 
end passages 174, With each pair being connected via a 
longitudinal passage 176. Ainlet/outlet port 178 is formed in 
loWer mold section 140 in communication With each trans 
verse passage 174, for receiving cooling ?uid supplied 
through one of a series of inlet/outlet passages 182 formed 
in loWer block 142. Each transverse passage 174 is located 
outWardly of and adjacent one of mold cavities 146, and 
each longitudinal passage 176 is located adjacent a pair of 
mold cavities 146. Each set of transverse passages 174 and 
its associated longitudinal passage 176 surrounds the mate 
rial of loWer mold section 140 in Which a pair of mold 
cavities 146 are formed. In a manner as is knoWn, cooling 
?uid is supplied through inlet/outlet passages 182 and inlet/ 
outlet ports 178 to passages 174 and 176, for cooling the 
material of loWer mold section 140 at each mold cavity 146 
after each cavity 146 is ?lled With the moldable material, to 
accelerate cooling and solidi?cation of the material. 

[0048] Upper mold section 136 also includes transverse 
passages 182, longitudinal passages 184 and inlet/outlet 
ports 186, Which have the same con?guration as that of 
transverse passages 174, longitudinal passages 176 and 
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inlet/outlet ports 178 in lower mold section 140, for sup 
plying cooling ?uid to the material of upper mold section 
136 adjacent cavities 140. 

[0049] In a manner as is knoWn, upper and loWer mold 
sections 136, 140, respectively, are moved apart after the 
plastic material has been injection molded into cavities 146 
and formed about the ends of vials 90 and suf?ciently 
cooled, and the stems formed by stem passages 168 and 170 
are used to lift the molded vial retainers 110, each of Which 
carries a vial 90, out of mold cavities 146. The sprues formed 
by trunk passages 158, branch passages 160 and How 
passages 164 interconnect the molded vial retainers 110 for 
lifting out of loWer mold section 140 as a unit. Thereafter, 
the sprues are removed in a conventional manner and vial 
retainers 110 are mounted to a level frame, again in a 
conventional manner. 

[0050] FIG. 15 illustrates a vial retainer 192, Which is 
adapted to mount an elongated curved vial 194. The par 
ticular con?guration of vial retainer 192 differs from that of 
vial retainer 110, but the general concepts embodied in the 
construction of vial retainer 192 is identical to that of vial 
retainer 110. Vial retainer 192 is constructed using a mold 
assembly 194 (FIGS. 16-18), Which operates similarly to 
mold assembly 138. Accordingly, FIGS. 15-18 are provided 
With primed reference characters corresponding to those 
utiliZed in FIGS. 11-14. FIG. 19 illustrates a pair of vial 
retainers 192 Which are arranged in a mirror image relation 
ship to mount a pair of elongated curved vials 194 Within an 
opening formed in a Wood level frame. 

[0051] FIGS. 12-14 and FIGS. 16-18 illustrate mold 
assemblies for forming a vial retainer. It can be readily 
appreciated that the same concepts as are illustrated and 
described With respect to FIGS. 12-14 and 16-18 are 
employed to form a member other than a vial retainer, such 
as composite level 42 (FIGS. 2-4) and a one-piece injection 
molded level as in FIGS. 6 and 7. It is emphasiZed, 
hoWever, that the invention can be used to insert mold a 
liquid-containing member, such as a level vial, With any 
body formed of a moldable material. Examples include, but 
are not limited to, manufacture of tool handles, tool com 
ponents, tool housings, automotive lamp or light housings or 
enclosures, or any other application utiliZing a level vial or 
any other liquid-containing member. 

[0052] Various alternatives and embodiments are contem 
plated as being Within the scope of the folloWing claims 
particularly pointing out and distinctly claiming the subject 
matter regarded as the invention. 

We claim: 
1. A tool, comprising a body having at least one opening, 

and a level vial de?ning a pair of spaced ends and extending 
across the opening, Wherein the body is formed of a molded 
material and Wherein the molded material of the body 
surrounds and encapsulates the ends of the level vial to 
maintain the level vial in position relative to the body. 

2. The tool of claim 1, Wherein the body is formed to 
de?ne a level having at least one gauging surface arrange 
ment in a predetermined orientation relative to the level vial. 

3. The tool of claim 2, Wherein the level de?nes a series 
of openings, and Wherein a level vial extends across each of 
the openings and is maintained in position by molded 
material of the level surrounding and encapsulating the ends 
of each level vial. 
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4. The tool of claim 1, Wherein the body is formed by a 
molding process by Which the material of the body is 
supplied in a ?oWable state to a cavity having a shape 
corresponding to the desired shape of the body, and Wherein 
the level vial is placed into the cavity prior to the supply of 
the ?oWable material of the body to the cavity, Whereby the 
?oWable material When supplied to the cavity ?oWs about 
end portions of the level vial. 

5. A composite level, comprising a frame having at least 
one opening, a vial having a pair of ends, each of Which is 
engaged With the frame and extends across the opening, and 
molded material surrounding at least the portion of the frame 
adjacent the opening and the ends of the vial so as to 
maintain the vial in position relative to the frame. 

6. The composite level of claim 5, Wherein the frame 
opening includes a pair of opposed notches, and Wherein 
each vial end is engaged Within one of the notches, Wherein 
the notches are con?gured to position the vial in a prede 
termined orientation relative to the frame. 

7. The composite level of claim 6, Wherein the frame 
includes at least one ?ange and a Web Within Which the at 
least one opening is formed, and Wherein the molded mate 
rial overlies each of ?rst and second side surfaces de?ned by 
the Web, and Wherein the molded material is formed at the 
Web opening so as to de?ne an opening in the molded 
material across Which the vial extends. 

8. The composite level of claim 7, Wherein the opening in 
the molded material is bounded by one or more edges 
located inWardly of one or more edges de?ned by the frame 
and Which form the at least one opening in the frame. 

9. The composite level of claim 8, Wherein the molded 
material is formed so as to de?ne an expanded area at 
opposite sides of the opening in the molded material, 
Wherein each expanded area overlies and encapsulates one 
of the vial ends and has a transverse dimension greater than 
that of the frame Web and the molded material Which 
overlies each of the ?rst and second side surfaces de?ned by 
the Web. 

10. The composite level of claim 7, Wherein the frame 
de?nes at least one end, and Wherein the molded material 
extends past the frame end to de?ne an integrally molded 
end portion for the composite level. 

11. A vial mounting component for use in mounting a 
level vial to a level frame having an opening, comprising a 
vial retainer adapted for placement Within the opening and 
formed of a moldable material, Wherein the material of the 
vial retainer is molded about spaced ends de?ned by the vial 
so as to form a molded subassembly in Which the vial and 
the vial retainer are molded together. 

12. The vial mounting component of claim 11, Wherein 
the retainer de?nes a pair of interconnected spaced Walls 
betWeen Which the level vial extends. 

13. The vial mounting component of claim 12, Wherein 
the retainer comprises an integrally molded member includ 
ing a protrusion associated With each of the spaced Walls, 
Wherein each protrusion surrounds and encapsulates an end 
portion of the level vial. 

14. The vial mounting component of claim 13, Wherein 
each protrusion extends outWardly from an outer surface 
de?ned by one of the spaced Walls, and Wherein the spaced 
Walls de?ne the edges of an open area across Which the level 
vial extends. 

15. The vial mounting component of claim 13, Wherein 
the vial retainer is formed by injection molding a ?oWable 
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material into a cavity de?ned by a pair of mold sections, and 
Wherein the vial is inserted into the mold cavity prior to 
injection of the ?oWable material into the mold cavity such 
that the vial is insert molded With the ?oWable material to 
form the vial mounting component. 

16. The vial mounting component of claim 12, Wherein 
the vial retainer is con?gured such that a pair of vial 
retainers are matingly engageable With each other to form a 
closed vial retaining subassembly adapted for engagement 
Within an opening de?ned in the level frame to mount a pair 
of vials to the level frame. 

17. An article of manufacture, comprising a molded body 
de?ning an opening, and a liquid-?lled member insert 
molded along With the body and including a portion Which 
eXtends into the opening. 

18. The article of claim 17, Wherein the molded body 
de?nes an opening bounded by a pair of spaced edges, and 
Wherein the liquid-?lled member spans across the opening 
and de?nes a pair of spaced end portions, Wherein each end 
portion is molded into the body at one of the spaced edges 
of the opening. 

19. The article of claim 18, Wherein the liquid-?lled 
member comprises a level vial in the form of a closed 
cylindrical member de?ning an internal cavity partially 
?lled With liquid. 

20. The article of claim 19, Wherein the body comprises 
a level de?ning at least one gauging surface and a Web 
Within Which the opening is formed and across Which the 
level vial eXtends in a predetermined orientation relative to 
the gauging surface. 

21. The article of claim 18, Wherein the body comprises 
a vial mounting member separate from and adapted for 
engagement With a level frame. 

22. A method of forming a molded member, comprising 
the steps of: 

positioning a liquid-containing member Within a mold 
cavity, and injecting moldable material into the mold 
cavity, Wherein the moldable material surrounds at least 
a portion of the liquid-containing member. 

23. The method of claim 22, Wherein the mold cavity is 
formed by a pair of mold sections, Wherein the mold sections 
include structure for forming an opening in the molded 
member and located betWeen a pair of mold cavity areas 
adapted to receive the moldable material, Wherein the liquid 
containing member eXtends across the structure of the mold 
sections for forming an opening in the molded member and 
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into the pair of mold cavity areas adapted to receive the 
moldable material, Whereby injection of moldable material 
into the pair of mold cavity areas is operable to maintain the 
liquid-containing member in position relative to the molded 
member. 

24. The method of claim 23, Wherein the liquid-contain 
ing member de?nes a ?rst end portion Which eXtends into a 
?rst one of the pair of mold cavity areas, and a second end 
portion eXtending into a second one of the pair of mold 
cavity areas, Wherein injection of the moldable material into 
the ?rst and second mold cavity areas functions to surround 
and encapsulate the ?rst and second end portions of the 
liquid-containing member With moldable material. 

25. The method of claim 24, Wherein the liquid-contain 
ing member comprises a level vial in the form of a closed 
cylindrical member de?ning an internal cavity partially 
?lled With liquid. 

26. The method of claim 25, further comprising the step 
of engaging a level frame With the mold sections prior to 
injecting the moldable material into the mold cavity Wherein 
the level frame includes notches for receiving the end 
portions of the level vial, and Wherein the mold cavity is 
con?gured so as to locate moldable material about the level 
frame at the notches and about the end portions of the level 
vial. 

27. The method of claim 25, Wherein the mold cavity is 
con?gured to form a level having one or more openings and 
at least one gauging surface, Wherein a level vial extends 
across each opening. 

28. The method of claim 25, Wherein the mold cavity is 
con?gured to form a vial mounting component adapted for 
engagement With a level frame. 

29. A method of forming a composite body, comprising 
providing forming tooling de?ning a mold cavity and con 
?gured to form an opening in the body, positioning a 
liquid-containing member Within the forming tooling so as 
to eXtend across the portion of the tooling adapted to form 
the opening, and injecting moldable material into the mold 
cavity to form the body, Wherein the moldable material 
surrounds spaced ends de?ned by the liquid-containing 
member so as to maintain the liquid-containing member in 
position relative to the body, Wherein the forming tooling 
functions to provide an opening in the body across Which the 
liquid-containing member eXtends. 

* * * * * 


