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are key dimensions to keep the balls for smooth gear action, or to ensure smooth bearing action

for the balls along the rail.

For the pulley gear with ball slot in between the top cover 17 and bottom cover 18, the gear
function requires all ball slots to be well matched with the balls 11 from outside as indicated in
Fig 3. Viewed from the top as Fig 4, when the balls 11 are all matched into the slots 12, the
minimum circle (at diameter of Ds) formed by the outer most ball surface must be within a
design range, say Ds_max ~ Ds_min. If one or more slots are faulty, the engaged balls may not
able to rest within the quality control range of Ds_min ~ Ds_max. Such part will be considered

as ball slot defect parts.

To check out the ball slot defect parts of the fabricated pulley gears, conventional inspection
is often performed manually, with the aid of a GO (with the internal diameter of Ds_max) and a
No-Go (with the internal diameter of Ds_min) gauges. When the balls are all engaged into the
slots, those good parts will be able pass through the GO gauge, but cannot pass through the No-
Go gauge. Otherwise, the parts will be considered as defect parts.
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WO 2012/ 036625PCT/ SG2010/ 000340 However, the efficiency of manual nethod is

| ow and depends on operator's skill and workman ship, and is thus not
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i nspection balls 11 and ball | ower 43, and a rotary indexing stage 50.

The vision canera 30, lens 32 and lighting systemis positioned above the
pul | ey Heeaver, s 2QRIORGORAS Bclifabor Qd Chékdddfesolution. For relatively bigger part, for

example, Ds at 55mm, and higher pixel resolution, for example 10um/pixel, the vision
inspection system requires a large camera FOV (field of view) of about 60x60mm. To achieve
the 10um/pixel resolution, such camera needs to be at 36M Pixel resolution. Such inspection
system will be at much higher cost, and the image processing needs much longer time to find
out the functional dimensions. Also, the mechanical jig and fixture system for all the checking
balls is very complicated and high cost.

Another preferred embodiment (embodiment 2) of the invented apparatus to inspect the sample
pulley gear is indicated in Fig 6. It includes the vision system with camera 30, lens 32, lighting
35, control computer and the image capturing and imaging processing program, the jig and
fixtures 40 with the integrated inspection balls 11 and ball follower 43, and a rotary indexing
stage 50. The vision camera 30, lens 32 and lighting system is positioned above the pulley gear
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36 with the FOV 41 coves partial of the pulley gear 36, and the inspecting
ball 11 and the ball follower 43 as indicated in Fig 7. During the
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gear 36NHiEId |°2%(g§%‘ftf‘8n, and the fiducial cross mark 22 on the ball
follower 43. Since the horizontal distance fromthe cross mark 22 to the
checki al outer surface | eci.fied val rough the £
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DRAW N@#grived out. Further, the derived Ds value for each part will be stored into a computer database
and present into a graph and comparing to the top and bottom limit (Ds_max and Ds_min) for
easy product quality control. This kind of statistic QC data can further be used as reference to

predict the life time of the mold and die used in upper stream stamping process.

The method of vision inspection of the pulley gear or similar gear part using the balls to engage
to the internal slot or rail by a kind of pushing bar 21 or ball follower 43 with fiducial marks 22,
and then use vision system to capture the image of the gear and checking balls and jigs, then .=
computer program do imaging processing to find the reference feature, and thus derives out the

functional dimension Ds for the pulley gear 36 under inspection.



For a better understanding of the nature and objects of the present

i nvention, reference should be nade to the follow ng detail ed description
taken i n wonnex3se@8 with the foll ow ng drawi ngs in whi clrCTRIGE10D000330 a
sanple rotary pulley gear with one matching ball fromoutside. FIG 2 is a

sanpl e BRIEF PESERIPTION OF PHE DRAWINGSball fromoutside. FIG 3 is a
sanple rotary pulley gear with all matching balls engaged fromoutside. FIG

4 is the top view of the sanple pulley gear with all matching balls engaged
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of FOV o e vision s m of the ey gear e inspection balls and
jigs. Ilnth@}: S thelsorretrlc vi ew of the preferred enbodi ment with
i ndi cations of camera system pulley gear rotary indexing stage, and the

i nspecting, balls and the and .fixture Fi is the top view of the
preferr #ég b HOWPH{? g3k Beithve “&tcslli@ﬂ/l’% Zr?ﬁ’e‘“ﬁ%lﬁ%ra system and the
pul l ey gear and inspecting balls and the ball follower.

2012/ 0%8225 Egs(arsn r%%r? %934n0g with one matching ball from outside.

FIG. 3isa sample rotary pulley gear with all matching balls engaged from outside.

FIG 4 is the top view of the sample pulley gear with all matching balls engaged from outside,

and the indication of the functional dimension Ds.

FIG 5 is the top view of the vision inspection system embodiment 1 with indication of FOV of

the vision system of the pulley gear and the inspection balls and jigs.

Fig 6 is the isometric view of the preferred embodiment with indications of camera system,

pulley gear rotary indexing stage, and the inspecting balls and the jig and fixtures.

Fig 7 is the top view of the preferred embodiment with indications of FOV of the camera system

and the pulley gear and inspecting balls and the ball follower.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention may be
understood nore readily by reference to the follow ng detail ed description
of certaiwoertxadsérents of the invention. FIG 1 is a sawphscretbanysspul | ey
gear with one matching ball fromoutside. The pulley gear 10 has the

i nt er nPEDRAILEB DESCREPTIONOF THE ENYENTION h the balls 11 during
functioning. The ball slot 12 is fornmed in between the top cover 17 and
bottom cover 18. The top cover 17 and bottom cover 18 may be | aser wel ded
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all matching balls engaged fromoutside. FIG4 is the top view of the
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FOV 25"8?”‘@]1@11%65‘?’]6‘!% %t"@ﬁﬁ?}bﬁo the, Eotafng Ra)l ]detg?mi’@ts‘adr?d the i nspection balls
11 and jigs including the external pushing bars 21 and the vision fiducial
mark 2 Fig 6 is,the isopetric of t.he referr enbodi.ment 2 with
i ndi ca%f[(g'r#sg@fsa@é’t]fb m%y&ﬂ%n%%aﬁm‘h&w atphing b éﬁ?ﬂga%e P52 ICETﬁEens 32 and
i ghting system 35, the jig and fixtures 40 with the integrated inspection
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and the uci a s trrggered t
filter out the defect parts.

FIG 5 is the top view of the vision inspection system embodiment 1 with indication of FOV 25
of the vision system of the pulley gear 10 and the inspection balls 11 and jigs including the
external pushing bars 21 and the vision fiducial mark 22.

Fig 6 is the isometric view of the preferred embodiment 2 with indications of camera system
including the vision camera 30, lens 32 and lighting system 35, the jig and fixtures 40 with the
integrated inspection balls 11 and ball follower 43, and a rotary indexing stage 50.

For the inspection process, first, the pulley gear 36 may be loaded onto the shaft 51 of the rotary
indexing stage 50 manually or by an automatic picking and place unit. Then the inspecting ball
11 and the ball follower 43 on the movable fixture 40 may be engaged into the pulley gear 36
along the direction 48 by the actuator and sliding table system 47. Then the pulley gear 36 is
rotated (by the rotary stage 50) along the direction 53 to align the inspecting ball 11 in-line with
the center 38 of the pulley gear 36, and the fiducial mark 22. Then the camera 30 is triggered to
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WO 2012/ 036625PCT/ SG2010/ 000340 capture the first inmage of the inspecting
field as indicated as FOV 41 in Fig 7 for the first ball slot. Next, the
pul | ey gewo 28R/i366250t ated (by the rotary stage 50) to next/sshei/ooesad t he
ot her inspection ball inside the fixture 40 is driven into the FOV 41 and
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period of image capturing for the FOV 41 by the canera 30. This enbodi nent
2 for the present invention also includes a set of automatic conputer

anal ysiFég prsdle sap vigwef theagetemediembodimeny 2 avithiadicagansrad O\ ef thesampay 41,

and fi get@Htand bR RSy bkahna@finghattlp dadat VaRs tHel tall fbhewérest flhﬁ emza fo3Rwen 48 Bel |
r on e Da

pul | ey r 36 under inspectjon, and the fiducial crqss

F ol I owaRd Hie SPEPEYS 1RO RIS (R Petting bl are il ieprieed e NG RHIEY 28538 ¢ he
checki rdgribgthe pkliod of fnagewapaciag ifer the 5P&c4 f bethewameen 3thr ough t he part ‘
fabrication, the distance 37 Rs fromthe checking ball outer surface to the
pul l ey center 38 can be derived out. Wth all the values of Rs for each

bal | s[This eshhagliment 2 foh thepaedenyingerdionfalgednéloded a sttt pbagpmatiOeonpiietanabisisi ved

out. m&%.&%@gm{l%@ﬁg/tw&%ﬁge%éwmm FOV 41, and find out the position
of datum features like the teeth edge 39 on the pulley gear 36 under inspection, and the fiducial
cross mark 22 on the ball follower 43. Since the horizontal distance from the cross mark 22 to
the checking ball 11 outer surface is a specified value through the part fabrication, the distance
37 Rs from the checking ball outer surface to the pulley center 38 can be derived out. With all
the values of Rs for each ball slot obtained, the pulley gear functional dimension Ds can be
derived out.



What is clainmed is: 1. A vision inspection systemfor quality control of
rotary parts like pulley gear or bearing wwth internal slots or rails to
det er m newbheid@bescati on quality of the functional di meosisgnoofoossne sl ots
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The vi sion inspection systemaccording to claim3, further conprising the

control systuspeeted-engage the inspecting balls into the rotary part being
i nspect ed3. tApviSidRAtipRCtidIEsysRBORT Quality@ohRSIPETotaid phitLlikk phlles peaPyEbearing
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part undez{' II%% pVelsclE)li’l 01Hs'pection system according to élaini 3, further comprising at least one
camera system with camera, lens, and lighting system to be able to be triggered by a
control unit or external sensor to capture the recognizable image for the items inside the
FOV.

5. The vision inspection system according to claim 3, further comprising the control
system to engage the inspecting balls into the rotary part being inspected, to capture the
image of the inspecting field which covers partial of the part under inspection, and the
inspecting balls and recognizable fiducial marks on the ball follower, and to process the
captured images to calculate out the functional dimension for the rotary part.

6. The vision inspection system according to claim 3, further comprising at least one
inspecting or checking ball, or probe head with another geometrical shape, which is '
engaged into the ball slot or rail of the rotary part by a jig or adjustable sliding table.
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gauging applications. The lenses may come with adjustable aperture and focus range.

13. A method of inspecting the rotary parts with internal slots or rails like pulley gear or
bearing with external engaged checking balls aﬁd ball followers, or prob_e. head with -
another shape, and vision system, and the control system to engage the inspecting balls
into the rotary part being inspected, to capture the image of the inspecting field covers
the rotary part and the checking ball or probe, and the fiducial mark on the ball follower
or probe head, and then doing the image processing of the captured image to calculate
out the functional dimension for the part inspected. | _

14. The claim 13, further comprising the method of store the derived functional dimension -
Ds value for each part into a computer database or factory information system and -
present into a graph and comparing to the top and bottom limit (Ds_max and Ds_min)
for easy product quality control. This kind of statistic QC data can further be used as
reference to predict the life time of the mold and die used in upper stream stamping .
process.



