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Implementing Six Sigma Tools in ADEST
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mm@ Six Sigma - Why we do it

« Communication
— within the team
— with the customer
— with our suppliers
 Data driven decisions
— Defining the problem
— Confirming we have a solution
— Monitoring the health of the process
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””E’:”’;"\ Evolution of a Project - Define

the Problem

- During a training exercise, several loads rolled over due to the
M-1 Canopy Release not activating

« A General Officer was present and issued a memorandum
directing the design of a replacement release
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RDEC. @

atammmalfunction

Failure Mode Occurance
(% of Total Heavy Equipment Drop Malfunctions 1994-2006)

Extraction by Mains,
1.37%

Non-Release Related
Rollover, 1.91%

Other, 3.55%

Over Rotation, 4.64%

M1 Failure, 7.65%

Drogue Jettison/Loss of
Extraction (No Drop),
36.34%

Delayed Extraction,
11.48%

Description Occurrence
Drogue Jettison/Loss of
Extraction
(No Drop) 133
Loss of Parachute(s) 121
Delayed Extraction 42
M-1 Failure 28
Over Rotation 17
Other 13
Non-Release Related Rollover 7
Extraction by Mains 5
Total 366
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RDECOM

Do we Need an Improved Canopy Release?

Pareto Chart of Malfunction Modes
(Heavy Equipment Drop Malfunctions 1994-2005)

40% —0 100%
35% +
+ 80%
30% +
25% T mm Failure Mode Occurance (%) 1 60%
—8— Cummulative Percentage
20% +
15% + T 40%
10% +
T 20%
% | I
0% | ‘ % % ..-LO/
Drogue Loss of Delayed M-1 Failure  Over Rotation Other Non-Release Extraction by
Jettison/Loss Parachute(s)  Extraction Related Mains
of Extraction Rollover
(No Drop)
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RIIEEHII;I\ Mo we really need to redesign from scratch?

— Is it a quality issue?

Pareto Chart of M-1 Malfunction Modes
(Heavy Equipment Drop Malfunctions 1994-2006)
60% 100%
50% + | goon
40% +
s Failure Mode Occurance (%) 1 60%
—8-— Cummulative Percentage
30% +
+ 40%
20% +
+ 20%
N l
0% - ‘ ‘ - 0%
Timer Failed (Did not drop/Timed out Other Critical Angle Not Achieved
early)
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HSL Pendant - 50 Foot

RDECOM

MISSION: Improve helicopter sling load (HSL)
operations in adverse environmental conditions.

liern Characteristics

Length: 50 ft
15,000-pound capacity

Constructed from loops of braided
VECTRAN

Improved sand resistance (extruded
cover)

Problern

- Initial production lot failed to meet
strength requirement — 75 kip

- Critical need for 101st during current
deployment
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A nderson-Darling Normality Test

A -Squared 0.47
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B D E’E I:J‘L'Llj.l'\ul\ Coat Kevlar

sleeve material

I y strands with black Braid Keviar

Poyurethane
Wind Vectran Braid Kevlar Cut, Lay-up and
fibers into strands (12-Strand) Splice
Cut Kevlar sleeve
Print serialized to size
labels
Over-tape entire
Lock stitch splice Pull to 9000 Ibs assembly with
Teflon tape Cut shrink wrap
tubing to size
I A
. . - Disconnect
Link Successive Over braid linked Pressure extrude . . ) Add Kevlar
assemblies assemblies with linked assemblies BRI |, Add shrink tube >  sleeving to »  Align Loops
. polyurethane from label
together polyester (PET) with polyurethane pendant eyes
eye area
Coat Nylon cord
Braid Nylon cord > with black
Poyurethane
. . Whip loops over .
Produge HDPE Add HDPE bearing Tape' bearing pad eye and bearing > Tension Assembly » Over-mold eyes
Bearing Pad pad in place pad to 9000 Ibs
DCMA Inspection .
Allow over-mold to —» Coiland Store ¥ and Test Article > Pass? Yes—p Accept and Ship
set ! Pendants
Selection
No
Do not accept
pendants
) - . Test pendant to Evaluate and
Ship to test facility » Cycle Conditioning » - |
destruction record results VA R FIGH ‘.'D
BTN T WO (]
Lll ‘I\JI_I'\\J\JIFIELJ



RBRDECOM

INK method

is cutting fibers Eimolding te:‘s.i':):til:;
Eye size e .
Extrusion yest device Thickness
/ Biased (performed by producer) / consistency
Extrusion is Insufficient Consistency < Extruder
binding fibers .
Inspection Taping machine
Speed

Crosshead speed Conditioning
\ Cycle rate \
Test Procedure / »
Pin diameter

Fibers cut during
excess removal

Unclear criteria

Separation after extrusion /

Inspected by cutter

Insufficient spacing

Comparison to
hand taped

Pre-Tension
process

Braider —» Suitability to application

Test Equipment/Facility

Calibration
Lay-up Technique
Winder/Twister

Loop alignment

Low Strength

Production \
Training /
Testers

\ 4

Experience

Variation between
personnel

\ Testers

DCMA Rep

Knowledge of
item production

Manpower

v

Pendant

Shrink wrap tubing
PET overbraid
Vectran

Effecting movement
of Vectran strands

Diameter too

Urethane
small

Production

Consistency of Temperature

Personnel Linkage material

Material strength
Kevlar Sleeve

Bearing Pad

Nylon cord

(for whipping) Location

Constricting effect
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roEcom ) Breaking Strength Statistics

« Early Production
— Mean: 85,176 Ibs
— SD: 7,096 Ibs
— Confidence (breaking strength > 75,000 lbs): 91.17%
— Cpk =0.48
 After implementing improvements
— Mean: 98,550 lbs
— SD: 3,746 Ibs
— Confidence (breaking strength > 75,000 lbs): 99.44%
— Cpk =2.10
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Histogram of T11 Fabric Cover, T11 Girth hitch and T10 Metal Cover - Regular Pull

Normal
25- Variable
Fabric Cover - correct
— — Girth Hitch
Metal Cover
20
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O 15-
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RDFCOM Old CRA vs. New CRA Statistics

Total Jumps Failures Reliability at 95%
Confidence

Old CRA Design 2855 1 99.834%

New CRA Design 308 2 97.970%
Two-Sample Proportion Test What This Means

Sample1 Sample 2 : . :

Sample Size 285')05 308p There is a Statistical difference
Failures 1 o between the Old CRA and the New
Proportion 0.00035 0.00649 CRA design.

Null Hypothesis: P1 = P2

Alternative Hyp: P1 <> P2 Even though testing has shown

Difference _0.00614 that i.t is more likely for the Old
SE (diff) 0.00185 Fabric cover to come off. The New
Z (uncorrected) -3.33 P 0.0009 CRA is more likely to fail.

Z (corrected) -2.35 P 0.0186
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pRMY Mgy

roecom ®» MC-6 Production Contract @

 to multiple manufacturers

— Ensure that all manufactures can build the
part

— Ensure that all parts from all manufactures
look, function and perform the same

— Once in production - need to make sure the
process stays in control
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RDECOM Get the data

e Data from:

 Multiple vendors

* Measured by 3 sources
— Where and How to Measure non-rigid Textile items
— Hand tension vs. load cell
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RDECOM )

Finished Dimensions

SF-10A Inspection Sheet SF-10A Inspection Sheet
Serial Number: ] [ Serial Number: 0 ]
Tocation Cage Code Date of Manufacture Thspocion Date Thspector Name Fomidiy
Extended Gore | Braking Gore By R Line | Drive Vent Upper Vent Line| Lower Vent Line Lower Drive Upper Drive | Upper Slotted| Lower 3rd | Lower 3rd | Upper 3rd T Suspension Extended N Control .
Overall |55 panel Main| 2nd Panel | 2MdPanel |Brake Sloff Suspension|  Line | avochmen| Mesh Main | Brake Slot | ventline | “5u oot Atiachment |8 €755 Vent wesh [-0Wer 29 Panell ol Mesh | Gore Cross | Panel Gross| Panel Cross| Panel Gross | /e Band | Suspension| =5 Lower | e Line| COntrolLine | Middle ;0 e CONtTO! Line
Main Seam - Main Seam | Distance | Line Loop | Attachment Main Seam | Attachment Seam Cross Seam Cross Seam Line Control Line P Limiter A | Control Line Limiter C
Seam Main Seam Offset | Seam Offset Offset Cross Seam Cross Seam | _ Seam Seam Seam Seam Attachment Limiter B
Sheet 2 Sheet 6 View | Sheet 6 View Sheet 7 Sheet 7 Sheet 7 | Sheet7 FN | Sheet 7 FN |Sheet 7 FN| Sheet 7 FN |
Location View H Sheet 6 View L L L Sheet 6 Sheet 5 Sheet 5 Sheet 5 Sheet 4 Sheet 4 Detail H Sheet 7 Detail H| Sheet 7 Detail H | Sheet 2 Sheet 2 Sheet 2 Sheet 4 Sheet 4 Sheet 2 Sheet 2 Sheet 2 Detail BJ Sheet 7 Sheet 7 Sheet 7 FN 48 16 a2 16 16
Splitto g 1o
Dimension G Note 1a Note 1b Note 1c Note 1 Note 2 A B A B F [ D D [ E Ring to Skirt | Ring to Split | Control S\ASpp Line
Line -
Measuring | Quiside - 11 qe _ jngide | nside - Insidef Inside - Inside |Eos - EoT| S IS | 5 o | EoT - Eos [ OuSde- | OuSde - Fe o goypf o7 Eos Eos-Eor | Outside- | Outside- o ige ngige | Outside- | Outside- ] Outside - | Outside - |- Outside - | Qutside - e, £ oGt - Eoc| EoG- EoL |MM-MM[ MM-mm | nvi-nm | wvi-wmt | wmt- wmt
Points Outside LLB Inside Inside Inside Inside Inside Inside Inside Inside Inside Inside
Tension b T b b b HT HT HT HT HT HT HT HT HT HT HT HT HT HT HT HT HT b HT b T b b b o
B
[
Average |_#DIVIOL #DIVIOL #DIVIOL #DIV/OL | #DIV/oL | _#DIv/ol_|_#DIviol | #DIViol_|_#DIViol_|_#DIViol_|_#DIvioL #DIVIOL | DIVl #DIVIOL #DIVIOL #DIV0L_|_#DIviol_|_#DIviol_|_#DIviol_|_#Diviol | _#Diviol | _#bivior | _#DIviol | #DIviol |_#DIviol | _#biviol ] #Divior | #owior
STD DEV #DIV/0l__| #DIV/0L | #DIV/0L_|_#DIV/ol | #DIV/0l_| _#DIV/ol_| _#DIViol_| #DIV/oL #DIVI0L|_#DIV/ol #DIVOL 1 #DIVI0L_|_#DIV/0l
Median I #NUML #NUM! #NUMI_| #NUMI #NUML #NUM! #NUMI #NUML_T #NUM!
Range 0.000 0.000 0.000 0.000 0.000
|_Target | 175500 | 106.000 17500 | 5500 | 0875 | 22750 | 2000 |
| Maximum | 178500 | 107.000 | 1125 | 23250 |
[“Minimum | 172500 | 105.000

EoS = End of Stitching

EoT = End of Tape

LLB = Lower Lateral
Band

EoVB :BEE’:‘z of Vent {201 - Inside Edge of Connector Link

EoC = End of
Cord

EoL = End of
Loop

MM = Match Mark

EoS = End of Stitching

EoT = End of Tape

LLB = Lower Lateral Band

EoVB = End of Vent Band

IEoCL = Inside Edge of
Connector Link

|EOC =End 00| Eol = End ull
Cord Loop

MM = Match Mark

Version 1

MP 17 Jan 2006

Version 1
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MP 17 Jan 2006
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RDFCOM CTQs

Overall System: Drawing 11-1-7407, SF-10A Main Parachute Assembly
Sub System: Canopy Assembly
Drawing Sheet | Zone Description Dimension Location Tension
11-1-7401 3 F5 Skirt Band 26 - 28 Inside Edge of Seam to Outside Edge of Seam for, Hand Tension

Symmetry 1 1/2 Gores 1, 11, 18, 22 and 26
Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 4 F3 Basic Gore Main Seam 180+21/2 Pairs Shall be Within 2 inches of Each Other 3+1/21Ibs
. Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 5 G5 Slotted Gore Main Seam 180+21/2 Pairs Shall be Within 2 inches of Each Other 3+1/2lbs
. . . Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 5 Cé6 Drive Vent Gore Main Seam | 1791/8 +2 1/2 Pairs Shall be Within 2 inches of Each Other 3+1/21bs
Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 6 D5 Blank Gore Main Seam 178 5/8 £+ 2 1/2 | Pairs Shall be Within 2 inches of Each Other for 3+1/21Ibs

Gores 6 and 23

Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 6 D4 Blank Gore Main Seam 180+21/2 Pairs Shall be Within 2 inches of Each Other for 3+1/21lbs

Gores 7 and 22, 5 and 24

. . Outside Edge of Vent to Outside Edge of Skirt,

11-1-7401 6 D1 Braking Gore Main Seam 1791/4 £ 2 1/2 Pairs Shall be Within 2 inches of Each Other 3+1/21bs

11-1-7401 11 D8 Overall Brake Slot Length Within 1 inch of| End of Tape to End of Bartack. Record both Hand Tension

Each Other lengths and subtract for length difference.
Top of Connector Link to Match Mark for Gores 1,

11-1-7401 13 D1 Suspension Line Length 2561/2+21/4 11. 18, 22, and 26 14 Ibs
11-1-7401 14 C3 FN 42 - FN.46 Control Line See Table See Table Hand Tension
Grouping Length
11-1-7401 14 B7 Control Line Routing See Detail E See Detail E
11-1-7401 1g | gg | BXtended Gore Traiing Edge | 15, 4/, 1 /4 Inside to Inside of Horizontal Tapes Hand Tension
(Dimension "B")
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RrRDECOM » Control

 Production lot sampling
« CTQ data recorded
« Control Charts

Xbar/R Chart for Supp?2
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RDFECOM Bottom Line

» Just another tool in our toolbox
» Appreciate all the efforts of our suppliers

* Will be used in other programs, e.g. T11,
JPADS, etc.
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RDECOM Gores 9 - 20

Process Capability Sixpack of Company X Gores 9-20
Xbar Chart Capability Histogram L O l I I p a n y

UCL=180.701 LsL =8
c I I Specifications
3 180 | | LSL 177.5
K N~ T X=179372 I | UsL 182.5
g | \ — —
L]
a |
178 LCL=178.044
12 3 4 5 6 7 8 9 10 11 1 176 177 178 179 180 181 182 183
R Chart Normal Prob Plot — p — -
UCL=6.648 AD: 0.532, P: 0.170
-
s /-\\/./'/\ R=3.567
L =3.
é 2 \/ — — .
& —
LCL=0486

0.0
1 2 3 4 5 6 7 8 9 10 11 12 175.0 177.5 180.0 182.5
— ev =
Capability Plot — n

183 . Within Within
. . StDev  1.25274
@ H ° ° s °
2% i i i ! ] G 067 Overal
s e 8 [ . $ ¢ Ccpk 0.5
177 o o LI .
T T T T + T Specs
2 4 6 10 2
Sample
Process Capability Sixpack of Company Y Gore 9-20 Y ( :O m a n Y
Xbar Chart Capability Histogram
S5 ucL=181.427 T = —
c Specifications
3 1510 | | ISL 177.5
= ,/./.\ U NG = | | UsL 182.5 —
] - X=180.787 - —
E s M e | | —_ .
& |
LCL=180.147
1 2 3 4 5 6 7 8 9 10 11 12 177 178 179 180 181 182 183 184 < ; k 6 1
— —
S Chart Normal Prob Plot p L]
15 AD: 0.795, P: 0.039
N uCL=1379
o
2 —
PR P S S-0017 — —
K] - —— 0. -
i v

05 LCL=0.456 3
i1 2 3 4 5 6 7 8 9 10 11 12 178 180 182 184 t e V —
L]

Last 12 Subgroups Capability Plot

184 . Within Within
4 StDev  0.93016 || +——t|

% 180 ! H ! l i ! ! = % ; ! i & 09 Overal

s e 8§ o o . % . . cpk  0.61
°
176 T T T T T T Specs
2 4 6 8 10 12
Sample
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