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METHOD AND APPARATUS FOR MAINTAINING RIBBON TENSION
TECHNICAL FIELD               The present invention relates to a thermal
transfer         printer, and more particularly to a bidirectional hand   5
held thermal transfer printer.                      DESCRIPTION OF THE
BACKGROUND ART               There are a number of U.S. patents that
disclose  10     electronic apparatus for printing indicia on labels, some
of these are restricted to hand held units and others         that disclose
tabletop units. Hand held labeling machines         are disclosed, for
example, in U.S. Pat. Nos. 4,264,396,         Stewart; 4,407,692, Torbeck;
4,473,426, Goodwin et al.;  15    4,477,305, Hamisch; 4,490,206, Makely;
4,497,683,         Hamisch; 4,498,947, Hamisch et al.; 4,511,422, Hamisch
et         al.; 4,544,434, Mistyurik; 4,556,442, Torbeck; 4,561,048,
Hamisch et al.; and 4,680,078, Vanderpool et al. Tabletop         units for
this general purpose, some of which are  20    portable are described in
U.S. Pat. Nos. 4,440,248,         Teraoka; 4,501,224, Shibayama; 4,630,538,
Cushing; and         4,655,129, Wirth et al.              The electronic
machines for printing labels of the         type disclosed above all
include the same general 25    combination of elements, a print head, means
for feeding         labeling media to be printed past the print head, a
microprocessor, a read only memory programmed with         appropriate
instructions to operate the microprocessor, a    
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-2-        random access memory, a keyboard with letter, number, and
function keys for the entry of alphanumeric information        and
instructions concerning the indicia to be printed,        and a visual
display such as a LED, LCD unit to assist  5     the operator in using the
machine. In a hand held        printer, these components may all be
enclosed in a single        housing.              The labeling media
comprises a series of labels that         are attached to a carrier strip.
The carrier strip is fed  10     through the printer and legends are
printed on the         labels. The labels are then removed from the carrier
and         attached to the objects needing identification. As there
are many types of label applications, there are many         combinations
of labels and carrier strips that provide  15     labels of varying sizes,
colors and formats.              A particular type of print head employs
thermal         transfer printing technology. Thermal transfer printing
uses a heat generating print head to transfer a pigment,         such as
wax, carbon black, or the like, from a thermal  20     transfer ribbon to a
labeling media.  By using digital         technology, characters are formed
by energizing a         sequence of pixels on the print head which in turn
melt         the wax or other pigment on the ribbon transferring the
image to the labeling media.  25          In a known thermal transfer
printer such as a label         printer,  labeling media is fed by a paper
feed roller         simultaneously with a platen roller feeding an ink
transfer ribbon. While the labeling media driven by the  



feed roller runs between the print head and the rotating  30     platen
roller, the transfer ribbon is passed between the                  print'
head and the platen roller by rotating the platen        roller. As a
result, the labeling media and the transfer        ribbon pass together in
overlay relationship between the        print head and the platen roller.
5         Many of prior art thermal printers disclosed above       waste
portions of the transfer ribbon, labeling media or        both. Since the
labeling media and the transfer ribbon        are fed together at once, if
information is printed on a        part of a label, or if the labeling
media has a non-  10    printing section, that portion of the transfer
ribbon       which corresponds to the non-printed section is
wastefully advanced. One method of reducing this waste        is to reverse
direction of the ribbon to use the        previously wasted portion.  15
A tape printer as disclosed in EP-A-0641663 uses this method:
A more significant problem is wastefully         transferring labeling
media. After printing, labeling         media advances to a "cut" or
"dispense" position, which        requires advancing the labeling media
past a label that  20     could otherwise have been printed.  One method of
reducing this waste is to reverse direction of the ribbon         and
labeling media to use the previously wasted portion.        However,
reversing the ribbon can introduce ribbon        wrinkling which leads to
misprinted labels.  25                          SUMMARY OF THE INVENTION
The present invention is an apparatus and method for         reversing the
transfer ribbon direction without producing  30     ribbon wrinkling. A
delay is introduced in the labeling 



media and ink ribbon drive mechanism to pretension the            WO
99/44835                                      PCT/US99/02915
-4-        ribbon prior to feeding labeling media past the print
head. When the drive motor reverses direction, the drive        roller,
which moves the labeling media and ribbon, stalls        momentarily while
a take up spool spindle provides  5     tension in the ribbon in the
desired direction. This has        the effect of pulling all the slack out
of the ribbon web        before the labeling media and ribbon begin to feed
past        the print head. The introduction of the delay prevents
wrinkles from developing in the ink ribbon and being  10    pulled over the
print head.              The general objective of the present invention is
to        minimize wrinkling in the ink ribbon when the ribbon
direction of travel is reversed. By introducing a delay        between
reversing the direction of the ribbon and driving  15     the labeling
media past the print head, the transfer         ribbon is pulled tight and
free of wrinkles before the         labeling media and ribbon are fed past
the print head.         The preferred embodiment introduces the delay in a
stepping motor gear mechanism by incorporating a  20     predetermined
backlash in the gear mechanism of the         ribbon transmission system.
BRIEF DESCRIPTION OF THE DRAWINGS   25          Figure 1 is a perspective
view of a hand held label         printer which employs the present
invention;              Figure 2 is an exploded perspective view of the  



printer in Fig. 1;              Figure 3 is a section view of the printer
in Fig. 1  30     showing the ink ribbon and labeling media path;
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Figure 4 is a side view of a drive mechanism on the        print frame of
the printer in Fig. 1;              Figure 5 is an exploded perspective
view of the        backlash idler gear assembly in Fig. 4; and  5
Figure 6 is a perspective view of the print frame         assembly in Fig.
4.              DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS   10
Referring particularly to Figs. 1 and 2, a thermal         transfer
printing machine 10 which employs the preferred         embodiment of the
present invention includes a molded         plastic housing 2 that supports
a keyboard 4 on its front         surface and a display 6 positioned above
the keyboard 4.  15    A cavity 12 formed in the housing 2 above the
display 6         receives a spool 20 containing labeling media 22. The
labeling media 22 is formed as a roll which is carried by         the spool
20. The spool 20 is inserted into a receptacle         cavity 12 on the
printer 10 and the labeling media 22 is  20     threaded past a print head
8, as shown in Fig. 3. A cover         11 enclosing the spool 20 and
labeling media 22 in the         receptacle cavity 12 is pivotally attached
to the housing         2.              The labeling media 22 is comprised
of a carrier web  25     3 which supports a series of adhesive labels 1.
The         size, color, and type of label material carried by the 



spool 20 varies depending upon the particular print         application.
The labeling media 22 unrolls off the spool         20 as it is consumed by
the printer 10.           WO 99/44835
PCr/US99/02915                An ink ribbon cartridge 5, shown in Figs. 2,
3 and         6, having a thermal transfer ribbon 13 disposed within
the cartridge 5 is inserted into a cavity 15 in the side         of the
printing machine housing 2 and received by a print  5     frame assembly
40.  The ribbon cartridge 5, shown in Fig         2, rotatably accommodates
a supply spool 34 containing         the ribbon 13 for thermal transfer
printing onto a         labeling media 22 and the take up spool 32 for
taking up         the inked ribbon 13 as it is used in the thermal transfer
10     printing process.  When the direction of ink ribbon 13
travel is reversed, the ink ribbon 13 is taken up by the         supply
spool 34 and ribbon 13 is unwound from the take up         spool 32. The
ink ribbon cartridge as used with this         invention is fully described
in copending patent  15     application THERMAL TRANSFER RIBBON CARTRIDGE,
Attorney         Docket No. 180003.93660 filed simultaneously with the
present patent application and incorporated by reference         herein.
As shown in Fig. 3, a thermal print head 8 in the  20     printing machine
10 is arranged to cooperate with the         thermal transfer ribbon 13 and
the labeling media 22 such         that the print head 8 can print
characters or symbols on         the labeling media. This is described in
greater detail         in U.S. Patent No. 5,078,523 which is incorporated
herein  



25     by reference.              More specifically, a cam mechanism (not
shown)         within the printing machine 10 urges the print head 8
into close abutting relation with the labeling media 22         and ribbon
13 captured between a drive roller 30 and the  30    print head B.
Circuitry in the printing machine 10           WO "144335
PCTeS9"/02915                                    -7        drives the drive
roller 30 and a take up spool 32 to        advance the labeling media 22
and ribbon 13. When a        desired character is input by an operator or
other means,        the electronics of the machine 10 energizes pixels on
the   5    thermal transfer head 8 as the labeling media 22 and
ribbon 13 advance past the head 8. The head pixels are        variously
energized to imprint the character on the        labeling media 22. This is
described in greater detail        in U.S. Patent No. 5,078,523 which has
been incorporated  10     herein by reference.              Referring to
Figs. 4 and 6, drive spindles, 42 and         43, of a bidirectional
stepping motor gear mechanism 21         mounted on a U-shaped print frame
47 rotatably drive the         appropriate spool of the cartridge 5 to take
up and  15     supply the ink ribbon 13 past the print head 8.  The
stepping motor gear mechanism 21 is engageably driven by         a stepping
motor 72 mounted in the print frame assembly         40. The print frame
assembly 40 is mounted within the         printing machine housing 2.  20
The labeling media 22 and ribbon 13 are advanced         past the print
head 8 by a drive roller 30 that maintains         the ribbon 13 and
labeling media 22 in close cooperation 



with the print head 8. As fully described below, the         drive roller
30 is rotatably driven by a bidirectional  25     stepping motor 72 shown
in Fig. 6.              In order to minimize wrinkling when the ink ribbon
13 reverses direction, a delay is introduced in the         bidirectional
stepping motor gear mechanism 21 to         pretension the ribbon 13 prior
to feeding labeling media  30    22 and ribbon 13 past the print head 8.
The essence of           WO 99/44835
PCT/US99/02915                                    -8-         the invention
is the delay between reversing the ink         ribbon tension and the
rotation of the drive roller 30.         When the stepping motor 72
reverses direction, the drive         roller 30, which advances the
labeling media 22 and   5    ribbon 13, stalls momentarily while the
spindle 42 or 43         that will drive the spool, winding ribbon thereon,
begins         pulling the ribbon 13 in the desired direction. This has
the effect of pulling all the slack out of the ribbon 13         before the
labeling media 22 and ribbon 13 begin to feed  10    past the print head 8.
The introduction of the delay         prevents wrinkles from developing in
the ink ribbon 13         and being pulled over the print head 8.
By energizing the drive motor 72 prior to engaging         the drive roller
30, extra motor movement is required to  15    properly position the
labeling media 22 and ribbon 13. In         order to properly position the
labeling media 22 after         the ribbon 13 tension has been reversed,
the extra motor         movement must be taken into account. In the
preferred         embodiment shown in Fig. 4, additional stepping motor 20
steps are added to compensate for the known backlash in 



the gear mechanism 21, thus returning the labeling media         22 and
ribbon 13 to the position prior to advancement to         the cutting or
dispensing position.              Looking at Fig. 4, the delay between
reversing the 25     ribbon 13 tension and reversing the labeling media 22
and         ribbon 13 movement is accomplished by incorporating a
backlash idler gear assembly 92 in the stepping motor         gear
mechanism 21. In particular, as shown in Figs. 4 and         6, a stepping
motor 72 mounted to the inside of a U- 30     shaped print frame 47 has a
rotatable shaft 80 extending           WO 9944335
PCT/US99/02915         through a wall of the print frame 47. A pinion 82
mounted on the rotatable shaft 80 engages outer gear        teeth 84 of a
motor idler gear 86 rotatably mounted to        the print frame 47. Inner
gear teeth 88 of the motor  5     idler gear 86 engage an outer backlash
gear 90 of the        backlash idler gear assembly 92.
Referring particularly to Fig. 5, the backlash         idler gear assembly
92 comprises the outer backlash gear         90 and an inner backlash gear
94. The inner backlash  10    gear 94 is mounted for rotation about the
same axis 96 as         the outer backlash gear 90. Extensions 98 formed on
one         face of the inner backlash gear 94 extends axially
through corresponding slots 100 formed in the face of the         outer
backlash gear 90. When the outer backlash gear 90  15     is rotated, the
extensions 98 couple the rotational         motion to the inner backlash
gear 94. However, because         these extensions 98 are smaller than the
slots 100, when         this gear 90 changes direction, the gear 94 is not
driven         for a short interval. This interval is determined by the 



20     relative sizes of the extensions 98 and slots 100.
Referring back to Figs. 4 - 6, in order to advance         the labeling
media 22 and ribbon 13, the inner backlash         gear 94 engages a drive
roller gear 70 that is rotatably         mounted on the print frame 47 and
rigidly attached to the  25     drive roller 30.  The drive roller 30 also
urges the ink         ribbon 13 and labeling media 22 in close proximity to
the         print head 8 along the ribbon and media paths while
advancing the labeling media 22 and ribbon 13 past the         print head 8
during the printing process.           WO 99/44835
PCT/US99102915                                 - 10 -             The
stepping motor gear mechanism 21 rotatably        drives the take up and
supply spools, 32 and 34, by        rotatably engaging drive spindles. The
outer backlash        gear 90 engages a pair of idler gears, 102 and 106,
5     rotatably mounted to the print frame 47.  The first idler        gear
102 of the pair of idler gears engages a take up        spool spindle gear
104. The second idler gear 106 of the        pair of idler gears engages
the supply spool spindle gear        108. The spindle gears, 104 and 108
drivingly engage the  10     spindles, 42 and 43, through spring clutches,
110 and 112        combined with one-way roller clutches (not shown) which
are internal to the spindles, 42 and 43.              Spindle gears, 104
and 108, are sized to "overdrive"         the spools, 32 and 34. In the
forward direction, spool  15     32 is overdriven when it can take up the
ribbon 13 faster         than the drive roller 30 can feed the ribbon 13,
thereby         creating a tension in the ribbon 13 between the drive
roller 30 and the take up spool 32.  When the spindle 42 



is driving the spool 32 taking up the ribbon 13, the  20     resistance of
the slip clutch 112 determines how much         tension is in the ribbon 13
past the drive roller 30. In         the reverse direction,  spool 34 takes
up the ribbon 13         and slip clutch 110 determines how much tension is
in the         ribbon 13 past the drive roller 30.  25          When the
spindle is acting as the supply, the ribbon         spool is rotating
freely compared to the spool taking up         the ribbon. In the forward
direction, the tension on the         ribbon 13 between the drive roller 30
and the supply         spool 34 is then determined by the drag on the spool
34  30    provided the components inside the cartridge 5.  In the
WO 99/44835                                      PCT/US99/02915
- 11. -        reverse direction, spool 32 acts as the supply spool and
the drag on the spool 32 provided by the cartridge 5        components
determines the ribbon tension as the ribbon        feeds toward the print
head 8. The ink cartridge 5 is  5     fully described in copending
application THERMAL TRANSFER        RIBBON CARTRIDGE, Attorney Docket No.
180003.93660 filed        simultaneously with the present patent
application which        has been incorporated by reference herein.
The delay introduced into the gear mechanism 21 by  10     the backlash
gear assembly 92 ensures that tension is        maintained in the ribbon 13
on both sides of the print        head 8 when the labeling media 22 and
ribbon 13 reverses        direction. The presence of the ribbon tension
reduces        wasting labeling media 22 by minimizing the possibility  15
of a ribbon wrinkle passing over the print head 8.                   The
present embodiment does not advance or 



reverse the labeling media and ribbon independent of each         other,
therefore conserving ink ribbon is not an         objective of the
embodiment. However, it should be  20     understood that the present
invention of introducing a         delay between reversing the ribbon
tension and the         advancing the ribbon in the reverse direction will
minimize ribbon wrinkling whether or not the ribbon and         labeling
media are capable of advancing and reversing  25     independent of each
other.              various methods known in the art may be used to
practice the present invention as claimed herein. The         preferred
embodiment introduces the delay in a stepping         motor gear mechanism
by introducing a predetermined  30    backlash in the gear mechanism of the
ribbon transmission        WO 99144835
PCT/US99102915                              - 12 -    system, however, a
pulley and belt system is another    arrangement that could be used.
While there has been shown and described what are at    present considered
the preferred embodiment of the    invention, it will be obvious to those
skilled in the art    that various changes and modifications can be made
therein without departing from the scope of the invention    defined by the
appended claims.                                         13     



CLAIMS       1.   In a hand held label printer in which an ink ribbon and
labeling media can reverse feed direction, a method for  5 maintaining ink
ribbon tension when reversing feed direction      comprising:
stopping ink ribbon motion from a first rotating spool to a      second
rotating spool by stopping a drive mechanism;           rotating said first
spool in the reverse direction to 10 tension said ink ribbon;
waiting for an interval of time; and then          engaging said drive
mechanism to move the ink ribbon in the      reverse direction from said
second spool to said first spool.   15  2.   The method as recited in claim
1 in which the engagement of      said drive mechanism to move the ink
ribbon also moves the     labeling media.       3.   The method as recited
in claim 1 in which rotation of said  20 first spool to tension the ink
ribbon is also performed by the     drive mechanism.       4.   The method
as recited in claim 3 in which the interval of     time is produced by
backlash gear in the drive mechanism. 25      5.   The method as recited in
claim 3 in which the drive      mechanism includes a stepping motor that
rotates a predetermined     number of steps to tension the ribbon during
the interval of time      and that moves the ink ribbon a prescribed number
of steps after 30 the drive mechanism engages.       6.   In a hand held
label printer in which an ink ribbon and     labeling media can reverse
feed direction, a method for                                           14
maintaining ink ribbon tension when reversing feed direction 



comprising:            stopping an ink ribbon from unwinding from a first
rotating       spool and winding onto a second rotating spool;   5
rotating said first spool in a direction for winding the ink       ribbon
thereon to tension said ink ribbon; and then            rotating said
second spool an interval of time after said       first spool begins
rotating to unwind the ink ribbon from said       second spool and wind the
ink ribbon onto said first spool,  10  wherein said second spool rotates
freely relative to said first       spool as ink ribbon unwinds from said
second spool.        7.   The method as recited in claim 6 in which said
spools are       rotated by a drive mechanism to move the ink ribbon which
also  15  moves the labeling media.       8.   The method as recited in
claim 6 in which rotation of said      first spool to tension the ink
ribbon is performed by a drive      mechanism.  20      9.   The method as
recited in claim 6 in which the interval of      time is produced by a
backlash gear in a drive mechanism.       10.  The method as recited in
claim 7 in which the drive  25  mechanism includes a stepping motor that
rotates a predetermined      number of steps to tension the ribbon during
the interval of time      and that moves the ink ribbon a prescribed number
of steps after      the drive mechanism engages.   30  11.  In a hand held
label printer in which an ink ribbon and      labeling media can reverse
feed direction, a method for      maintaining ink ribbon tension when
reversing feed   direction       



15             stopping an ink ribbon from moving in a first direction from
a first rotating spool to a second rotating spool by stopping a     drive
mechanism;          rotating said first spool to tension said ink ribbon in
a 5 direction opposite from said first direction; and           disengaging
said drive mechanism from said second spool an     interval of time after
said first spool begins rotating, wherein     said second spool rotates
freely relative to said first spool as     ink ribbon unwinds from said
second spool. 10     12. A bidirectional ribbon transmission system
comprising:          a bidirectional motor having a rotating shaft;
an outer backlash gear rotatably driven by rotation of the     motor shaft;
15       an inner backlash gear engaged with the outer backlash gear
for rotation by said outer backlash gear, wherein the engagement
between the outer and inner backlash gears provides an interval     during
which the inner backlash gear is not rotated each time the     outer
backlash gear changes direction of rotation; 20       means driven by said
outer backlash gear for rotating drive      spindles to take up an ink
ribbon advanced past a print head; and          a drive roller means driven
by said inner backlash gear for     moving said ribbon and labeling media
past said print head.   25  13.  A bidirectional ribbon transmission system
as in claim 12     wherein the engagement between said outer backlash gear
and the     inner backlash gear is provided by slots formed in a face of
one     of said gears and extensions formed on a face of the other gear
and wherein said extensions extend into said slots and the 30  interval is
produced by forming the slots larger than the     extensions.       14. A
bidirectional ribbon transmission system as in claim 12 or     13 in which
the means driven by the outer backlash gear includes
16     a pair of spindle idler gears having individual slip clutches,
wherein said ribbon is overdriven causing one of said clutches to  slip
when said clutch is driving one of said spindles taking up  said ribbon.


