
Soft Bubble 
Gripper
Build Instructions

S I H A H  J O O N H I G H  &  A L E X  A L S PA C H

© 2021 Toyota Research Institute. 

 
Version: 1.0



7KH PXQ\R SURMHFW LQIRUPDWLRQ LV GLVWULEXWHG XVLQJ WKH
CUHDWLYH CRPPRQV AWWULEXWLRQ-NRQCRPPHUFLDO 4.0 IQWHUQDWLRQDO OLFHQVH

POHDVH YLHZ & DFNQRZOHGJH WKH OLFHQVH EHIRUH FRQWLQXLQJ.
hWWSV://cUeaWiYecRmmRnV.RUg/licenVeV/b\-nc/4.0/legalcRde

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 2

https://creativecommons.org/licenses/by-nc/4.0/legalcode


7ABLE OF CON7EN76

P85PO6E 4

6AFE7< 5
SafeW\ RecRmmendaWiRnV 5

FAB5ICA7ION FILE6 6
BXbble MRdXle TUacking SSUeadVheeW 6
CAD, STL and VecWRU FileV 6

3D P5IN7ING P5EPA5A7ION 7

DO7 PA77E5N 67ENCIL 9
TRRlV 9
MaWeUialV 9

BILL OF MA7E5IAL6 10

B8BBLE INFLA7ION P8MP 11
TRRlV 11
MaWeUialV 11
AVVembl\ 11

B8BBLE MOD8LE FAB5ICA7ION 14
LATEX PATTERN PRINTING 15

BefRUe YRX SWaUW 15
TRRlV 15
MaWeUialV 15
PUinWing 16

3D PRINTED SEALING BAND 20
CAD and STL FileV 20
FabUicaWiRn 20

ACRYLIC WINDOW FABRICATION 21
BefRUe YRX SWaUW 21
TRRlV 21
MaWeUialV 21
FaVWeneUV 21
CAD and IllXVWUaWRU FileV 22
OYeUYieZ Rf AcU\lic WindRZ LaVeU CXW PURceVV 22
In-DeSWh AcU\lic WindRZ LaVeU CXW PURceVV 24

EWching HeaW-SeW LRcaWiRnV (Side 1) 25
InVWall HeaW-SeWV 26
CXWWing ElliSVe (Side 2) 29

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 3



ThUead AiU FiWWing HRle 31
LATEX CUTTING TEMPLATE 33

MaWeUialV 33
BUBBLE FITTING-TUBING ASSEMBLY 34

BefRUe YRX SWaUW 34
TRRlV 34
MaWeUialV 34
CRmmRn EUURUV and CRnVideUaWiRnV 34
AVVembl\ 35

BUBBLE MODULE ASSEMBLY 37
BefRUe YRX SWaUW 37
TRRlV 37
MaWeUialV 37
CRmSRnenWV 38
AVVembl\ 38

B8BBLE G5IPPE5 FAB AND A66EMBL< 49
BefRUe YRX SWaUW 49
TRRlV 49
MaWeUialV 49
FaVWeneUV 49
CRmSRnenWV 49
3D PUinWing Rf GUiSSeU BRd\ 50

PUinW SeWXS 50
AVVembl\ 52

P5E6685E 6EN6ING ELEC75ONIC6 59
BefRUe YRX SWaUW 59
TRRlV 59
MaWeUialV 59
FaVWeneUV 60
CRmSRnenWV 60
AVVembl\ 61

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 4



P85PO6E
The fRllRZing dRcXmenW SURYideV inVWUXcWiRnV Rn hRZ WR bXild TRI¶V WacWile VenVing SRfW-BXbble gUiSSeUV,
RUiginall\ deYelRSed aW TR\RWa ReVeaUch InVWiWXWe (TRI). AfWeU Ueading WhiV dRcXmenW, XVeUV VhRXld
XndeUVWand Whe fRllRZing:

Ɣ SafeW\ UecRmmendaWiRnV
Ɣ BXbble mRdXle fabUicaWiRn

ż TRRlV, maWeUialV, VXSSlieV and fabUicaWiRn fileV
ż LaWe[ SUeSaUaWiRn and SaWWeUn SUinWing SURceVV
ż AcU\lic ³ZindRZ´ laVeU cXWWing, eWching and WhUeaded inVeUW inVWallaWiRn
ż PURdXcWiRn Rf 3D SUinWed cRmSRnenWV
ż AVVembl\ WechniTXeV
ż InflaWiRn and deflaWiRn
ż BXbble VWRUage

Ɣ SRfW-BXbble gUiSSeU aVVembl\
ż CAD and 3D SUinWable file dRZnlRadV
ż 3D SUinWing \RXU bXbble gUiSSeU SaUWV
ż ThUeaded inVeUW inVWallaWiRn
ż InWeUnal deSWh cameUa inVWallaWiRn
ż BXbble mRdXle inVWallaWiRn
ż PUeVVXUe VenVing elecWURnicV and inVWallaWiRn
ż Final aVVembl\
ż PUeVVXUe VenVing elecWURnicV aVVembl\

Ɣ CRmmRn miVWakeV

If \RX haYe an\ TXeVWiRnV RU cRmmenWV, SleaVe email XV!
SXQ\R-LQIR@WUL.JOREDO
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6AFE7<
The SRfW-BXbbleV bXilW fRU Whe SXUSRVeV Rf WhiV dRcXmenWaWiRn ZeUe fabUicaWed in a SURfeVViRnal
UeVeaUch and deYelRSmenW lab enYiURnmenW. IW iV Whe XVeU¶V (Whe indiYidXal bXilding SRfW-BXbbleV)
UeVSRnVibiliW\ WR XndeUVWand and cRmSl\ ZiWh Whe UeTXiUemenWV VeW fRUWh b\ Whe eTXiSmenW and maWeUial
manXfacWXUeUV, and Whe VafeW\ SRlicieV Rf WheiU manXfacWXUing faciliWieV.

SafeW\ RecRmmendaWiRnV
The folloZing list proYides general recommendations and is not intended to be all encompassing.
Please refer to \oXr manXfactXrer and facilit\ policies for specific gXidance. If in doXbt, ask!

1. HDYH DGHTXDWH WUDLQLQJ DQG NQRZOHGJH RI \RXU HTXLSPHQW DQG PDWHULDOV, aV defined b\ Whe
manXfacWXUeU and \RXU faciliW\.

2. EQVXUH SURSHU YHQWLODWLRQ, aV defined b\ \RXU eTXiSmenW and maWeUialV manXfacWXUeU, Zhen
SeUfRUming Whe fRllRZing WaVkV: laVeU cXWWing, 3D SUinWing, inVWallaWiRn Rf Whe heaW-VeW inVeUWV,
VRldeUing, and Zhile geneUall\ SUinWing and glXing.

3. PURSHU VWRUDJH RI YRODWLOH PDWHULDOV. The XVeU VhRXld enVXUe WhaW YRlaWile maWeUialV
(flammable maWeUialV, aeURVRl VSUa\V, eWc.) aUe VWRUed SURSeUl\ in accRUdance ZiWh WheiU faciliW\¶V
SRlicieV and lRcal UegXlaWiRnV.

4. :HDU PHUVRQDO PURWHFWLYH ETXLSPHQW, aV defined and UeTXiUed b\ \RXU manXfacWXUeUV and
faciliWieV. (e[amSleV: UeVSiUaWRU maVkV, e\e SURWecWiRn, glRYeV)

5. 6XSHUYLVH DQG PRQLWRU \RXU DXWRPDWHG ZRUN.
6. HDYH HDV\ DFFHVV WR ILUVW-DLG PDWHULDOV DQG EH WUDLQHG WR XWLOL]H WKHP.
7. HDYH NQRZOHGJH RI \RXU IDFLOLW\¶V HPHUJHQF\ SURWRFROV DQG HTXLSPHQW.
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FAB5ICA7ION FILE6

BXEEOH MRGXOH 7UDFNLQJ 6SUHDGVKHHW
AW TRI, Ze mainWain an RUgani]ed liVW Rf Whe bXbble mRdXleV bXilW, inclXding Whe membUane maWeUial
XVed, SaWWeUn SUinWed, and daWe aVVembled, amRng RWheU nRWeV and daWa. TR WUack \RXU RZn bXbbleV,
XVe Whe BXbble ModXle Tracking Spreadsheet (.[ls[) dRZnlRaded ZiWh Whe bXild fileV.

CAD, 67L DQG 9HFWRU FLOHV
The dRZnlRaded bXild fileV Zill enable \RX WR 3D SUinW and laVeU cXW all Rf Whe SieceV \RX need fRU Whe
cRmSleWe BXbble GUiSSeU aVVembl\. STL fileV aUe 3D fileV XVed fRU 3D SUinWing. VecWRU fileV aUe XVed fRU
laVeU cXWWing. CAD fileV aUe VRXUce SOLIDWORKS fileV WhaW can be XVed WR mRdif\ cRmSRnenWV.

3D PUinWing: STL LaVeU CXWWeU: VecWRU

AcU\lic WindRZ
- AcU\lic WindRZ Side 1.eSV

- AcU\lic WindRZ Side 2.eSV

LaWe[ CXWWing TemSlaWe LaWe[ CXWWing TemSlaWe.VWl LaWe[ CXWWing TemSlaWe.Sdf

Sealing Band
0.4mm OffVeW Sealing Band.VWl -

0.6mm OffVeW Sealing Band.VWl -

DRW PaWWeUn SWencil

- LRZ DenViW\ DRW PaWWeUn.Sdf

- MediXm DenViW\ DRW PaWWeUn.Sdf

- High DenViW\ DRW PaWWeUn.Sdf

GUiSSeU AVVembl\

PicR CaVe Back.VWl -

PicR CaVe FURnW.VWl -

BXbble GUiSSeU BRd\.VWl -

GUiSSeU FingeU MRXnW.VWl -

PUeVVXUe SenVRU S\VWem

MicURcRnWURlleU Fi[WXUe.VWl -

PUeVVXUe SenVRU S\VWem MRXnW.VWl -

TXbe CRnnecWRU Fi[WXUe.VWl -
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3D P5IN7ING P5EPA5A7ION
In SUeSaUaWiRn fRU Whe bXild, iW iV ideal WR haYe Whe fRllRZing SaUWV 3D SUinWed in adYance. SecWiRn ³3D
PUinWed Sealing Band´ VSecifieV Whe Vealing band 3D SUinWing inVWUXcWiRnV and VecWiRn ³BXbble GUiSSeU
AVVembl\´ VSecifieV Whe gUiSSeU 3D SUinWing inVWUXcWiRnV. SecWiRn ³PUeVVXUe SenVRU S\VWem´ VSecifieV
Whe SUeVVXUe VenVRU V\VWem 3D SUinWing inVWUXcWiRnV.

STL File Image

Sealing Band

0.4mm OffVeW Sealing Band.VWl

0.6mm OffVeW Sealing Band.VWl

GUiSSeU AVVembl\

PicR CaVe Back.VWl

PicR CaVe FURnW.STL

BXbble GUiSSeU BRd\.VWl

GUiSSeU FingeU MRXnW fRU WSG
032-068.STL,

GUiSSeU FingeU MRXnW fRU WSG
050-110.STL
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PUeVVXUe SenVRU S\VWem

MicURcRnWURlleU Fi[WXUe.VWl

PUeVVXUe SenVRU S\VWem
MRXnW.VWl

TXbe CRnnecWRU Fi[WXUe.VWl
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DO7 PA77E5N 67ENCIL

7RROV
1. LaVeU CXWWeU

MDWHULDOV
1. AdheViYe ShiSSing labelV, 8.5 [ 11´

LaVeU CXWWeU: VecWRU Image

DRW PaWWeUn SWencil

LRZ DenViW\
DRW PaWWeUn.eSV,

LRZ DenViW\
DRW PaWWeUn.Sdf

MediXm DenViW\
DRW PaWWeUn.eSV,

MediXm DenViW\
DRW PaWWeUn.Sdf

High DenViW\
DRW PaWWeUn.eSV,

High DenViW\
DRW PaWWeUn.Sdf
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BILL OF MA7E5IAL6
All UeTXiUed maWeUialV and WRRlV neceVVaU\ WR bXild Whe SRfW-BXbble GUiSSeU aUe liVWed in Whe PXn\o
BXbble Gripper BOM (.pdf) inclXded ZiWh Whe file dRZnlRadV. PleaVe make VXUe \RX haYe eYeU\Whing Rn
Whe liVW befRUe geWWing VWaUWed.
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B8BBLE INFLA7ION P8MP
The bXbble inflaWiRn SXmS aVVembl\ cRmbineV a VWandaUd bike SXmS ZiWh Whe fiWWing and WXbe
neceVVaU\ WR inflaWe bXbble mRdXleV.

6HH YLGHR: ³BXbble inflaWiRn SXmS aVVembl\´

7RROV
1. SWandaUd bike SXmS fRU VchUadeU YalYeV

MDWHULDOV
1. SWandaUd bike SXmS fRU VchUadeU YalYeV
2. SRfW PVC PlaVWic TXbing (2 mm ID, 4 mm OD), 50 fW (5233K112)
3. PXVh-WR-CRnnecW TXbe FiWWing fRU AiU, SWUaighW AdaSWeU (8 mm STEM OD, 4 mm TXbe OD)

(5225K183)
4. CRmSUeVVed aiU dXVWeU

AVVHPEO\
1. CXW Rne meWeU Rf Whe PVC SlaVWic WXbing.

FigXUe 1: A meWeU Rf PVC SlaVWic WXbing

2. TXUn Whe cRmSUeVVed aiU dXVWeU XSVide-dRZn ZiWh Whe nR]]le aimed aZa\ fURm \RX. Then, VSUa\
Rne end Rf Whe PVC SlaVWic WXbing geneURXVl\ XnWil iW fURVWV XS and VWiffenV abRXW 3 cm Rf WXbe.

a. IW iV imSRUWanW WhaW Whe SlaVWic WXbing iV fURVWed VWiff befRUe inVeUWing iW inWR Whe fiWWingV WR
aYRid leakage Zhen filling Whe bXbbleV. The VWiffened WXbing iV eaVieU WR inVeUW fXll\ inWR
Whe cRnnecWRU.

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 12

https://www.mcmaster.com/5233K112/
https://www.mcmaster.com/5225K183/


FigXUe 2: CRmSUeVVed aiU dXVWeU iV XVed WR fURVW Whe WXbing befRUe cRnnecWRU inVeUWiRn

3. FiUml\ SUeVV Whe fURVWed end Rf Whe SlaVWic WXbing inWR Whe SXVh-WR-cRnnecW end Rf Whe
SXVh-WR-cRnnecW fiWWing XnWil \RX feel a ³click´ (FigXUe 3).

FigXUe 3: TXbing inVeUWed inWR Whe SXVh-WR-cRnnecW end Rf fiWWing.

4. InVeUW Whe c\lindUical ³VWem´ end Rf Whe fiWWing inWR Whe hRle labeled ³S´ RU ³VchUadeU YalYe´ Rf Whe
bike SXmS (Fig 4). Make VXUe Whe fiWWing iV SUeVVed deeS inVide Whe bike SXmS nR]]le.
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FigXUe 4: CRnnecWRU-WXbing aVVembl\ VWXck inWR bike SXmS nR]]le

5. LifW Whe leYeU XS inWR Whe Vealed SRViWiRn (Fig 5).

FigXUe 5: CRnnecWRU-WXbing aVVembl\ ZiWh Vealed SXmS
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B8BBLE MOD8LE FAB5ICA7ION
The bXbble mRdXle Rf Whe SRfW-BXbble gUiSSeU cRnViVWV Rf a Slain RU SaWWeUned laWe[ membUane, a cleaU
acU\lic backing SlaWe, RU ³ZindRZ´, a Uing WhaW mRXnWV Whe membUane RnWR Whe acU\lic, WhUeaded inVeUWV,
and a fiWWing-WXbe aVVembl\ fRU inflaWiRn, deflaWiRn and SUeVVXUe VenVing. The mRdXlaU deVign allRZV fRU
TXick VZaSSing Rf bXbbleV fRU YaUiRXV UeaVRnV inclXding UeSlacemenW Rf a damaged mRdXle, VZiWching
mechanical SURSeUWieV like membUane WhickneVV, RU VZaSSing inWeUnal SaWWeUning baVed Rn Whe needV Rf
Whe SeUceSWiRn V\VWem.

FigXUe 6: FXll\ aVVembled, deflaWed bXbble mRdXleV, XndeUVide and WRS YieZV
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LA7E; PA77E5N P5IN7ING
6HH YLGHR: ³LaWe[ membUane SUeSaUaWiRn and SaWWeUn SUinWing´

BHIRUH <RX 6WDUW
Ɣ Read SDS fRU each laWe[ SainW and glXe.
Ɣ PPE: SafeW\ glaVVeV, niWUile glRYeV, lab cRaW.
Ɣ TXUn Rn neceVVaU\ YenWilaWiRn.
Ɣ GaWheU all WRRlV and maWeUialV belRZ.

7RROV
1. LaUge VSRnge SainWbUXVh
2. Mi[ing (SRSVicle) VWickV
3. RXleU
4. SciVVRUV
5. CXWWing bRaUd
6. PainWeUV WaSe
7. IVRSURS\l alcRhRl
8. ShRS WRZelV
9. DiVSRVable niWUile glRYeV

FigXUe 7: TRRlV fRU laWe[ SUinWing

MDWHULDOV
1. LaWe[ VheeW
2. DRW (RU RWheU) SaWWeUn VWencilV
3. LaWe[ VcUeen SUinWing ink
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FigXUe 8: MaWeUialV fRU laWe[ SUinWing

PULQWLQJ
1. PXW Rn SRZdeU-fUee niWUile glRYeV and a lab cRaW. BUing a WUaVhcan neaUb\.
2. UVing VciVVRUV, cXW RXW a 14 cm [ 18 cm UecWangXlaU blank fURm a URll Rf laWe[ VheeW.
3. If \RX Slan Rn making Rne gUiSSeU (WZR fingeUV), cXW and SainW WZR VheeWV Rf laWe[ (minimXm). IW¶V

neYeU a bad idea WR make e[WUaV.

FigXUe 9: Blank laWe[ VheeW, 14 cm [ 18 cm

4. TaSe dRZn each laWe[ blank RnWR a flaW VXUface like a cXWWing bRaUd XVing SainWeU'V WaSe (Fig 10).
a. The WaSe VhRXld cRYeU abRXW 1 cm Rf Whe laWe[ Rn each Vide.
b.  Make VXUe maWWe VXUface Rf Whe laWe[ iV face XS. We Zill be SUinWing Rn WhiV

VXUface 
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FigXUe 10: LaWe[ VheeW WaSed WR cXWWing bRaUd

5. UVe an iVRSURS\l ZiSe WR genWl\ clean Whe XSZaUd facing maWWe VXUface Rf Whe laWe[.
6. OSen and mi[ laWe[ VcUeen ink ZiWh a mi[ing VWick RU laUge SRSVicle VWick.

FigXUe 11: Mi[ing laWe[ SainW

7. PUeSaUe a WimeU fRU 1 minXWe and 30 VecRndV. DR nRW SUeVV ³SWaUW´ \eW.
a. The WimeU iV neceVVaU\ WR limiW Whe Wime fURm aSSlicaWiRn Rf Whe laWe[ SainW WR Whe UemRYal

Rf Whe VWencil fURm Whe laWe[. The VWencil Zill be UemRYed befRUe Whe SainW dUieV.
8. If \RX dR nRW alUead\ haYe SaWWeUn VWencilV, \RX can laVeU cXW \RXU VWencilV RXW Rf

adheViYe-backed label SaSeU.
9. RemRYe SaSeU backing Rf Whe adheViYe VWencil and ³dRg eaU´ Rne cRUneU WRZaUdV Whe backing WR

make a Wab fRU eaVieU UemRYal (Fig 12).
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FigXUe 12: DRg eaUed VWencil afWeU backing iV Seeled Rff

10. SWick SaWWeUn VWencil WR laWe[ blank.

FigXUe 13: SWencil aSSlied WR laWe[ afWeU adheViYe backing UemRYed.
NRWe dRg eaUV in WRS UighW.

11. GeW a geneURXV amRXnW Rf ink ZiWh Whe fRam SainW bUXVh.
12. SWaUW WimeU.
13. ImmediaWel\ begin WR bUXVh RYeU Whe VWencil and laWe[ and make VXUe all hRleV in Whe VWencil aUe

filled. ASSl\ Vide WR Vide fURm lefW WR UighW, and When WRS WR bRWWRm (Fig 14).
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FigXUe 14: SWencil SainWed RYeU ZiWh laWe[ SainW

14. "STXeegee" e[ceVV SainW WR Rne Vide b\ SUeVVing dRZn haUd and mRYing fURm lefW WR UighW and
When WRS WR bRWWRm. PainWing and VTXeegeeing VhRXld be cRmSleWed ZiWhin abRXW Rne minXWe.

a.  IW iV nRUmal fRU Whe laWe[ WR bXbble XS a liWWle. IW UegainV iWV VhaSe aV iW dUieV.
15. When Whe WimeU iV dRne, UemRYe Whe VWencil VlRZl\, VWaUWing fURm Whe fRlded cRUneU.

a. The VWencil Zill VWill be ZeW VR aYRid WRXching Whe SUinWed SaWWeUn.
b. If Whe VWencil iV lefW Rn lRngeU Whan WZR minXWeV, iW Zill leaYe behind adheViYe Zhen

UemRYed.

FigXUe 15: SWencil iV UemRYed leaYing behind a SUinWed SaWWeUn

16. SeW SUinWed laWe[ aVide WR dU\ fRU Rne hRXU RU mRUe (Ze leaYe Whem RYeUnighW).
17. RemRYe WaSe Rnce dU\ and VWRUe SaWWeUned laWe[ in a cRRl dU\ Slace.
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3D P5IN7ED 6EALING BAND

67L FLOHV

3D PUinWing (STL)

Sealing Band
0.4mm OffVeW Sealing Band.VWl

0.6mm OffVeW Sealing Band.VWl

FDEULFDWLRQ
1. PUinW WZR Vealing bandV fRU a SaiU Rf SRfW-BXbble gUiSSeU fingeUV (Rne gUiSSeU).

ż The 0.4 mm Vealing band iV XVed fRU laWe[ ZiWh a WhickneVV Rf 0.45 mm.
ż The 0.6 mm Vealing band iV XVed fRU laWe[ ZiWh a WhickneVV Rf 0.65 mm.

2. DebXU an\ VhaUS 3D SUinWed defecWV ZiWh VandSaSeU RU a debXUUing WRRl (eVSeciall\ Rn Whe
inWeUiRU Rf Whe Uing).

FigXUe 16: 3D SUinWed 0.4 mm Vealing band
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AC5<LIC :INDO: FAB5ICA7ION
The acU\lic bXbble backing SlaWeV aUe called ³ZindRZV´ becaXVe WheVe SlaWeV SURYide a Uigid, RSWicall\
cleaU, aiUWighW fUame fRU Whe laWe[ bXbble mRdXleV WR be bXilW XSRn and Whe cameUa WR Vee WhURXgh.

6HH YLGHR: ³AcU\lic ZindRZ fabUicaWiRn, inclXding laVeU cXWWing, eWching, WhUeaded inVeUWV and WaSSing´

FigXUe 17: FURm lefW WR UighW: AcU\lic ZindRZ Side 1, Side 2, RXWeU Uing UemRYed, and SURWecWiRn SaSeU
UemRYed

BHIRUH <RX 6WDUW
Ɣ Make VXUe Whe laVeU cXWWeU lenVeV aUe clean befRUe and afWeU an\ eWching SURceVV.
Ɣ CleaU Whe laVeU cXWWeU bed Rf an\ dXVW RU chiSV befRUe and UegXlaUl\ WhURXghRXW Whe bXild.
Ɣ TXUn Rn neceVVaU\ YenWilaWiRn.
Ɣ GaWheU all WRRlV and maWeUialV belRZ.

7RROV
1. LaVeU cXWWeU
2. TemSeUaWXUe cRnWURlled VRldeUing iURn
3. M3 WhUead WaS
4. TheUmall\ inVXlaWed flaW meWal lRad

MDWHULDOV
1. AcU\lic 3/16´ VheeW (8560K215)

FDVWHQHUV
1. M2 heaW-VeW inVeUWV, 2.9 mm inVWalled lengWh, TW\ 4 (94180A307)
2. M2 [ 5 mm VRckeW head caS VcUeZ, TW\ 1 (91290A012)
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9HFWRU FLOHV

LaVeU CXWWeU (EPS/PDF)

WindRZ
AcU\lic WindRZ Side 1.Sdf

AcU\lic WindRZ Side 2.Sdf

LaWe[ CXWWing TemSlaWe LaWe[ CXWWing TemSlaWe.Sdf

OYHUYLHZ RI AFU\OLF :LQGRZ LDVHU CXW PURFHVV
A CAD dUaZing Rf Whe acU\lic ZindRZ iV VhRZn belRZ (Fig 18), inclXding Whe WRS and Vide YieZV. A
YecWRU dUaZing iV VhRZn belRZ iW fRU Side 1 (Fig 19) and Side 2 (Fig 20).

BefRUe beginning Whe cXWWing SURceVV, iW iV neceVVaU\ WR XndeUVWand ZhaW iV being cXW and eWched fRU Whe
acU\lic ZindRZV. The acU\lic ZindRZV haYe fRXU heaW-VeWV WhaW aUe XVed WR mRXnW Whe bXbble mRdXle WR
Whe bXbble gUiSSeU bRd\. The ZindRZ alVR haV a hRle XVed WR VecXUe an aiUWighW fiWWing-WXbing aVVembl\
WR inflaWe RU deflaWe Whe bXbble. IW iV deSendenW Rn Whe XVeU WR find Whe UighW VeWWingV Rn WheiU laVeU WR cXW
and eWch Whe acU\lic WR Whe VSecV/deSWhV VhRZn in Whe dUaZing.

IW iV UecRmmended WR WeVW Rn a Vmall Siece Rf acU\lic WR find Whe SURSeU VeWWingV fRU Whe fRXU eWched
heaW-VeW SRckeWV and YaUiRXV acU\lic and SaSeU-Rnl\ cXWV WR fRllRZ.

FigXUe 18: CAD dUaZing Rf elliSVe acU\lic ZindRZ

The diffeUenW cRlRUV Rf Whe lineV fRXnd in Whe YecWRU fileV fRU SideV 1 and 2 Rf Whe acU\lic ZindRZ (Fig 19
and 20) UeSUeVenW a diffeUenW laVeU cXWWing RU eWching SURceVV and aUe e[Slained belRZ:

Ɣ BlXe aUea - RaVWeUed SRckeWV 3.0 mm deeS
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Ɣ MagenWa aUea - RaVWeUed SRckeWV 0.5 mm deeS
Ɣ Red lineV - CXW WhURXgh acU\lic
Ɣ C\an lineV - CXW WhURXgh SURWecWiYe SaSeU Rnl\ (a liWWle RYeUVhRRW iV Rka\)
Ɣ YellRZ line - OXWline Rf UecWangle VhaSe fRU UefeUence - neiWheU cXW nRU eWched

FiUVW, Side 1 geWV eWched and cXW. On Side 1 (Fig 19), Ze aUe eWching SRckeWV inWR Whe acU\lic WR a ceUWain
deSWh and diameWeU. TheVe SRckeWV Zill hRXVe heaW-VeW WhUeaded inVeUWV in a laWeU VWeS. IW iV imSRUWanW WR
eWch Rnl\ VlighWl\ deeSeU Whan Whe lengWh Rf Whe heaW-VeW inVeUW (3.0 mm deeS, magenWa aUea) Zhich iV
2.85 mm lRng. IW iV alVR imSRUWanW WR eWch a VecRnd ZideU, VhallRZ SRckeW WhaW caSWXUeV Whe melWed
acU\lic RYeUflRZ Zhen heaW-VeWWing (0.50 mm deeS, blXe aUea). TheVe deSWh meaVXUemenWV VhRXld be
XVed aV WaUgeWV fRU Whe SeUVRn WXning Whe laVeU cXWWeU VeWWingV befRUe SURdXcing Whe acU\lic ZindRZV. If
\RX find Whe SRckeWV \RX aUe SURdXcing aUe an aSSURSUiaWe deSWh (nR WhURXgh hRleV!) and allRZ Whe
heaW-VeWV WR be inVWalled VecXUel\ and flXVh ZiWh Whe acU\lic VXUface, \RX can VWRS WXning and mRYe Rn!
LaVWl\, a UecWangle iV cXW (Ued lineV) fURm Whe acU\lic ZiWh alignmenW maUkingV. TheVe alignmenW maUkingV
aUe cUiWical aV Ze mXVW UemRYe Whe ZRUkSiece afWeU cXWWing Side 1, inVWall Whe heaW-VeW inVeUWV, When fliS
and Uealign Whe ZRUkSiece fRU Whe Side 2 laVeU RSeUaWiRnV.

 Be YeU\ caUefXl Rnl\ WR eWch SRckeWV abRXW 3 mm deeS. If \RX accidenWall\ eWch cRmSleWel\ WhURXgh
Whe acU\lic, Whe SaUW mXVW be diVcaUded aV WhiV SRinW Zill leak Zhen aVVembled and SUeVVXUi]ed. 

FMKYVI 19: SMHI 1

On Side 2 (Fig 20), Whe VmalleU elliSVe (c\an line) iV cXW Rnl\ WhURXgh SaSeU WR cUeaWe a maVk fRU
VSUa\ing aeURVRl glXe Rn Whe RSen acU\lic VXUface. The SeUimeWeU Uing Rf SaSeU aURXnd Whe edge iV
UemRYed WR e[SRVe Whe VXUface WhaW Zill be VSUa\ed ZiWh adheViYe glXe.
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FMKYVI 20: SMHI 2

IQ-DHSWK AFU\OLF :LQGRZ LDVHU CXW PURFHVV
1. LRad laVeU cXWWeU ZiWh 3/16" acU\lic and align WR Whe WRS-lefW cRUneU, leaYing SURWecWiYe SaSeU Rn

bRWh VideV.
a.  IW'V imSRUWanW WR keeS SaSeU Rn Zhile cXWWing WR aYRid clRXding XS Whe maWeUial. 
b.  Once lRaded, dR nRW mRYe Whe acU\lic VheeW aW an\ SRinW in Whe SURceVV. 
c.  Be caUefXl and dR nRW hiW Whe laVeU head aV \RX lRad and/RU ZRUk.

FigXUe 21: AlignmenW Rf acU\lic inWR Whe laVeU cXWWeU
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EWFKLQJ HHDW-6HW LRFDWLRQV (6LGH 1)
1. SelecW Whe SURSeU maWeUial VeWWingV fRU \RXU UeVSecWiYe laVeU cXWWeU WhaW Zill ZRUk ZiWh 3/16´ CaVW

AcU\lic maWeUial.
2. The YecWRU file fRU Side 1 (elliSVe_bXbble_ZindRZ_Vide1_neZ.ai) VhRXld be lRaded RnWR \RXU

UeVSecWiYe laVeU cXWWing SURgUam.
a.  Side 1 VhRXld be laVeU cXW fiUVW aV Whe heaW-VeW mXVW be inVeUWed befRUe Whe final

elliSVe iV cXW. 
3. OXU laVeU SaUameWeUV ZeUe WXned WR eWch WZR 3mm deeS SRckeWV SeU hRUi]RnWal URZ, and if mRUe

Whan Rne ZindRZ iV Slaced ne[W WR Rne anRWheU Zhile eWching, Whe SRckeW deSWh Zill be incRUUecW.
SWick ZiWh eWching Whe Vame nXmbeU Rf SRckeWV aW an\ giYen Wime aV \RX eWched Zhile WXning Whe
eWching SaUameWeUV.

a.  RecRUd Whe X and Y cRRUdinaWeV Rf each ZindRZ dXUing Side 1. ThiV iV imSRUWanW fRU
Whe cXWWing Rf Side 2 aV Whe\ need WR be Slaced in Whe Vame SRViWiRnV.

b. If \RX Slan Rn making Rne gUiSSeU (WZR fingeUV), laVeU cXW WZR ZindRZV (minimXm).
4. RXn Whe Side 1 eWching jRb and cXW Whe UecWangle.

FigXUe 22: Side 1 cXW Rf Whe acU\lic ZindRZ

5.  CaUefXll\ XVe a VSXdgeU RU Whin WRRl WR SRS RXW UecWangXlaU acU\lic ZRUkSiece. Make VXUe WhaW
Whe baVe acU\lic dReVn'W mRYe - aSSl\ SUeVVXUe WR acU\lic VWRck Zhile UemRYing SaUWV. 
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IQVWDOO HHDW-6HWV

FigXUe 23: TRRlV and maWeUialV UeTXiUed WR inVWall heaW-VeWV

1.  IW¶V imSRUWanW WR inVWall Whe heaW-VeWV befRUe final elliSWical cXW WR achieYe a WUXe final elliSWical
ZindRZ VhaSe, inclXding aURXnd Whe heaW-VeW lRcaWiRnV.

2. HeaW XS VRldeUing iURn ZiWh a flaW WiS (92160A123) fRU M2 heaW inVeUWV.
3. LeaYe Whe SaSeU Rn Whe acU\lic UecWangle and Slace Whe acU\lic Rn a flaW VXUface, heaW-VeW SRckeWV

Vide XS.

FigXUe 24: AcU\lic ZindRZ, heaW-VeW SRckeW Vide XS

4. InVeUW heaW-VeW ZiWh VmalleU diameWeU Vide dRZn, Slaced inWR Whe SRckeW (Fig 25).
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FigXUe 25: HeaW-VeWV inVeUWed inWR Whe SRckeWV Rf Whe acU\lic ZindRZ

5. Place VRldeUing iURn SeUSendicXlaU WR Whe heaW-VeW and allRZ Whe heaW-VeW WR VlRZl\ Vink dRZn aV
Whe acU\lic VRfWenV.

a. If Whe heaW-VeW dReV nRW begin WR Vink XndeU Whe ZeighW Rf Whe VRldeUing iURn, allRZ Whe
VRldeUing iURn WR heaW XS fRU lRngeU.

FigXUe 25: Sinking heaW-VeWV inWR Whe acU\lic ZindRZ

6. Sink Whe inVeUW XnWil iW iV Seeking XS a half millimeWeU When leaYe Whe iURn Rn Whe heaW-VeW fRU 3-4
VecRndV mRUe XnWil Whe VXUURXnding acU\lic beginV bXbbling. Then XVe Whe flaW, heaY\ WRRl WR
SUeVV Whe inVeUW in Whe UeVW Rf Whe Za\ VR WhaW iW endV XS flXVh ZiWh Whe acU\lic (Fig 26). CRmSleWe
WhiV SURceVV fRU Rne heaW-VeW aW a Wime.

a. If \RX aSSl\ WRR mXch heaW, Whe acU\lic VXUURXnding Whe heaW-VeW melWV and YRlcanReV RXW
Rf Whe SRckeW (Fig 27).
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FigXUe 26: InVXlaWed ZeighW aSSlied WR Whe heaW-VeW fRU flXVh inVeUWiRn inWR SRckeW

FigXUe 27: BXbbling UeacWiRn dXe WR laUge amRXnW Rf heaW Zhen Vinking heaW-VeW

7. LeW cRRl.
8. TeVW ZiWh M2 [ 0.4 mm VRckeW head caS VcUeZ WR make VXUe Whe WhUeadV inVide Rf Whe heaW-VeW

aUe clean and fUee Rf e[ceVV SlaVWic.
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CXWWLQJ EOOLSVH (6LGH 2)
1. Place Whe UecWangle back inWR iWV SUeYiRXV lRcaWiRn, WhiV Wime ZiWh Whe heaW-VeW inVeUWV facing

dRZn.

FigXUe 28:  PUeSaUaWiRn fRU Side 2 cXW

2. Realign Whe nRZ fliSSed UecWangle WR Whe bRaUd XVing Whe Vmall, SUeYiRXVl\ cXW YiVXal alignmenW
feaWXUeV.

a. The WUiSle nRWcheV gR aW Whe WRS (Fig 29).
b.  If miValigned, iW can UeVXlW in a XnXVable bXbble aV a heaW-VeW can be

cRmSURmiVed. 

FigXUe 29: AlignmenW Rf Whe fliSSed ZindRZ WR Whe SUeYiRXV SRViWiRn fRU Side 2 cXW
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3. Side 2 iV UefeUUed WR aV ³elliSVe_bXbble_ZindRZ_Vide2_neZ.ai´ and VhRXld be lRaded inWR \RXU
UeVSecWiYe laVeU cXWWing SURgUam.

a.  Place Whe jRb fRU Side 2 aW Whe Vame cRRUdinaWeV aV Whe SUeYiRXV Side 1 jRb. 

FigXUe 30: Side 2 iV inVeUWed inWR Whe SURgUam WR laVeU cXW

4. VeUif\ Whe cRRUdinaWeV WR make VXUe iW iV SURSeUl\ aligned b\ gRing aURXnd Whe VhaSe XVing Whe
laVeU head cRnWURl inWeUface.

5. RXn Whe laVeU cXW.

FigXUe 31: LaVeU cXW UeVXlWV fRU Side 2

6.  CaUefXll\ XVe a VSXdgeU WR SRS RXW UecWangXlaU acU\lic ZRUkSiece. If mRUe cXWV aUe WR be
made, make VXUe WhaW Whe baVe acU\lic dReVn'W mRYe (aSSl\ SUeVVXUe WR acU\lic bRaUd befRUe
UemRYing SaUWV). 
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7KUHDG ALU FLWWLQJ HROH
1. GeW WaS ZiWh M3 WhUead.
2. FURm Whe heaW-VeW inVeUW Vide, XVe Whe ZeighW Rf Whe WaS (dRn¶W SUeVV dRZn) and WXUn iW clRckZiVe

WR cXW WhUeadV.

FigXUe 32: M3 WhUead iV XVed WR WaS Whe aiU fiWWing hRle

3. TaS WhURXgh Whe enWiUe lengWh Rf hRle.
4. GenWl\ UemRYe iW back RXW b\ URWaWing cRXnWeUclRckZiVe.
5. Label Whe acU\lic ZindRZ XVing Whe fRllRZing fRUmaW: YYMMDD_REV_UNIT#.

FigXUe 33: Labeled acU\lic ZindRZ
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6. DUaZ a check maUk Rn Whe SaSeU WR indicaWe WhaW Whe hRle haV been WaSSed (Fig 34).

FigXUe 34: MaUked WaSSed hRle Rn acU\lic ZindRZ
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LA7E; C877ING 7EMPLA7E
The laWe[ cXWWing WemSlaWe iV XVed WR WUace Whe elliSWical VhaSe Rf Whe laWe[. The laWe[ elliSVe iV a feZ
millimeWeUV laUgeU Whan Whe ZindRZ VR WhaW Whe laWe[ edgeV can be fRlded dRZn aURXnd Whe ZindRZ
edgeV dXUing Whe Vealing SURceVV.

LaVeU cXW Whe laWe[ cXWWing WemSlaWe fRllRZing Whe laVeU cXWWing meWhRdV.

MDWHULDOV
1. AcU\lic 3/16´ VheeW

FigXUe 35: LaWe[ cXWWing WemSlaWe

3D PUinWing (STL) LaVeU CXWWeU (EPS/PDF)

LaWe[ CXWWing TemSlaWe LaWe[ CXWWing TemSlaWe.VWl LaWe[ CXWWing TemSlaWe.Sdf
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B8BBLE FI77ING-78BING A66EMBL<
6HH YLGHR: ³BXbble mRdXle fiWWing-WXbing aVVembl\´

BHIRUH <RX 6WDUW
Ɣ WeaU NiWUile glRYeV.
Ɣ Remain in a Zell YenWilaWed aUea.
Ɣ WeaU a maVk WhaW filWeUV YRlaWileV WR aYRid inhaling Whe cRmSUeVVed aiU dXVWeU.
Ɣ GaWheU all WRRlV and maWeUialV belRZ.

7RROV
1. CRmSUeVVed aiU dXVWeU

MDWHULDOV
1. O-Uing and PXVh-WR-CRnnecW TXbe FiWWing fRU AiU (90 DegUee SZiYel ElbRZ, 4 mm TXbe OD,

M3 [ 0.5 mm PiSe) (5225K739)
2. PXVh-WR-CRnnecW FiWWing ZiWh ShXW-Off fRU AiU, SWUaighW CRnnecWRU (FRU 4 mm TXbe OD)

(1201N56)
3. 8 cm Siece Rf SRfW PVC PlaVWic TXbing (2 mm ID, 4 mm OD) (5233K112)

FigXUe 36: MaWeUialV fRU bXbble fiWWing-WXbe aVVembl\

CRPPRQ EUURUV DQG CRQVLGHUDWLRQV
1. Make VXUe WhaW bRWh endV Rf Whe WXbe aUe fURVWed befRUe \RX inVeUW Whem inWR Whe cRnnecWRUV and

SURSeUl\ VeaW Whe WXbing in Whe fiWWing, RWheUZiVe WhiV lRcaWiRn Zill likel\ leak.
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a. When \RX SXll Rn Whe WXbing inVeUWed inWR Whe cRnnecWRUV, iW VhRXld nRW cRme RXW.
PeUfRUm WhiV VimSle WeVW WR Vee if \RX VeaWed Whe WXbing deeS enRXgh.

AVVHPEO\
1. The bXbble fiWWing-WXbing aVVembl\ can be dRne in adYance in laUge baWcheV. PUeSaUe and cXW all

maWeUialV befRUe aVVembl\.
2.  Make VXUe WhaW Whe fiWWing haV an O-Uing Rn iW! SRme fall Rff.

FigXUe 37:  SZiYel elbRZ SXVh-WR-cRnnecW fiWWing and O-Uing

3. GeW Whe cRmSUeVVed aiU dXVWeU and WXUn iW XSVide dRZn ZiWh Whe nR]]le facing aZa\ fURm \RX.
SSUa\ aW leaVW 3 cm Rf  bRWh endV Rf Whe SYc WXbe XnWil fURVWed and Uigid.

FigXUe 38: ASSlicaWiRn Rf cRmSUeVVed aiU dXVWeU RnWR WXbing

4. InVeUW Rne end Rf Whe SYc WXbe inWR Whe VZiYel elbRZ SXVh-WR-cRnnecW fiWWing and Whe RWheU end
inWR Whe SXVh-WR-cRnnecW fiWWing ZiWh VhXW-Rff fRU aiU.

a. PXVh Whe WXbe inWR Whe cRnnecWRUV XnWil \RX feel iW click.
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b. FiWWing RUienWaWiRn maWWeUV! Check-YalYe ( ) lRcaWiRn VhRXld be aV VhRZn belRZ, ZheUe
Whe WXbing fURm Whe O-Uing aVVembl\ iV inVeUWed inWR Whe end Rf Whe SXVh-WR-cRnnecW WhaW
iV nRW maUked.

c. If \RX dR nRW feel a click XSRn inVeUWiRn, UemRYe, UefUee]e and WU\ again.

FigXUe 39: CRmSleWed bXbble fiWWing-WXbing aVVembl\
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B8BBLE MOD8LE A66EMBL<
6HH YLGHR: ³BXbble mRdXle aVVembl\ and Vealing´

BHIRUH <RX 6WDUW
Ɣ WRUk in a Zell YenWilaWed aUea.
Ɣ UVe a fXme hRRd RU SainW bRRWh fRU adheViYe VSUa\V.
Ɣ WeaU PPE: VafeW\ glaVVeV, SRZdeU fUee glRYeV (Zhen ZRUking ZiWh adheViYeV).

7RROV
1. SXcWiRn cXSV
2. SciVVRUV
3. SSXdgeU
4. BXbble fiWWing-WXbing aVVembl\ (cUeaWed in VecWiRn ³BXbble FiWWing-TXbing AVVembl\´)
5. Small Whin bUXVheV
6. SandSaSeU
7. FelW maUkeU
8. NiWUile glRYeV
9. M3 ThUeaded WaS

FigXUe 40: ReTXiUed WRRlV

MDWHULDOV
1. C\anRacU\laWe (CA) glXe
2. ReSRViWiRnable VSUa\ adheViYe (7020) SSUa\
3. CRmSUeVVed aiU dXVWeU
4. PainWeUV TaSe
5. PaUchmenW SaSeU
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FigXUe 41: ReTXiUed maWeUialV

CRPSRQHQWV
1. AcU\lic WindRZ (cUeaWed in VecWiRn ³AcU\lic WindRZ PUeSaUaWiRn´)
2. 3D PUinWed Sealing Band (0.6 mm Vealing band fRU 0.65 mm Whick laWe[, 0.4 mm fRU 0.45 mm

Whick laWe[) (cUeaWed in VecWiRn ³3D PUinWed Sealing Band´)
3. PaWWeUned RU blank laWe[ UecWangle (cUeaWed in VecWiRn ³LaWe[ PUinWing´)
4. BXbble fiWWing-WXbing aVVembl\ (cUeaWed in VecWiRn BXbble FiWWing-TXbe AVVembl\)
5. LaWe[ cXWWing WemSlaWe (cUeaWed in VecWiRn ³LaWe[ CXWWing TemSlaWe´)

FigXUe 42: CRmSRnenWV WR make BXbble MRdXle

AVVHPEO\
1. Sand dRZn RU debXUU Whe 3D SUinWed Vealing band WR eliminaWe URXgh edgeV, eVSeciall\ Rn Whe

inWeUiRU VXUfaceV.
a. TR check fRU URXgh edgeV RU bXmSV, UXn \RXU fingeU Rn Whe inWeUiRU Rf Whe Vealing band.

2. TaSe dRZn SaUchmenW SaSeU WR SURWecW \RXU ZRUk VXUface and make SaUWV eaVieU WR Sick XS.
TaSe a deVignaWed Vmall VTXaUe fRU glXe WR gR aV Zell (Fig 43).
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FigXUe 43: PaUchmenW SaSeU Slaced dRZn and VecXUed WR Whe Wable

3. GR WR fXme hRRd ZiWh an acU\lic ZindRZ, UeSRViWiRnable adheViYe VSUa\, SUinWed laWe[ VheeW, and
a VSXdgeU.

4. TXUn Whe fXme hRRd Rn high.
5. Shake VSUa\ adheViYe Zell (Rne minXWe).
6. RemRYe Whe Whin RXWeU SaSeU elliSVe Rn ZhaW Zill be Whe inWeUiRU ZindRZ VXUface Rf Whe bXbble

mRdXle (Fig 44) WR UeYeal an elliSVe RXWline Rn Whe acU\lic. ThiV iV Whe VXUface Whe UeSRViWiRnable
VSUa\ adheViYe Zill cRYeU WR VWick RnWR Whe laWe[ in a laWeU VWeS.

FigXUe 44: RemRYal Rf Whin RXWeU SaSeU elliSVe WR UeYeal VXUface fRU adheViYe VSUa\

7. PURS Whe ZindRZ XS aW an angle (Fig 45)
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FigXUe 45: AcU\lic ZindRZ SURSSed aW an angle inVide Rf a SainW bRRWh

8. TR aSSl\ Whe adheViYe VSUa\:
a. The UeSRViWiRnable VSUa\ adheViYe VSUa\ cUeaWeV a Veal WhaW hRldV Whe laWe[ in Slace

dXUing aVVembl\ and SUeYenWV C\anRacU\laWe (CA) glXe fURm VeeSing in beWZeen Whe
acU\lic and laWe[.

b. SSUa\ Whe UeSRViWiRnable VSUa\ adheViYe in Whe diUecWiRnV VhRZn b\ Whe Ued aUURZV in Fig
46, VWaUWing fURm Whe bRWWRm Rf Whe line WR Whe WRS Rf Whe line fRU each Ued aUURZ.

i. FRXU VSUa\V SeU line iV Whe minimXm.
c. RRWaWe Whe acU\lic SaUW VR WhaW Whe blXe aUURZV aUe facing XSZaUd and VSUa\ Whe

UeSRViWiRnable VSUa\ adheViYe in Whe diUecWiRnV Rf Whe blXe aUURZ.
i. FRXU VSUa\V SeU line iV Whe minimXm.

d. The gRal iV WR geW Whe e[SRVed VXUface Rf Whe elliSVe Vhin\ and Wack\ aV Veen in Fig 47.
i.  SSUa\ enRXgh adheViYe VR WhaW Whe enWiUe e[WeUnal elliSVe iV VSaUkling. 

e. AfWeU man\ aSSlicaWiRnV Rf adheViYe, iW ma\ be neceVVaU\ WR VZaS RU clean Whe VSUa\ can
nR]]le. ReSlacemenW nR]]leV can be SXUchaVed in bXlk.
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FigXUe 46: The adheViYe iV VSUa\ed diagRnall\ fiUVW in Whe Ued diUecWiRn, When URWaWed aV VhRZn in
black, and VSUa\ed in Whe blXe diUecWiRn

FigXUe 47: The VXUface Rf Whe acU\lic iV Vhin\ and Wack\ afWeU Whe UeSRViWiRnable adheViYe VSUa\.

9. QXickl\ UemRYe Whe UeVW Rf Whe inWeUiRU SaSeU XVing a VSXdgeU WR Seel Rff Whe edge, When
immediaWel\ Slace Whe glXed VXUface face dRZn Rn Whe maWWe/SaWWeUned Vide Rf Whe laWe[ (Fig 48).
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a.  DR nRW WRXch Whe glXe RU e[SRVed acU\lic aV \RXU fingeUSUinWV Zill nRW be acceVVible
afWeU aVVembl\. 

FigXUe 48: AdheUing Rf Whe acU\lic ZindRZ WR Whe laWe[ afWeU UemRYing Whe inWeUiRU SaSeU

10. ASSl\ SUeVVXUe fRcXVed aURXnd Whe glXed edgeV fRU abRXW 30 VecRndV. A bUa\eU URlleU can be
XVed fRU WhiV.

11. Place Whe 2.5 mm laWe[ cXWWing WemSlaWe aURXnd Whe ZindRZ (Fig 49).

FigXUe 49: The laWe[ cXWWing WemSlaWe Slaced aURXnd Whe adheUed ZindRZ

12. UVe a felW maUkeU WR WUace aURXnd Whe RXWVide edge Rf Whe laWe[ cXWWing WemSlaWe (Fig 50).
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FigXUe 50: The laWe[ cXWWing WemSlaWe iV WUaced

13. RemRYe Whe cXWWing WemSlaWe.
14. UVing a SaiU Rf VciVVRUV, caUefXll\ cXW RXW Whe maUkeU WUaced elliSVe fURm Whe laWe[.

a.  CXW jXVW inVide Rf \RXU WUaced line.

FigXUe 51: TUaced figXUe WhaW iV cXW RXW Rf Whe laWe[

15. Again, SUeVV dRZn Rn Whe ZindRZ aURXnd Whe adheViYe VSUa\ed edgeV WR UeVeal an\ SlaceV WhaW
mighW haYe been UeleaVed Zhile handling and cXWWing.

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 44



16. RemRYe Whe Uemaining SaSeU Rf Whe acU\lic ZindRZ and Slace a VXcWiRn cXS RnWR iW in Whe cenWeU
Rf Whe ZindRZ. TU\ WR aYRid leaYing fingeUSUinWV Rn Whe acU\lic. DR nRW UemRYe Whe UecWangXlaU
VecWiRn fRU Whe bXbble mRdXle VeUial nXmbeU.

FigXUe 52: ASSl\ VXcWiRn cXS WR bXbble mRdXle

FigXUe 53: Final bXbble mRdXle befRUe Vealing band aSSlicaWiRn

 In Whe fRllRZing VWeSV, Wiming maWWeUV. CRmSleWe all VWeSV ZiWhin WZR minXWeV. 

17. STXee]e RXW an amRXnW Rf C\anRacU\laWe (CA) glXe abRXW Whe Vi]e Rf a dime RnWR Whe
SaUchmenW SaSeU VecWiRn (Fig 54).
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FigXUe 54: Sealing band and bXbble mRdXle SUeSaUaWiRn

18. UVing a diVSRVable SainWbUXVh, TXickl\ and WhRURXghl\ SainW aURXnd Whe elliSWical edge Rf Whe
acU\lic ZindRZ - Whe gRal iV WR cRYeU abRXW half Whe heighW Rf Whe ZindRZ fURm ZheUe Whe laWe[
meeWV Whe acU\lic WR Whe middle Rf Whe edge Rf Whe ZindRZ (Fig 55).

a. Be geneURXV and dR nRW miVV an\ VSRWV. IW can helS WR XVe a YiVXal cXe WR UemembeU
ZheUe Rn Whe acU\lic \RX VWaUWed. Be e[WUa caUefXl nRW WR leW an\ glXe geW in beWZeen Whe
laWe[ and acU\lic.

FigXUe 55: GlXe iV aSSlied WR Whe bRWWRm half Rf Whe acU\lic ZindRZ edge VWaUWing fURm Whe baVe ZheUe
Whe laWe[ meeWV Whe acU\lic

19. FRU laWe[ a WhickneVV Rf 0.45 mm, XVe a Vealing band ZiWh Whe RffVeW Rf 0.4 mm. If Whe WhickneVV
iV 0.65 mm, XVe a Vealing band ZiWh Whe RffVeW Rf 0.6 mm.

20. CenWeU Whe ZindRZ RYeU Whe Vealing band and genWl\ nXdge Whe Vealing band XnWil Whe Zell
aligned. PXVh Whe laWe[ and ZindRZ aVVembl\ VWUDLJKW GRZQ inWR Whe Vealing band XVing Whe
VXcWiRn cXS (Fig 56).

a. If \RX find WhaW Whe ZindRZ did nRW geW SXVhed in Whe acU\lic all Whe Za\, manXall\ SUeVV
dRZn Rn Whe VXUface Rf Whe ZindRZ XnWil iW fiWV inWR Whe Vealing band.
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FigXUe 56: AlignmenW Rf bXbble mRdXle RYeU Whe Vealing band

21. WiWh Whe aVVembl\ Rn VWill Rn Whe Wable, aSSl\ VWURng dRZnZaUd SUeVVXUe WR hRld Whe aVVembl\
WRgeWheU fRU aW leaVW fiYe minXWeV XnWil Whe glXe cXUeV. The gRal iV WR haYe Whe acU\lic VeaWed all
Whe Za\ dRZn inWR Whe Vealing band eYenl\.

22. AfWeU WheVe fiYe minXWeV, aWWach Whe bXbble cRnnecWRU-WXbing aVVembl\ and hand WighWen Whe
fiWWing. IWV final SRViWiRn VhRXld haYe Whe WXbing SRinWing dRZn WRZaUdV Whe clRVeVW edge Rf Whe
elliSVe (FigXUe 57).

FigXUe 57: CRmSleWed aVVembl\ Rf bXbble mRdXle

23. UVe cRmSUeVVed aiU dXVWeU chilling SURcedXUe WR VSUa\ Whe WXbing Rf Whe bXbble inflaWiRn SXmS
and inVeUW iW inWR Whe fiWWing-WXbing aVVembl\.

24. InflaWe Whe bXbble XS WR 30 mm (Fig 58) and UemRYe Whe SXmS aiU line.
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FigXUe 58: InflaWed bXbble mRdXle WR ma[ heighW, 30 mm

25.  DeWach an\ VWXck edgeV b\ Sinching Whe laWe[ and SXlling iW XSZaUdV Rff Rf Whe acU\lic SlaWe WR
make VXUe iW dReVn¶W bRnd SeUmanenWl\. 

a. If Whe laWe[ iV VWXck WR UeSRViWiRnable adheViYe VSUa\, iW Zill be leW gR aW WhiV VWage. 
b.  If Whe c\anRacU\laWe glXe cUeeSV XndeU Whe acU\lic and RnWR Whe laWe[, iW iV cUiWical WhaW

Whe laWe[ iV deWached befRUe iW fXll\ dUieV. 
c.  DR nRW SXll WRR haUd aV \RX ma\ accidenWall\ deWach Whe laWe[ fURm Whe inWenWiRnall\

glXed edgeV Rf Whe acU\lic SlaWe. 

FigXUe 59: PXlling Rff laWe[ WhaW iV VWXck WR Whe acU\lic

26. YRX ma\ chRRVe WR aSSl\ Rne mRUe aSSlicaWiRn Rf CA glXe Rn Whe Vide RSSRViWe Whe bXbble
beWZeen Whe acU\lic and Vealing band (Fig 60)

a. IW¶V imSRUWanW WR nRW VcUaWch RU geW glXe Rn Whe e[SRVed acU\lic VXUface. If glXe dReV
geW Rn Whe VXUface, immediaWel\ UemRYe ZiWh a cRWWRn lenV ZiSe. 
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FigXUe 60: ASSl\ing final la\eU Rf glXe beWZeen Vealing band and acU\lic

27. EYalXaWe Whe bXbble XVing Whe fRllRZing meWhRdV WR Vee if iW leakV.
a. STXee]e iW.
b. LeaYe iW Rn Whe Wable inflaWed fRU 24 hRXUV and eYalXaWe if iW deflaWeV .
c. FRU haUd WR WUack dRZn leakV, inflaWe and VTXee]e XndeU ZaWeU and lRRk fRU Win\ bXbbleV.

28. If \RX find a leak, deflaWe Whe bXbble and bUXVh CA glXe inWR cUackV beWZeen Whe laWe[ and
Vealing band aV dRne SUeYiRXVl\ in SWeS 26, WaUgeWing Whe leak\ lRcaWiRn.

29. DRcXmenW Whe neZ bXbble mRdXle in \RXU WUackeU, inclXding linkV WR an\ ShRWRV.
30. CRYeU Whe e[SRVed acU\lic ZindRZ ZiWh SainWeUV WaSe WR SURWecW fURm dXVW and VcUaWcheV.
31. CRngUaWV, \RX made a bXbble! AfWeU aVVXUing Whe bXbble iV nRW leaking, keeS Whe bXbbleV

deflaWed and VWRUed in a cRRl, daUk aUea.

FigXUe 61: CRmSleWed bXbble mRdXleV Rf YaUiRXV deVignV
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B8BBLE G5IPPE5 FAB AND A66EMBL<
6HH YLGHR: ³BXbble gUiSSeU ³fingeU´ aVVembl\, inclXding bXbble mRdXle and deSWh cameUa´

BHIRUH <RX 6WDUW
Ɣ WRUk in a Zell YenWilaWed aUea.
Ɣ GaWheU all WRRlV and maWeUialV belRZ.

7RROV
1. FDM 3D SUinWeU
2. 1.5 mm allen ke\
3. 2.5 mm allen ke\
4. 3.5 mm allen ke\
5. DebXUUing WRRl

MDWHULDOV
1. PlaVWic 3D SUinWeU filamenW
2. VHB dRXble Vided WaSe

FDVWHQHUV
3. M2 ZaVheUV, TW\ 16 (98269A430)
4. M3 ZaVheUV, TW\ 8 (93475A195)
5. M4 ZaVheUV, TW\ 4 (98269A420)
6. M2 [ 5 mm VRckeW head caS VcUeZV, TW\ 16 (91290A012)
7. M2 [ 10 mm VRckeW head caS VcUeZV, TW\ 8 (91290A017)
8. M3 [ 8 mm VRckeW head caS VcUeZV, TW\ 8 (91290A113)
9. M4 [ 14 mm VRckeW head caS VcUeZV, TW\ 4 (91290A150)
10. M2 heaW-VeW inVeUWV, 2.9 mm inVWalled lengWh, TW\ 16 (94180A307)
11. M3 heaW-VeW inVeUWV, 3.8 mm inVWalled lengWh, TW\ 8 (94180A331)
12. PXVh-WR-cRnnecW fiWWing cliSV, TW\ 2 (5779K433)

CRPSRQHQWV
1. 3D SUinWed SaUWV

a. PicR_CaVe_Back, TW\ 2
b. PicR_CaVe_FURnW, TW\ 2
c. BXbble_GUiSSeU_BRd\, TW\ 2
d. GUiSSeU_FingeU_MRXnW, TW\ 2

ũ 2021 TR\RWD RHVHDUFK IQVWLWXWH. PXEOLF. 50

https://www.mcmaster.com/98269A430/
https://www.mcmaster.com/93475A195/
https://www.mcmaster.com/98269A420/
https://www.mcmaster.com/91290A012/
https://www.mcmaster.com/91290A017/
https://www.mcmaster.com/91290A113/
https://www.mcmaster.com/91290A150/
https://www.mcmaster.com/94180A307/
https://www.mcmaster.com/94180A331/
https://www.mcmaster.com/5779K433/


3D PUinWing (STL) Image

GUiSSeU BRd\
AVVembl\

PicR CaVe Back.VWl

PicR CaVe FURnW.VWl

BXbble GUiSSeU BRd\.VWl

GUiSSeU FingeU MRXnW.VWl

2. LaWe[ bXbble mRdXleV (bXilW in VecWiRn ³BXbble MRdXle AVVembl\´), TW\ 2
3. PicR Fle[[, TW\ 2
4. USB 3.0 T\Se A VWUaighW WR MicUR B lefW angle e[iW 1 meWeU lRng RU leVV, TW\ 1
5. USB 3.0 T\Se A VWUaighW WR MicUR B UighW angle e[iW 1 meWeU lRng RU leVV, TW\ 1
6. AnkeU Vlim USB HXb
7. SchXnk WSG 32 RU RWheU gUiSSeU
8. USB 3.0 E[WenViRn

3D PULQWLQJ RI GULSSHU BRG\
The cRmSRnenWV Rf Whe gUiSSeU bRd\ aUe enWiUel\ 3D SUinWed. IW dReV nRW maWWeU ZhaW W\Se Rf SUinWeU \RX
haYe (hRbb\iVW RU cRmmeUcial). The\ haYe VXcceVVfXll\ been SUinWed Rn a MaUkfRUged X7, On\[, Ta] 6
and PUXVa i3 MK3.

PULQW 6HWXS
1. PUinW Whe GUiSSeU_FingeU_MRXnW (Fig 57) XVing Whe fRllRZing VeWWingV:

a. 100% infill
b. 85 degUee RYeUhang angle fRU VXSSRUW maWeUial
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FigXUe 62: STL mRdel Rf PaUW GUiSSeU_FingeU_MRXnW ZiWh VXSSRUW maWeUial in VliceU

2. PUinW Whe bXbble caVe and SicR fle[[ caVe SaUWV aW 20% infill, nR VXSSRUW maWeUial neceVVaU\

FigXUe 63: STL mRdel Rf SaUWV BXbble_GUiSSeU_BRd\, PicR_CaVe_FURnW, and PicR_CaVe_Back laid RXW
in Whe Vlicing VRfWZaUe ZiWh nR VXSSRUW maWeUial needed
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AVVHPEO\

1. GR WR a YenWilaWed aUea WhaW iV deVignaWed b\ \RXU inVWiWXWiRn WR be XVed fRU fXmeV.
2. UVe a VRldeUing iURn ZiWh a heaW-VeW inVeUW WiS WR InVeUW fRXU M3 heaW-VeWV inWR Whe fRllRZing

SRViWiRnV Rn each BXbble_GUiSSeU_BRd\.

FigXUe 64: M3 heaW-VeW inVeUWiRn fRU SaUW BXbble_GUiSSeU_BRd\. LRcaWiRnV ciUcled in Ued.

3. InVeUW fRXU M2 heaW-VeW inVeUWV inWR Whe fRllRZing SRViWiRnV Rn Whe BXbble_GUiSSeU_BRd\.

FigXUe 65: M2 heaW-VeW inVeUWiRn fRU SaUW BXbble_GUiSSeU_BRd\
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4. InVeUW fRXU M2 heaW-VeWV in Whe fRllRZing SRViWiRn inWR each PicR_CaVe_Back SaUW.

FigXUe 66: M2 heaW-VeW inVeUWiRn fRU SaUW PicR_CaVe_Back

5. In each Rf Whe GUiSSeU_FingeU_MRXnW SaUWV, cleaU RXW Whe fRllRZing hRleV XVing a debXUUing WRRl,
UeameU RU knife.

FigXUe 67: RemRYal Rf VWUa\ SlaVWic in Whe hRleV Rf SaUW PicR_CaVe_FURnW
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6. InVeUW a PicR Fle[[ inWR PicR_CaVe_Back SaUW. YRX VhRXld angle iW in and When VnaS iW in Slace. IW
VhRXld be Slaced in Whe fRllRZing RUienWaWiRn and bXWW XS WighWl\ againVW Whe XSSeU VXUface (Fig
68).

a. Make VXUe WR nRW WRXch Whe lenV RU emiWWeU ZindRZ Rf Whe SicR fle[[.

FigXUe 68: PicR Fle[[ inVeUWed inWR SaUW PicR_CaVe_Back

7. InVeUW each USB inWR a SicR fle[[ in Whe PicR_CaVe_Back aVVembl\ (Fig 69).
a. AWWach Whe UighW angle USB WR Whe SicRfle[ in Whe PicR_CaVe_Back aVVembl\.
b. AWWach Whe lefW angle USB WR Whe RWheU SicRfle[ in Whe PicR_CaVe_Back aVVembl\.

FigXUe 69: RighW and LefW USB cableV inVeUWed inWR PicR Fle[[eV
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8. UVing a debXUUing WRRl, UeameU RU knife, caUefXll\ clean RXW all hRleV in bRWh SaUWV
PicR_CaVe_FURnW.

FigXUe 70: Clean RXW hRleV ciUcled in Ued fRU SaUW PicR_CaVe_FURnW.

9. InVeUW fRXU M2 ZaVheUV and faVWen fRXU M2 [ 5 mm VRckeW head caS VcUeZV in each
PicR_CaVe_FURnW SaUW and VcUeZ RnWR SaUW PicR_CaVe_Back XVing a 1.5 mm allen ke\.

FigXUe 71: MRXnWing Rf SaUW PicR_CaVe_FURnW RnWR PicR_CaVe_Back WR VecXUe Whe SicR fle[[.

10. InVeUW fRXU M2 ZaVheUV and faVWen fRXU M2 [ 10 mm VRckeW head caS VcUeZV in Whe fRllRZing
SRViWiRnV Rn PicR_CaVe_Back inWR each BXbble_GUiSSeU_BRd\ SaUW XVing a 1.5 mm allen ke\

FigXUe 72: MRXnWing Rf SaUW PicR_CaVe_Back RnWR BXbble_GUiSSeU_BRd\
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11. AWWach BXbble_GUiSSeU_BRd\ WR GUiSSeU_FingeU_MRXnW.
a. Slide Whe USB in fiUVW WhURXgh Whe RSening Rf GUiSSeU_FingeU_MRXnW aV Veen in Fig 73.
b. ReSeaW fRU Whe RWheU aVVembl\.

FigXUe 73: USB cable inVeUWed WhURXgh Whe RSening Rf GUiSSeU_FingeU_MRXnW

12. InVeUW fRXU M3 ZaVheUV and fRXU M3 [ 8 mm VRckeW head caS VcUeZV inWR each
BXbble_GUiSSeU_BRd\ SaUW and aWWach iW WR GUiSSeU_FingeU_MRXnW XVing a 2.5 mm allen ke\
fRllRZing a WRUTXe SaWWeUn.

FigXUe 74: MRXnWing Rf SaUW GUiSSeU_FingeU_MRXnW Rn WR SaUW BXbble_GUiSSeU_BRd\
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13. AWWach Whe WXbe fiWWing cliS ZiWh a WhUead fRUming VcUeZ WR Whe hRle in each GUiSSeU_FingeU_MRXnW
XVing a VcUeZdUiYeU. The alignmenW cliS iV XVed WR hRld Whe SXVh-WR-cRnnecW cRnnecWRU Rf Whe
fiWWing-WXbing aVVembl\. Align Whe cliS VR WhaW iWV RSening iV SaUallel WR Whe XVb cable (Fig 75).

FigXUe 75: AlignmenW cliS VcUeZed RnWR SaUW GUiSSeU_FingeU_MRXnW

14. PXVh Whe SXVh-WR-cRnnecW fiWWing inWR Whe cliS RnWR each GUiSSeU_FingeU_MRXnW.

FigXUe 76: PXVh-WR-cRnnecW fiWWing inVeUWed inWR Whe cliS

15. InVeUW fRXU M2 ZaVheUV and fRXU M2 [ 5 mm VRckeW head caS VcUeZV inWR each
GUiSSeU_FingeU_BRd\ and XVe an 1.5 mm allen ke\ WR aWWach Whe bXbble mRdXle aVVemblieV
fURm VecWiRn BXbble MRdXle AVVembl\ - VhRZn in figXUe 77.
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FigXUe 77: BXbble mRdXleV mRXnWed RnWR BXbble_GUiSSeU_BRd\.

16. If deViUed, WR aWWach Whe bXbble gUiSSeU aVVembl\ WR SchXnk WSG 032 gUiSSeU, inVeUW WZR 4 mm
ZaVheUV and WZR M4 [ 12 mm VRckeW head caS VcUeZV inWR each GUiSSeU_FingeU_MRXnW and
mRXnW VecXUel\ WR Whe SchXnk XVing an M3 allen ke\.

a. UVing Whe SURYided CAD, Whe GUiSSeU_FingeU_MRXnW can be mRdified WR fiW \RXU gUiSSeUV
aV Zell.

17. VHB WaSe Whe USB hXb WR Whe gUiSSeU.
18. AWWach Whe USB 3.0 e[WenViRn WR Whe USB hXb and \RXU laSWRS.
19. PlXg Whe WZR USBV inWR Whe hXb.

FigXUe 78: BXbble gUiSSeU aVVembled RnWR VchXnk
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P5E6685E 6EN6ING 6<67EM
The SUeVVXUe VenVing V\VWem cRnViVWV Rf a micURcRnWURlleU and WZR SUeVVXUe VenVRUV WhaW aUe
cRnnecWed WR Whe SaiU Rf SRfW-BXbble gUiSSeU fingeUV. The SUeVVXUe UeadingV can be RbVeUYed Zhile
inflaWing Whe bXbbleV WR a ceUWain SUeVVXUe, XVed WR XndeUVWand Whe VWaWe Rf a gUaVS RU cRnWacW, XVed WR
deWecW leakV, eWc. The cRmSacW, lighWZeighW V\VWem can be mRXnWed diUecWl\ RnWR Whe URbRW¶V end
effecWRU if deViUed.

6HH YLGHR: ³PUeVVXUe VenVing elecWURnicV aVVembl\´

FigXUe 79: PUeVVXUe SenVing S\VWem

BHIRUH <RX 6WDUW
1. WRUk in a Zell YenWilaWed aUea
2. GaWheU all WRRlV and maWeUialV belRZ

7RROV
1. 1.5 mm Allen ke\
2. TemSeUaWXUe cRnWURlled VRldeUing iURn
3. Bench WRS fXme abVRUbeU
4. SRldeU VcRXU Sad ZiWh meWal bUaVV ZiUe
5. WiUe VWUiSSeU/cXWWeU
6. ViVe
7. PlieUV

MDWHULDOV
1. PLA filamenW (1 kg VSRRl)
2. PXVh-WR-CRnnecW TXbe FiWWing fRU AiU, W\e CRnnecWRU (4 mm TXbe OD) (5225K85)
3. 2 mm ID, 4 mm OD SRfW PVC PlaVWic TXbing (5233K112)
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FDVWHQHUV
1. M2 heaW-VeW inVeUWV, 2.9 mm inVWalled lengWh, TW\ 12 (94180A307)
2. M2 [ 5 mm VRckeW head caS VcUeZV, TW\ 12  (91290A012)

CRPSRQHQWV
1. 3D SUinWed SaUWV

a. MicURcRnWURlleU fi[WXUe, TW\ 1
b. 3D SUinWed SUeVVXUe VenVRU V\VWem mRXnW, TW\ 1

2. USB Cable A WR C, TW\ 1
3. SSaUkFXn RedBRaUd AUWemiV NanR, TW\ 1 (DEV-15443)
4. SSaUkFXn QZiic MicURPUeVVXUe SenVRU, TW\ 2 (SEN-16476)
5. 50 mm QZiic Cable, TW\ 1 (PRT-14426)
6. 100 mm QZiic Cable, TW\ 1 (PRT-14427)
7. PXVh-WR-cRnnecW fiWWing cliSV (5779K433)

3D PUinWing (STL) Image

PUeVVXUe SenVRU S\VWem

MicURcRnWURlleU Fi[WXUe.VWl

PUeVVXUe SenVRU S\VWem
MRXnW.VWl

TXbe CRnnecWRU Fi[WXUe.VWl
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AVVHPEO\
1. CXW Rff 20 mm Rff Rne end Rf Whe 100 mm QZiic cable (Fig 80).

FigXUe 80: One cRnnecWRU end Rf Whe 100 mm QZiic cable iV cXW Rff.

2. Peel aSaUW Whe \ellRZ, blXe, Ued, and black ZiUeV.

FigXUe 81: The fRXU ZiUeV aUe Seeled aZa\ fURm each RWheU.

3. UVing a ZiUe VWUiSeU, VWUiS Rff 5 mm Rf Whe ZiUe inVXlaWiRn fRU each ZiUe (Fig 82).
a.  Be caUefXl WR nRW UiS Rff Whe acWXal ZiUe inVide Rf Whe caVing. 
b. Fan RXW Whe cRSSeU VWUandV in each ZiUe and WZiVW Whem WRgeWheU fRU VWUengWh
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FigXUe 82: The ZiUe VWUiSSeU iV XVed WR VWUiS Rff 5 mm Rf caVing fRU each ZiUe

4. TXUn Rn Whe VRldeUing iURn and YenWilaWiRn.
5. A clRVe YieZ Rf Whe micURcRnWURlleU (SSaUkFXn RedBRaUd AUWemiV NanR) iV Veen in Fig 83.

HighlighWed aUe Whe SinV Whe QZiic cable cXW in SWeSV 1-3 Zill be VRldeUed WR ZheUe Whe
UeVSecWiYe cRlRUV Rf Whe ZiUe aUe called RXW b\ cRlRUed aUURZV Rn Fig 83.

a. SRldeU Whe ZiUeV WR Whe SinV baVed Rn Whe fRllRZing:
i. (QWIIC cable, Ued ZiUe) <²> 3.3V (AUWemiV nanR)
ii. (QWIIC cable, black ZiUe) <²> GND (AUWemiV nanR)
iii. (QWIIC cable, blXe ZiUe) <²> Pin 13 (AUWemiV nanR)
iY. (QWIIC cable, \ellRZ ZiUe) <²> Pin 11 (AUWemiV nanR)

FigXUe 83: Each cRlRUed ZiUe iV VRldeUed WR Whe SinV aV maUked b\ cRlRUed aUURZV.
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6. CXW Rff Whe e[ceVV e[SRVed ZiUe WR SUeYenW elecWUic VhRUWing.
Fig 84:

7. Slide Whe micURcRnWURlleU aVVembl\ inWR Whe 3D SUinWed micURcRnWURlleU fi[WXUe in SRViWiRn VhRZn in
Fig 85.

a.  Be caUefXl WR nRW UiS Rff ZiUe VRldeUed WR Whe bRaUd. 

FigXUe 85: The micURcRnWURlleU inVeUWed inWR Whe micURcRnWURlleU fi[WXUe.

8. AWWach Whe 50 mm QZiic cable WR Whe QZiic cRnnecWRU highlighWed in Ued in Fig 86 Rn Whe
micURcRnWURlleU.

FigXUe 86: The 50 mm QZiic cable iV aWWached WR Whe QZiic cRnnecWRU Rn Whe micURcRnWURlleU.

9. RemRYe Whe VXSSRUW maWeUial fURm Whe 3D SUinWed SUeVVXUe VenVRU V\VWem mRXnW (Fig 87).
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FigXUe 87: The VXSSRUW maWeUial iV UemRYed fURm Whe inWeUiRU Rf Whe mRXnW.

10. UVing a VRldeUing iURn ZiWh a WiS fRU M2 heaW-VeWV, inVeUW Whe 12 heaW-VeWV inWR Whe SRckeWV
defined b\ Whe Ued ciUcleV in Fig 88.

FigXUe 88: HeaW-VeWV aUe inVeUWed inWR Whe 12 SRckeWV.

11. InVeUW Whe micURcRnWURlleU fi[WXUe inWR Whe SUeVVXUe VenVRU V\VWem mRXnW. The USB cRnnecWRU
VhRXld be facing Whe RSening aV VhRZn Rn Whe Vide Zall in Fig 89.
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FigXUe 89: MicURcRnWURlleU fi[WXUe iV inVeUWed ZiWh USB cRnnecWRU facing Vide RSening.

12. UVing fRXU M2 [ 5 mm VRckeW head caS VcUeZV and a 1.5 mm allen ke\, VcUeZ Whe fi[WXUe WR Whe
mRXnW VWaUWing ZiWh Rne cRUneU and gRing in a WRUTXe SaWWeUn (Fig 90).

a. DR nRW WighWen XnWil all VcUeZV aUe aSSlied.

FigXUe 90:: MicURcRnWURlleU fi[WXUe iV VcUeZed RnWR Whe SUeVVXUe VenVRU mRXnW

13. Place Whe WZR SUeVVXUe VenVRUV in Whe SRViWiRn VhRZn in Fig 91.

FigXUe 91: PUeVVXUe VenVRUV aUe Slaced Rn Whe SUeVVXUe VenVRU mRXnW in Whe RUienWaWiRn VhRZn
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14. UVing fRXU M2 [ 5 mm VRckeW head caS VcUeZV, VcUeZ Whe SUeVVXUe VenVRUV WR Whe mRXnW,
VWaUWing aW Rne cRUneU and gRing in a WRUTXe SaWWeUn (Fig 92).

a. DR nRW WighWen XnWil all VcUeZV aUe aSSlied.

FigXUe 92: PUeVVXUe VenVRUV aUe mRXnWed VecXUel\ RnWR Whe SUeVVXUe VenVRU mRXnW

15. CRnnecWing Whe SUeVVXUe VenVRUV (Fig 93):
a. PUeVVXUe SenVRU 1 iV aVVigned WR Whe QZiic cable WhaW ZaV cRnnecWed WR Whe cRnWURlleU in

SWeS 6. InVeUW Whe fUee end Rf Whe QZiic cable inWR Whe SUeVVXUe VenVRU 1.
b. PUeVVXUe SenVRU 2 iV aVVigned WR Whe QZiic cable WhaW ZaV VRldeUed RnWR Whe

micURcRnWURlleU. InVeUW Whe fUee end Rf Whe QZiic cable inWR SUeVVXUe VenVRU 2.

FigXUe 93: QZiic cableV aUe cRnnecWed WR Whe UeVSecWiYe SUeVVXUe VenVRU

16. MRXnW Whe SUeVVXUe VenVing V\VWem RnWR Whe URbRW end-effecWRU XVing VHB WaSe (Fig 94)
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FigXUe 94: PUeVVXUe VenVing V\VWem mRXnWed RnWR Whe URbRW end effecWRU

17. InVeUW Whe USB C cable end inWR Whe cRnnecWRU Rn Whe micURcRnWURlleU and Whe USB A end inWR
Whe USB hXb (Fig 95).

18. ScUeZ fRXU SXVh-WR-cRnnecW fiWWing inWR Whe cRnnecWRU bUackeW and aWWach iW WR Whe gUiSSeU.
19. CXW WZR SieceV Rf WXbing (Rne fRU each bXbble), 8 incheV lRng. ASSl\ Whe cRmSUeVVed aiU dXVWeU

RnWR bRWh endV Rf Whe WXbing and inVeUW Rne end inWR each Z\e cRnnecWRU and Rne end inWR each
bXbble¶V bXbble fiWWing-WXbing aVVembl\ VSecified in FigXUe 95.

20. CXW WZR SieceV Rf WXbing (Rne fRU each SUeVVXUe VenVRU), 8 incheV lRng. ASSl\ Whe cRmSUeVVed
aiU dXVWeU RnWR Rne end Rf Whe WXbing and inVeUW iW inWR Whe Z\e cRnnecWRU. ReSeaW fRU Whe RWheU
Siece Rf WXbe ZiWh Whe RWheU Y cRnnecWRU.  InVeUW Whe RWheU end (Whe Vide ZiWh nR cRmSUeVVed aiU
dXVWeU aSSlied) RnWR Whe SUeVVXUe VenVRU VhRZn in FigXUe 95.

21. CXW WZR SieceV Rf WXbing, 3 incheV lRng, and aSSl\ Whe cRmSUeVVed aiU dXVWeU WR bRWh endV.
InVeUW Rne end WR Whe Z\e cRnnecWRU and Whe RWheU end WR Whe SXVh-WR-cRnnecW fiWWing ZiWh VhXW Rff
YalYe fRU aiU Rn Whe end ZiWh nR check-YalYe V\mbRl (Fig 95).

FigXUe 95a, 95b, 95c: Final SRfW-BXbble gUiSSeU aVVembl\ ZiWh SUeVVXUe VenVing V\VWem

22. CRngUaWV \RX haYe VXcceVVfXll\ made Whe SUeVVXUe VenVing V\VWem!
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