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(67)  Amethod of inspecting a wire harness, includes
steps of: switching an image corresponding to an assem-
bly step of the wire harness in accordance with an ad-
vancement of the assembly step to display the image on
a display unit; reading connector identification informa-
tion attached to a connector to be connected to an electric
cable configuring the wire harness and connector iden-
tification information displayed on a connector image in-
cluded in the image; determining whether or not the read
connector identification information attached to the con-
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nector and the read connector identification information
displayed on the connector image match each other;
making a correspondence between a determination re-
sult and identification information about an assembly
product of the wire harness, and accepting the determi-
nation result as operation history information for each
assembly step; and inspecting the assembly product of
the wire harness on the basis of the operation history
information for each assembly step.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from
Japanese Patent Application No. 2015-179470 filed on
September 11, 2015, the content of which is hereby in-
corporated by reference into this application.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a method of
inspecting a wire harness.

BACKGROUND OF THE INVENTION

[0003] In an assembly of a wire harness, generally, a
full scale drawing of a wire harness is adhered to an as-
sembly drawing board to make a wiring board, and the
wiring board attached with a wiring board jig is used. An
operation procedure of assembly and operation instruc-
tion such as instruction on attachment of accessory com-
ponents are indicated in the full scale drawing, and an
operator wires electric cables in accordance with the op-
eration instructions, and an accessory component is at-
tached to a predetermined position of the wired electric
cable and electric cable bundle, so that a wire harness
is assembled.

[0004] However, since it is required to replace a full
scale drawing in accordance with a design change, a
wire harness assembly drawing apparatus without the
requirement of such an operation has been suggested
(for example, see Japanese Patent Application Laid-
Open Publication No. 2000-195352 (Patent Document
1)).

[0005] This wire harness assembly drawing apparatus
includes: a wiring board in which various jigs required for
assembly of a wire harness can be arranged; an assem-
bly jig attached to the wiring board and receiving the wired
electric cable; a screen arranged on a back surface of
the wiring board; and an optical projector for projecting
an image required for the assembly of the wire harness
on the back surface of the screen.

[0006] Images of assembly steps of the wire harness
are automatically switched in accordance with three
steps which are a wiring step of an electric cable, an
attachment step of an accessory component, and a tape
wrapping step.

SUMMARY OF THE INVENTION

[0007] However, a conventional wire harness assem-
bly drawing apparatus does not switch images in assem-
bly steps of the wire harness in accordance with the op-
eration step in the wiring step of the electric cable,. There-
fore, when electric cables having similar lengths to each
other are wired, there is a risk of a mistake in the electric
cable and a wiring position. The projected images do not
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include a connector image indicating a connector, and
therefore, there is a risk of a mistake in connection of
connectors. Further, generally, a wire harness is inspect-
ed while an inspector reads a wire harness operation
instruction document, and therefore, it is required to
shorten the inspection time and improve the reliability of
the inspection.

[0008] Accordingly, an object of the present invention
is to provide a method of inspecting a wire harness ca-
pable of shortening the inspection time and improving
the reliability of the inspection.

[1] A method of inspecting a wire harness, includes:
a step of switching an image corresponding to an
assembly step of the wire harness in accordance
with an advancement of the assembly step to display
the image on a display unit; a step of reading con-
nector identification information attached to a con-
nector to be connected to an electric cable configur-
ing the wire harness and connector identification in-
formation displayed on a connector image included
in the image; a step of determining whether or not
the read connector identification information at-
tached to the connector and the read connector iden-
tification information displayed on the connector im-
age match each other; a step of making a corre-
spondence between adetermination resultand iden-
tification information about an assembly product of
the wire harness, and accepting the determination
result as operation history information for each of the
assembly steps; and a step of inspecting the assem-
bly product of the wire harness on the basis of the
operation history information for each of the assem-
bly steps.

[2] A method of inspecting a wire harness, includes:
a step of switching an image corresponding to an
assembly step of the wire harness in accordance
with an advancement of the assembly step to display
the image on a display unit; a step of reading electric
cable identification information attached to an elec-
tric cable configuring the wire harness and electric
cable identification information displayed on an elec-
tric cable image included in the image; a step of de-
termining whether or not the read electric cable iden-
tification information attached to the electric cable
and the read electric cable identification information
displayed on the electric cable image match each
other; a step of making a correspondence between
a determination result and identification information
about an assembly product of the wire harness, and
accepting the determination result as operation his-
tory information for each of the assembly steps; and
a step of inspecting the assembly product of the wire
harness on the basis of the operation history infor-
mation for each of the assembly steps.

[3] A method of inspecting a wire harness, includes:
a step of switching an image corresponding to an
assembly step of the wire harness in accordance
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with an advancement of the assembly step to display
the image on a display unit; a step of reading electric
cable identification information attached to an elec-
tric cable configuring the wire harness and electric
cable identification information displayed on an elec-
tric cable image included in the image; a step of de-
termining whether or not the read electric cable iden-
tification information attached to the electric cable
and the read electric cable identification information
displayed on the electric cable image match each
other; a step of reading connector identification in-
formation attached to a connector to be connected
to an electric cable and connector identification in-
formation displayed on a connector image included
in the image; a step of determining whether or not
the read connector identification information at-
tachedto the connector and the read connector iden-
tification information displayed on the connector im-
age match each other; a step of making a corre-
spondence between a determination result about the
electric cable and the connector and identification
information about an assembly product of the wire
harness, and accepting the determination result as
operation history information for each of the assem-
bly steps; and a step of inspecting the assembly
product of the wire harness on the basis of the op-
eration history information for each of the assembly
steps.

[0009] According to the present invention, the inspec-
tion time can be shortened, and the reliability of the in-

spection can be improved.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0010]

FIG. 1is a cross-sectional view illustrating an exam-
ple of aconfiguration of an overview of awire harness
production apparatus according to a first embodi-
ment of the present invention;

FIG. 2 is a block diagram illustrating an example of
a control system of a management apparatus;

FIG. 3 is a block diagram illustrating an example of
a control system of a projector;

FIG. 4 is a block diagram illustrating an example of
a configuration of a barcode reader;

FIG. 5A is a diagram illustrating an example of a
configuration of an electronic pen system;

FIG. 5B is an external viewillustrating a configuration
of an overview of an electronic pen;

FIG. 6A is a front view illustrating an assembly jig
before it is attached to the screen;

FIG. 6B is a plan view of FIG. 6A;

FIG. 6C is a partial cross-sectional view illustrating
the assembly jig after it is attached to the screen;
FIG. 7A is a diagram illustrating an example of a
projection image of a first page;
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FIG. 7B is a diagram illustrating an example of a
projection image of a second page;

FIG. 7C is a diagram illustrating an example of a
projection image of a third page;

FIG. 7D is a diagram illustrating an example of a
projection image of a fourth page;

FIG. 7E is a diagram illustrating an example of a
projection image of a fifth page;

FIG. 8 is a cross-sectional view illustrating an exam-
ple ofa configuration of an overview of awire harness
production apparatus according to a second embod-
iment of the present invention;

FIG. 9A is a plan view of a principal part illustrating
a first modification of a screen; and

FIG. 9B is a cross-sectional view of a principal part
illustrating a second modification of the screen.

DESCRIPTIONS OF THE PREFERRED EMBODI-

MENTS

[0011] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the ac-
companying drawings. Note that components substan-
tially having the same function in each drawing are de-
noted by the same reference symbols, and the repetitive
description thereof will be omitted.

[First embodiment]

[0012] FIG. 1 is a cross-sectional view illustrating an
example of a configuration of an overview of a wire har-
ness production apparatus according to the first embod-
iment of the present invention.

(Entire configuration)

[0013] This wire harness production apparatus 1 in-
cludes: a screen 2; a housing 3 supporting a screen 2; a
plurality of (in the present embodiment, two) mirrors 4a,
4b arranged in the housing 3; a projector 5 that is also
arranged in the housing 3 and that projects a projection
image onto a back surface 2b of the screen 2 via the
mirrors 4a and 4b; a management apparatus 6 for man-
aging an assembly of a wire harness; a barcode reader
7 for reading a barcode; and an electronic pen system 8
having an electronic pen 80 for selecting or inputting in-
formation for a projection image projected on the screen
2. Note that the management apparatus 6 may be ar-
ranged in the housing 3. The number of mirrors is not
limited to two, but may be three or more. When the two
or more mirrors are provided, the housing 3 can be down-
sized in the depth direction.

[0014] Here, later-described projection means 50 of
the projector 5 and the screen 2 are an example of a
display unit. A "wire harness" is the one obtained by bun-
dling a plurality of electric cables and having a connector
or a terminal for connecting a print circuit board and a
device to both end portions of each electric cable. "A step
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of assembling the wire harness" includes, for example:
a step of attaching an assembly jig; a harness wiring step
including a step of wiring an electric cable and a step of
attaching a connector to both ends of the electric cable;
and a step of bundling the wired electric cables. Note that
the steps are not limited them. "A wire harness assembly
product" is the one that is assembled through the step of
assembling the wire harness.

[0015] For the screen 2, a transparent plate such as
an acryl plate and a glass plate can be used. The front
surface 2a of the screen 2 is formed as a smooth surface
so that, for example, the assembly jig 10 can be adhered
thereto by a negative pressure, and the back surface 2b
thereof is formed as a light scattering surface so that the
projection image can be visually checked from the front
surface 2a. Note that the screen 2 is not particularly lim-
ited as long as it is a back surface projection type. For
example, the screen 2 may be configured so that a light
scattering sheet is adhered to the back surface of the
transparent plate.

[0016] The projector 5 receives projection image data
from a communication unit 64 of the management appa-
ratus 6, and stores the projection image data in the mem-
ory 58, and starts projection of a projection image, feeds
or returns the projection image, erases the projection im-
age data, and performs others by operations of an input
unit 62 and the electronic pen 80, on the basis of a pro-
jection start signal, a page feeding signal, a page return-
ing signal, an assembly end signal, and others supplied
from the management apparatus 6.

[0017] The management apparatus 6 is achieved by,
forexample, a personal computer (PC). The detailed con-
figuration of the management apparatus 6 will be de-
scribed later.

[0018] The barcode reader 7 has a function of reading
abarcode, a function of determining whether the tworead
barcodes match each other or not, and a function of dis-
playing a determination result. The detailed configuration
of the barcode reader 7 will be described later.

[0019] The electronic pen system 8 includes an elec-
tronic pen 80 emitting infrared ray 81 and capable of se-
lecting a mode, an infrared ray sensor 82 receiving the
infrared ray 81 and outputting a light reception signal,
and a processing unit 83 outputting, to the management
apparatus 6, coordinate information on the front surface
2a of the screen 2 at the end portion of the electronic pen
80 and mode information indicating the mode on the basis
of the light reception signal from the infrared ray sensor
82. The detailed configuration of the electronic pen sys-
tem 8 will be described later. Here, the infrared ray sensor
82 and the processing unit 83 configure coordinate ob-
taining means.

(Configuration of management apparatus)
[0020] FIG.2isablockdiagramillustratingan example

of a control system of the management apparatus 6. The
management apparatus 6 is configured by a central
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processing unit (CPU) and others, and includes: a control
unit 60 for controlling each unit of the wire harness pro-
duction apparatus 1; a storage unit 61 storing various
pieces of information; an input unit 62 achieved by a key-
board, a mouse, or others; a display unit 63 achieved by
a liquid crystal display or others; and a communication
unit 64 for communicating with external apparatuses
such as the projector 5, the barcode reader 7, and the
processing unit 83 configuring the electronic pen system
8.

[0021] The storage unit 61 is configured by a read only
memory (ROM), arandom access memory (RAM), ahard
disk, and others, and stores a program 610 of the CPU,
projection image data 611, management data 612, and
others.

[0022] The CPU of the control unit 60 operates in ac-
cordance with the program 610, and controls each unit
of the management apparatus 6 and the entire wire har-
ness production apparatus 1.

[0023] To the projector 5, the control unit 60 transmits
a page feeding signal, a page returning signal, and an
assembly end signal on the basis of selection for a feed-
ing button 26b, a returning button 26¢, an end button 26d,
by the electronic pen 80. To the projector 5, the control
unit 60 transmits a projection start signal on the basis of
an operation for instructing a projection start by the input
unit 62. When an operator ID is input by an operation of
a numeric-key button 26e by the electronic pen 80, and
when the start button 26a and the end button 26d are
selected by the electronic pen 80, the control unit 60
stores the management information about the operator
ID, the assembly start date and time, and the assembly
enddate and timein a storage unit61 as the management
data 612 so as to correspond to a wire harness assembly
product ID.

[0024] The projectionimage data 611 is configured by
a plurality of pages corresponding to a wire harness as-
sembly product ID (identification information) for identi-
fying the wire harness assembly productand correspond-
ing to an assembly step and a detailed operation step in
the assembly step. The projection image data 611 in-
cludes a jig image displaying a position of the assembly
jig 10 that can be adhered to the front surface 2a of the
screen 2 by a negative pressure. The projection image
data 611 is previously corrected so that, when the pro-
jection image data 611 is projected onto the screen 2, it
is displayed in an undistorted square or rectangular
shape at the same magnification as much as the full scale
drawing of the wire harness. The projection image data
611 includes a step name, a content of a step, image
information as an image for displaying a button for an
operation instruction, character information as a charac-
ter for displaying an operation content of a step, and oth-
ers.

[0025] Into the storage unit 61, the management data
612 stores, for example, an operator ID (identification
information) for identifying an operator, a wire harness
assembly product ID, an operation start date and time
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(for example, date and time at which the start button is
selected by using the electronic pen 80), an operation
end date and time (for example, date and time at which
the end button is selected by using the electronic pen
80), a determination result about a barcode of an electric
cable and a connector, and others, so that they are cor-
responded to each other as history information.

(Configuration of projector)

[0026] FIG. 3isablockdiagramillustratingan example
of a control system of the projector 5. The projector 5 is
configured by the projection means 50 for projecting a
projectionimage, a CPU, and others, and includes a con-
trol unit 57 for controlling each unit of the projector 5, a
memory 58 for storing the projection image data 611
transmitted from the management apparatus 6.

[0027] The projection means 50 includes: three LED
light sources 51 emitting red color light, green color light,
and blue color light, respectively; three liquid crystal pan-
els 52 for R, G, B generating red color image light, green
color image light, and blue color image light upon receiv-
ing the red color light, the green color light, and the blue
color light emitted from the LED light sources 51, respec-
tively; a light source driving unit 53 for driving the LED
light source 51; a liquid crystal panel driving unit 54 for
driving the liquid crystal panel 52; a synthesis optical sys-
tem 55 for synthesizing the red color image light, the
green color image light, and the blue color image light
generated by the three liquid crystal panels 52; and a
projection lens 56 for projecting a projection image syn-
thesized by the synthesis optical system 55 onto the
screen 2 via the mirrors 4a and 4b.

[0028] When the control unit 57 of the projector 5 re-
ceives the projection image data transmitted from the
management apparatus 6, the control unit 57 of the pro-
jector 5 stores the projection image data into the memory
58. The control unit 57 reads the projection image data
of the first page from the memory 58 on the basis of a
projection start signal from the management apparatus
6, and projects a projection image onto the screen 2 on
the basis of the projection image data. The control unit
57 projects the projection image based on the projection
image data of the corresponding page onto the screen 2
on the basis of a page feeding signal or a page returning
signal from the management apparatus 6.

(Configuration of barcode reader)

[0029] FIG.4isablockdiagramillustratingan example
of a configuration of the barcode reader 7. The barcode
reader 7 is configured by a CPU and others, and includes:
a control unit 70 for controlling each unit of the barcode
reader 7; a barcode sensor 71 for optically reading the
barcode; a determination unit 72 for determining whether
or not the barcode attached to the electric cable or the
connector read by the barcode sensor 71 and the bar-
code displayed on the electric cable image or the con-
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nector image included in the projection image match
each other; a determination result display unit 73 for dis-
playing a determination result of the determination unit
72; and a communication unit 74 for transmitting a de-
termination result to the management apparatus 6 by us-
ing the control unit 70. Here, the barcode attached to the
electric cable or the connector and the barcode displayed
on the electric cable image or the connector image are
an example of the connector identification information.
The connector identification information is not limited to
one-dimensional code such as a barcode, and may be a
two-dimensional code such as a QR code (registered
trademark), a PDF 417, Data Matrix and Maxi Code, a
mechanically-readable code such as a unique code, and
a pattern such as a dot pattern. A plurality of types of
codes may be combined with each other in accordance
with the purpose.

[0030] When both of the barcodes match each other,
the determination result display unit 73 may generate a
sound such as "ding dong" indicating that the barcodes
match each other, and, when both of the barcodes do
not match each other, the determination result display
unit 73 may generate a sound such as "beep" indicating
that the barcodes do not match each other. Alternatively,
when both of the barcodes match each other, the deter-
mination result display unit 73 may turn on, for example,
a green color lamp, and, when both of the barcodes do
not match each other, the determination result display
unit 73 may turn on, for example, a red color lamp. Fur-
ther, a determination result may be displayed by using
both of the sound and the color.

(Configuration of electronic pen system)

[0031] FIG. 5A is a diagram illustrating an example of
a configuration of the electronic pen system 8, and FIG.
5B is an external view illustrating a configuration of an
overview of the electronic pen 80.

[0032] The electronic pen 80 includes: a cylindrical
case 80a; an end portion 80b having transparency and
provided so as to be able to come in and out at the end
side of the case 80a; alight emitting element 80c provided
inside the end portion 80b; a driving circuit (not illustrated)
for driving the light emitting element 80c; a pressure sen-
sor 80d for detecting the pressure received from the
screen 2 to the end portion 80b when the end portion 80b
comes into contact with the screen 2; an external switch
80e provided on the front surface of the case 80a; a cen-
tral processing unit (CPU) 80f provided inside the case
80a; and a battery such as a dry cell battery and a sec-
ondary battery provided inside the case 80a and supply-
ing electric power to each unit of the electronic pen 80.
Note that a contact sensor for detecting the contact be-
tween the end portion 80b and the screen 2 may be used
instead of the pressure sensor 80d.

[0033] The light emitting element 80c emits light ray
with a specific wavelength region, such as infrared ray
81, to the outside via the end portion 80b.
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[0034] The pressure sensor 80d has a function similar
to a click in a mouse. In the pressure sensor 80d, for
example, when the end portion 80b is lightly pressed
once against the front surface 2a of the screen 2, a left
click (for example, a selection mode) is performed, and,
when the end portion 80b is kept on being pressed for a
predetermined period of time (for example, two seconds)
or more, a right click (for example, an input mode) is
performed.

[0035] The external switch 80e has a function similar
to a click in a mouse. For example, when the external
switch 80e is lightly pressed once, a left click (for exam-
ple, a selection mode) is performed, and, when the ex-
ternal switch 80e is kept on being pressed for a prede-
termined period of time (for example, two seconds) or
more, a right click (for example, an input mode) is per-
formed.

[0036] The CPU 80fdetermines which of the selection
mode and the input mode is selected on the basis of the
pressure detected by the pressure sensor 80d, and con-
trols the driving circuit so as to cause the light emitting
element 80c to emit the infrared ray 81 in a pulse mod-
ulated in accordance with the selected mode. The CPU
80f determines which of the selection mode and the input
mode is selected on the basis of an operation of the ex-
ternal switch 80e, and controls the driving circuit so as
to cause the light emitting element 80c to emit the infrared
ray 81 in a pulse modulated in accordance with the se-
lected mode.

[0037] Theinfrared ray sensor 82 receives the infrared
ray 81 with the pulse modulated in accordance with the
mode, so that the position information and the mode on
the infrared ray sensor 82 at the end portion 80b of the
electronic pen 80 are detected, and a light reception sig-
nal including the position information and the mode are
output to the processing unit 83. As such an infrared ray
sensor 82, for example, the one having a filter through
which the infrared ray 81 can pass and a plurality of sen-
sor elements arranged in a matrix form at a back side of
the filter to detect the infrared ray 81 can be used. The
position information on the infrared ray sensor 82 corre-
sponds to the coordinate information on the screen 2.
[0038] The processing unit 83 converts the position in-
formation on the infrared ray sensor 82 into the coordi-
nate information on the screen 2 on the basis of a recep-
tion signal from the infrared ray sensor 82, and transmits
the coordinate information and the mode information in-
dicating the mode to the management apparatus 6.

(Operation of electronic pen system)

[0039] Next, an example of operation of the electronic
pen system 8 will be explained. When the end portion
80b of the electronic pen 80 is lightly pressed once
against the front surface 2a corresponding to a specific
portion (for example, a button) of the projection image
projected on the back surface 2b of the screen 2, the
pressure sensor 80d detects the pressure, and the de-
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tection result is sent to the CPU 80f. The CPU 80f deter-
mines that the selection mode is selected on the basis
of the pressure detected by the pressure sensor 80d, and
controls the driving circuit so as to cause the light emitting
element 80c to emit the infrared ray 81 in the pulse mod-
ulated in accordance with the selection mode. The light
emitting element 80c emits the infrared ray 81 in the pulse
modulated in accordance with the selection mode.
[0040] The infrared ray sensor 82 receives the infrared
ray 81 emitted from the light emitting element 80c, and
outputs the light reception signal to the processing unit
83. To the management apparatus 6, the processing unit
83 transmits the coordinate information on the screen 2
and the mode information indicating the selected mode
on the basis of the light reception signal from the infrared
ray sensor 82. The control unit 60 of the management
apparatus 6 recognizes that a button and others corre-
sponding to the coordinate information is selected on the
basis of the coordinate information and the mode infor-
mation which are output from the processing unit 83.
[0041] Whenalineisdrawn by pressing the end portion
80b of the electronic pen 80 against the front surface 2a
corresponding to a specific region of the projection image
projected on the back surface 2b of the screen 2 for a
predetermined time (for example, two seconds) or more,
the pressure sensor 80d detects the pressure, and sent
the detection result to the CPU 80f. The CPU 80f deter-
mines that the input mode is selected on the basis of the
pressure detected by the pressure sensor 80d, and con-
trols the driving circuit so as to cause the light emitting
element 80c to emit the infrared ray 81 in a pulse mod-
ulated in accordance with the input mode. The light emit-
ting element 80c emits the infrared ray 81 in the pulse
modulated in accordance with the input mode.

[0042] Theinfrared ray sensor 82 receives the infrared
ray 81 emitted from the light emitting element 80c, and
outputs a light reception signal to the processing unit 83.
To the management apparatus 6, the processing unit 83
transmits the continuous coordinate information (line in-
formation) on the screen 2 and the mode information in-
dicating the input mode on the basis of the light reception
signal from the infrared ray sensor 82. The control unit
60 of the management apparatus 6 recognizes that the
line indicated by the line information is input on the basis
of the line information and the mode information which
are output from the processing unit 83. Accordingly, for
example, the projection image data can be edited.

(Configuration of assembly jig)

[0043] FIG. 6A is a front view of the assembly jig 10
before it is attached to the screen 2, FIG. 6B is a plan
view of FIG. 6A, FIG. 6C is a partial cross-sectional view
of the assembly jig 10 after it is attached to the screen 2.
[0044] The assembly jig 10 includes: a dome-shaped
main body 11; a suction pad 12 arranged inside the main
body 11; a lever unit 13; a slide shaft 15 for supporting
the lever unit 13 so as to be rotatable around a support



11 EP 3 142 128 A1 12

shaft 14; and a seat unit 16 provided at the end of the
slide shaft 15 and fixing the slide shaft 15 to the suction
pad 12.

[0045] Ata center of the the main body 11, an opening
11a through which the slide shaft 15 penetrates so as to
be able to slide in an up-and-down direction is formed.
[0046] Theleverunit13includes:apairof supportpiec-
es 130 for supporting an electric cable or wire harness;
and a fulcrum unit 131 connected to the pair of support
pieces 130 and serving as the center of rotation of the
lever unit 13. In the fulcrum unit 131, a cam surface 131a
is formed. In the state as illustrated in FIG. 6A, the cam
surface 131ais in a non-contact state with the upper sur-
face of the main body 11. When the lever unit 13 is rotated
as illustrated in FIG. 6C, the cam surface 131a comes
into contact with the upper surface of the main body 11,
so that the slide shaft 15 is pulled upward. When the slide
shaft 15 is pulled upward, the central portion of the suc-
tion pad 12 is lifted upward, so that the space inside the
suctionpad 12 is expanded to cause a negative pressure,
and the assembly jig 10 is adhered to the front surface
2a of the screen 2.

[0047] Each of the main body 11, the lever unit 13, the
support shaft 14, the slide shaft 15, and the seat unit 16
is made of, for example, a resin or a metal. The suction
pad 12 is made of, for example, an elastic member such
as rubber.

(Assembly method)

[0048] Next, an example of an assembly method of a
wire harness assembly product will be explained with ref-
erence to FIGs. 7A to 7E. FIGs. 7A to 7E are diagrams
each illustrating an example of a projection image ob-
tained when the screen 2 is viewed from the front side.
Note that a case in which the wiring step is configured
by a wiring step for three wire harnesses.

[0049] A manager operates the input unit 62 of the
management apparatus 6 to input the wire harness iden-
tification information. The control unit 60 reads, from the
storage unit 61, the projection image data corresponding
to the wire harness identification information that is input
by the input unit 62, and transmits the projection image
data to the projector 5. The control unit 57 of the projector
5 stores the projection image data transmitted from the
management apparatus 6 into the memory 58. The man-
ager operates the input unit 62 of the management ap-
paratus 6 to instruct a projection start. The control unit
60 of the management apparatus 6 transmits a projection
start signal to the projector 5. The control unit 57 of the
projector 5 reads the projection image data of the first
page from the memory 58 on the basis of the projection
start signal, and controls the projection means 50 to
project a projection image onto the screen 2 on the basis
of the projection image data of the first page.
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(1) Assembly jig attachment step (including input of man-
agement information)

[0050] FIG. 7A is a diagram illustrating an example of
a projection image in an "assembly jig attachment" step
of the first page. The projection image 20 illustrated in
this drawing displays a step name 20a that is "assembly
jig attachment", a jig image 21 of the assembily jig 10
indicating an attachment position of the assembly jig 10,
a wiring instruction line 22 indicating a wiring position of
the electric cable, a start button 26a meaning a start of
an assembly operation of awire harness, afeeding button
26b instructing a page feeding, a returning button 26¢
instructing a page returning, an end button 26d indicating
an end of the assembly operation of the wire harness,
and a numeric keypad button 26e serving as buttons for
operation. At this time, the jig image 21 may be displayed
to be highlighted.

[0051] The operator operates the numeric keypad but-
ton 26e displayed on the screen 2 by using the electronic
pen 80 to input the operator ID identifying the operator.
The processing unit 83 transmits the coordinate informa-
tion and the mode information corresponding to the op-
erator ID to the management apparatus 6. Subsequently,
the operator selects the start button 26a displayed on the
screen 2 by using the electronic pen 80. To the manage-
ment apparatus 6, the processing unit 83 transmits the
coordinate information and the mode information indicat-
ing the mode corresponding to the start button 26a. The
control unit 60 of the management apparatus 6 stores
the management information about the operation start
date and time and the operator ID into the storage unit
61 as the management data 612 so as to correspond to
the wire harness assembly product ID on the basis of the
coordinate information and the mode information trans-
mitted from the processing unit 83.

[0052] The operator confirms the step name 20a that
is the "assembly jig attachment" in the projected projec-
tion image 20, and attaches the assembily jig 10 at the
position of the jig image 21 projected on the screen 2.
When the operator finishes the attachment operation of
the assembly jig 10, the operator performs an operation
to select the feeding button 26b by using the electronic
pen 80. To the management apparatus 6, the processing
unit 83 transmits the coordinate information and the
mode information indicating the selection mode corre-
sponding to the feeding button 26b. The control unit 60
ofthe managementapparatus 6 recognizes that the feed-
ing button 26b is selected on the basis of the coordinate
information and the mode information that is output from
the processing unit 83, and transmits a page feeding sig-
nal to the projector 5.

(2) Wiring step of harness 1
[0053] The control unit 57 of the projector 5 reads pro-

jection image data of the second page from the memory
58 on the basis of the page feeding signal from the man-
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agement apparatus 6, and controls the projection means
50 to project the projection image based on the projection
image data of the second page onto the second screen
2. The page is similarly fed in the harness wiring step
described later.

[0054] FIG. 7B is adiagram illustrating a projection im-
age of a "harness 1 wiring" step of the second page. The
projection image 20 illustrated in the drawing displays
not only the step name 20a "harness 1 wiring", the jig
image 21, and the wiring instruction line 22 as similar to
FIG. 7A, but also an electric cable image 23a including
abarcode 28a, connectorimages 24a, 24bincluding con-
nector types and barcodes 27a, 27b, and buttons 26a to
26e for operation. At this time, the electric cable image
23aandthe connectorimages 24a, 24b may be displayed
to be highlighted. In the wiring step, note that the speci-
fication of the electric cable (type, color, length, and oth-
ers) is displayed on the projection image. The same goes
for the following wiring step.

[0055] The operator confirms the step name 20a "har-
ness 1 wiring" of the projected projection image 20, se-
lects an electric cable having a similar color to and having
almost the same length as the electric cable image 23a,
and arranges the selected electric cable on the electric
cable image 23a passing through a portion between the
pair of support pieces 130 of the assembly jig 10. At this
time, the operator confirms that an electric cable number
displayed on a tag attached to the electric cable matches
an electric cable number (not illustrated) displayed on
the electric cable image 23a. Next, by using the barcode
reader 7, the operator reads the barcode 28a put on the
electric cable number at each of the tag side of the electric
cable and the electric cable image 23a side. The deter-
mination unit 72 determines whether the barcodes 28a
match each other or not, the determination result display
unit 73 displays a determination result to notify the oper-
ator of the determination result. The control unit 70 of the
barcode reader 7 transmits the determination result to
the management apparatus 6 via the communication unit
74.

[0056] Next, the connectors corresponding to the con-
nector images 24a and 24b are connected to both ends
of the electric cable. At this time, the operator confirms
that the connector numbers attached to the connector
match with the connector numbers displayed on the con-
nector images 24a and 24b, and then, the operator con-
nects the connectors. More specifically, by using the bar-
code reader 7, the operator reads the barcodes 27a and
27b put on the connector numbers on the connector side
and on the connector images 24a, 24b side. The deter-
mination unit 72 determines whether the barcodes match
each other or not, the determination result display unit
73 displays a determination result to notify the operator
of the determination result. The control unit 70 of the bar-
code reader 7 transmits the determination result to the
management apparatus 6 via the communication unit 74.
[0057] The control unit 60 of the management appa-
ratus 6 receives the determination result about the con-
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nector and the electric cable via the communication unit
64, and stores the determination result together with the
step name into the management data 612 as the history
information. The reading of the barcode, the display of
the determination result, and the storage of the history
information are similarly performed in the wiring step of
the harness described later.

[0058] The wiring of the harness 1 is finished as de-
scribed above. When the operator finishes the wiring of
the harness 1, the operator selects the feeding button
26b by using the electronic pen 80. The management
apparatus 6 transmits a page feeding signal to the pro-
jector 5 on the basis of the mode information and the
coordinate signal received from the processing unit 83.

(3) Wiring step of harness 2

[0059] The control unit 57 of the projector 5 reads the
projection image data of the third page from the memory
58 on the basis of the page feeding signal from the man-
agement apparatus 6, and controls the projection means
50 to projects a projection image based on the projection
image data of the third page onto the screen 2.

[0060] FIG. 7Cis adiagram illustrating a projection im-
age of a "harness 2 wiring" step of the third page. The
projection image 20 illustrated in the drawing displays
not only a step name 20a "harness 2 wiring", a jig image
21, and a wiring instruction line 22 as similar to FIG. 7A,
but also electric cable images 23b, 23c including bar-
codes 28b, 28c, connector images 24c, 24d, 24e includ-
ing connector types and barcodes 27c to 27e, and but-
tons 26a to 26e for operation, and further displays a tape
image 25 indicating a tape. At this time, the electric cable
images 23b, 23c, the connector images 24a to 24e, and
the tape image 25 may be displayed to be highlighted,
or only the tape image 25 may be displayed to be high-
lighted. Note that the image of the harness 1 is not dis-
played.

[0061] The operator confirms the step name 20a "har-
ness 2 wiring" of the projected projection image 20, se-
lects two electric cables having a similar color to and
having almostthe same length as the respective two elec-
tric cable image 23b and 23c, and arranges the selected
two electric cables on the electric cable images 23b and
23c passing through a portion between the pair of support
pieces 130 of the assembly jig 10. At this time, the oper-
ator confirms that electric cable numbers displayed on a
tag attached to the electric cables match electric cable
numbers displayed on the electric cable images 23b and
23c.

[0062] Next, the connectors corresponding to the con-
nector images 24c, 24d, and 24e are connected to both
ends of the two electric cables. At this time, the operator
confirms that the connector numbers attached to the con-
nectors match with the connector numbers displayed on
the connector images 24c, 24d, and 24e, and then, the
operator connects the connectors. Next, the electric ca-
bles are bundled by wrapping the tape at a plurality of
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positions where the tape image 25 is displayed. Note that
the wrapping operation of the tape may be performed in
a later step, for example, in a step of bundling the electric
cables.

[0063] The wiring of the harness 2 is finished as de-
scribed above. When the operator finishes the wiring of
the harness 2, the operator selects the feeding button
26b by using the electronic pen 80. The management
apparatus 6 transmits a page feeding signal to the pro-
jector 5 on the basis of the mode information and the
coordinate signal transmitted from the processing unit 83.

(4) Wiring step of harness 3

[0064] The control unit 57 of the projector 5 reads pro-
jection image data of the fourth page from the memory
58 on the basis of the page feeding signal from the man-
agement apparatus 6, and controls the projection means
50 to project the projection image based on the projection
image data of the fourth page onto the second screen 2.
[0065] FIG. 7Dis adiagramillustrating a projection im-
age of a "harness 3 wiring" step of the fourth page. The
projection image 20 illustrated in the drawing displays
not only the step name 20a "harness 3 wiring", the jig
image 21, and the wiring instruction line 22 as similar to
FIG. 7A, but also an electric cable image 23d including
a barcode 28d, connector images 24f, 24g including con-
nector types and barcodes 27f, 27g, and buttons 26a to
26e for operation. At this time, the electric cable image
23d and the connectorimages 24f, 24g may be displayed
to be highlighted. Note that the images of the harnesses
1 and 2 are not displayed.

[0066] Inaccordance with the step name 20a "harness
3 wiring" of the projected projection image 20, the oper-
ator selects an electric cable having a similar color to and
having almostthe same length as the electric cable image
23d, and arranges the selected electric cable on the elec-
tric cable image 23d passing through a portion between
the pair of support pieces 130 of the assembly jig 10. At
this time, the operator confirms that an electric cable
number displayed on a tag attached to the electric cable
matches an electric cable number displayed on the elec-
tric cable image 23d.

[0067] Next, the connectors corresponding to the con-
nector images 24f and 24g are connected to both ends
of the electric cable. At this time, the operator confirms
that the connector numbers attached to the connector
match with the connector numbers displayed on the con-
nector images 24f and 24g, and then, the operator con-
nects the connectors.

[0068] The wiring of the harness 3 is finished as de-
scribed above. When the operator finishes the wiring of
the harness 3, the operator selects the feeding button
26b by using the electronic pen 80. The management
apparatus 6 transmits a page feeding signal to the pro-
jector 5 on the basis of the mode information and the
coordinate signal received from the processing unit 83.
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(5) Step of bundling electric cables

[0069] The control unit 57 of the projector 5 reads the
projection image data of the fifth page from the memory
58 on the basis of the page feeding signal from the man-
agement apparatus 6, and controls the projection means
50 to projects a projection image based on the projection
image data of the fifth page onto the screen 2.

[0070] FIG. 7Eis adiagram illustrating a projection im-
age of an "electric cable bundling" step of the fifth page.
The projection image 20 illustrated in the drawing dis-
plays notonly a step name 20a " electric cable bundling "
and a jig image 21 as similar to FIG. 7A, but also electric
cableimages 23ato23d of allharnesses 1to 3, connector
images 24a to 24g, and buttons 26a to 26e for operation,
and further displays a tube image 26 indicating a tube
with a slit. Note that the tube image 26 is displayed to be
highlighted so as to be highly visible.

[0071] The operator confirms the step name 20a "elec-
tric cable bundling" of the projected projection image 20,
bundles the electric cables at the position of the tube
image 26 by using the tube with the slit.

[0072] The wire harness assembly product is complet-
ed as described above. When the operator completes
the wire harness assembly product, the operator selects
the end button 26d by using the electronic pen 80. The
management apparatus 6 transmits an assembly oper-
ation end signal to the projector 5 on the basis of the
mode information and the coordinate signal transmitted
from the processing unit 83, and registers an assembly
end date and time into the memory 58.

[0073] The control unit 57 of the projector 5 erases the
projection image data stored in the memory 58 on the
basis of the assembly end signal from the management
apparatus 6.

(Action and effect of first embodiment)

[0074] According to the firstembodiment, the following
action and effect are achieved.

(a) When an electric cable is wired on a screen, a
barcode displayed on a tag attached to the electric
cable and a barcode displayed on an electric cable
image included in a projection image are read, and
a determination result as to whether the barcodes
match each other or notis used as history information
in inspection, and therefore, the inspection time can
be shortened, and the reliability of the inspection can
be improved.

(b) When a connector is connected to an electric
cable, a barcode attached to the connector and a
barcode displayed on a connector image included in
a projection image are read, and a determination re-
sult as to whether the barcodes match each other or
not is used as history information in inspection, and
therefore, the inspection time can be shortened, and
the reliability of the inspection can be improved.



17 EP 3 142 128 A1 18

(c) Since an assembly jig is attached to a screen by
suction, risks of damage on the screen and breaking
of the assembly jig become small, so that the attach-
ment operation becomes easy.

[Second embodiment]

[0075] FIG. 8 is a cross-sectional view illustrating an
example of a configuration of an overview of a wire har-
ness production apparatus according to the second em-
bodiment of the present invention. In the first embodi-
ment, one screen 2 and a projector 5 are used as the
display unit. However, in the second embodiment, two
screens 2F, 2R and a projector 5 are used, and others
are configured as similar to those of the first embodiment.
[0076] A wire harness production apparatus 1 accord-
ing to the present embodiment includes: two screens 2F,
2R; one housing 3a for supporting the screens 2F, 2R;
a half mirror 4c arranged inside the housing 3a; a pro-
jector 5 also arranged inside the housing 3a and project-
ing a projection image onto each of back surfaces 2b of
the two screens 2F, 2R via the half mirror 4c; a manage-
ment apparatus 6 for managing assembly of a wire har-
ness; and two electronic pen systems 8 having an elec-
tronic pen 80 for selecting or inputting information to a
projection image projected on the screens 2F, 2R.
[0077] The half mirror 4c allows the projection image
of the projector 5 to pass through to project the projection
image onto the screen 2F, and allows the projection im-
age of the projector 5 to reflect and project the projection
image onto the screen 2R. Note that intensities of the
reflection light and the transmission light of the half mirror
4c are assumed to be almost the same as each other.

(Action and effect of second embodiment)

[0078] According to the second embodiment, the
above-described (a) to (c) actions and effects can be
achieved as similar to those of the first embodiment, and
besides, the wire harness production efficiency can be
improved since the number of screens is two to allow the
operations at the same time.

[First modification]

[0079] In each of the above-described embodiments,
those that are adhered to the front surface of the screen
by a negative pressure have been explained as the as-
sembly jig. However, a screen having a property in which
the assembly jig is magnetically adhered to a surface of
the screen by a magnetic force may be used.

[0080] FIG. 9A is a plan view of a principal part illus-
trating a first modification of the screen. As illustrated in
FIG. 9A, as the screen 2 having the magnetic adhesion
property, a screen obtained by arranging metal lines 2¢
in a matrix form may be used. In this case, for example,
an assembly jig having a permanent magnet provided to
be rotatable and a knob for rotating the permanent mag-
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net to turn ON and OFF the magnetic force can be used.
When the assembly jig is adhered to the front surface 2a
of the screen 2, the knob is rotated to turn ON the mag-
netic force. When the assembly jig is detached from the
screen 2, the knob is rotated to turn OFF the magnetic
force. Note that an electric magnet may be used instead
of the permanent magnet.

[Second maodification]

[0081] FIG. 9B is a plan view of a principal part illus-
trating a second modification of the screen. As illustrated
in FIG. 9B, a screen obtained by forming a transparent
sheet 2d containing magnetic powder 2c¢ on the front sur-
face 2a of the screen 2 may be used. In this case, the
same assembly jig as that of the first modification is used.

[Third modification]

[0082] In the above-described embodiment, the pro-
jection image data is prepared for each assembly step.
However, as the projection image data 611, an object
(including text) which is to be projected may be changed
for each assembly step. The image can be switched for
each page in a step of rough classification, and for each
object in a step of fine classification.

[Fourth modification]

[0083] In the above-described embodiment, the pro-
jection image is switched on the basis of the operation
of the electronic pen 80. However, the projector 5 may
be controlled to switch and display the projection image
for each of predetermined periods of time.

[Other modification]

[0084] Note that the embodiments of the present in-
vention are not limited to each of the above-described
embodiments, and various embodiments are applicable
within the scope of the gist of the present invention. The
image is switched in each of the wiring step of the harness
1, the wiring step of the harness 2, and the wiring step
of the harness 3 in each of the above-described embod-
iments. However, the image emphasized display such
as a highlight display may be provided so that a portion
related to the harness is visually prominent by reducing
the brightness of all the harnesses in the display but
brightly displaying only the portion related to the harness.
[0085] As the electronic pen system 8, other methods
may be used as long as a coordinate on the front surface
2a of the screen 2 can be read. For example, a pointing
device may be used, the pointing device emitting a point-
ing light (for example, infrared ray, laser light) from the
electronic pen onto the screen 2 without the contact of
the electronic pen with the screen 2, and detecting the
coordinate of the light emission point by using a camera.
[0086] The electronic pen system according to each of
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the above-described embodiments is the infrared ray
type using the electronic pen emitting the infrared ray
and using the infrared ray camera detecting the infrared
ray. However, an ultrasonic wave type using an electronic
pen emitting an ultrasonic wave and using a sensor de-
tecting the ultrasonic wave and a camera type using an
electronic pen having a camera and formed by adhering
a semi-transparent sheet having a special pattern lightly
printed thereon for identifying the coordinate of the elec-
tronic pen to the front surface 2a of the screen 2.
[0087] In each of the above-described embodiments,
the wire harness identification information is input by op-
erating the input unit 62 of the management apparatus
6. However, the wire harness identification information
may be input by operating the electronic pen 80.

[0088] Each ofthe above-described embodiments has
described the case of the usage of the screen and the
projector as the display unit. However, a liquid crystal
display, a touch panel display, and others may be used.
When the touch panel display is used, the electronic pen
system may not be used.

[0089] Some of the components of the embodiments
of the present invention may be omitted within the scope
of the gist of the present invention.

[0090] In the assembly steps of the above-described
embodiments, the steps may be added, eliminated,
changed, and replaced with the scope of the gist of the
present invention.

[0091] The presentinvention is applicable to a harness
for rail vehicle, a harness for automobile, a harness for
medical care, a harness inside a device, and others.

Claims

1. A method of inspecting a wire harness, comprising
steps of:

switching an image corresponding to an assem-
bly step of the wire harness in accordance with
an advancement of the assembly step to display
the image on a display unit;

reading connector identification information at-
tached to a connector to be connected to an
electric cable configuring the wire harness and
connector identification information displayed
on a connector image included in the image;
determining whether or not the read connector
identification information attached to the con-
nector and the read connector identification in-
formation displayed on the connector image
match each other;

making a correspondence between a determi-
nation result and identification information about
an assembly product of the wire harness, and
accepting the determination result as operation
history information for each of the assembly
steps; and
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inspecting the assembly product of the wire har-
ness on the basis of the operation history infor-
mation for each of the assembly steps.

2. A method of inspecting a wire harness, comprising
steps of:

switching an image corresponding to an assem-
bly step of the wire harness in accordance with
an advancement of the assembly step to display
the image on a display unit;

reading electric cable identification information
attached to an electric cable configuring the wire
harness and electric cable identification infor-
mation displayed on an electric cable image in-
cluded in the image;

determining whether or not the read electric ca-
ble identification information attached to the
electric cable and the read electric cable identi-
fication information displayed on the electric ca-
ble image match each other;

making a correspondence between a determi-
nation result and identification information about
an assembly product of the wire harness, and
accepting the determination result as operation
history information for each of the assembly
steps; and

inspecting the assembly product of the wire har-
ness on the basis of the operation history infor-
mation for each of the assembly steps.

3. A method of inspecting a wire harness, comprising
steps of:

switching an image corresponding to an assem-
bly step of the wire harness in accordance with
an advancement of the assembly step to display
the image on a display unit;

reading electric cable identification information
attached to an electric cable configuring the wire
harness and electric cable identification infor-
mation displayed on an electric cable image in-
cluded in the image;

determining whether or not the read electric ca-
ble identification information attached to the
electric cable and the read electric cable identi-
fication information displayed on the electric ca-
ble image match each other;

reading connector identification information at-
tached to a connector to be connected to the
electric cable and connector identification infor-
mation displayed on a connector image included
in the image;

determining whether or not the read connector
identification information attached to the con-
nector and the read connector identification in-
formation displayed on the connector image
match each other;
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making a correspondence between a determi-
nation result about the electric cable and the
connector and identification information about
an assembly product of the wire harness, and
accepting the determination result as operation
history information for each of the assembly
steps; and

inspecting the assembly product of the wire har-
ness on the basis of the operation history infor-
mation for each of the assembly steps.
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