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Article history:

Remanufacturing has attracted increasing attention for its importance role in

Received 22 August 2018 sustainable development and for being one of the most important green
Revised 20 September 2018 technologies. Remanufacturing is expanding into various industries such as
Accepted 4 October 2018 machinery, construction machinery, shipbuilding, and aerospace. In this study, a
standard remanufacturing process for an industrial hydraulic cylinder was
Keywords: . developed by using remanufacturing process analysis and failure mode and effect
Remanufacturing analysis (FMEA). Moreover, improvements were found for resolving the critical
Hydraulic: cylinder process. Finally, evaluation of the remanufactured hydraulic cylinder was
FMEA conducted according to a reliability standard, to check its performance (output of
Standard process the cylinder). The developed remanufacturing standard process resulted in
Performance evaluation increased productivity and remanufacturing of a like-new product.
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- Size - @80 55 550

- Type : Tie Rod

- Working pressure : 140 kgf/em?® (13.7 Mpa)
- Standard : JIS B 8354

Fig. 1 The object of study: hydraulic cylinder
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ture U
Rod Head Set Rod O-ring +| Piston
Name | Tube Rod Piston Tie rod | Hex nut | Washer | Rod end Dust seal| wear |Rod seal 9 N O-ring | Oil cap
cover cover screw ring BUR packing
Num-
b 1 1 1 1 1 4 4 4 1 1 1 1 1 2/2 5 1 2
er
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We- 1ev2y | 2937
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Fig. 2 The object of study: hydraulic cylinder
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| Disassembly Process |

Disassembly Time

300 200 100 o ¢

2 4 6 8 10 12 14

Process

Problem

Improvement

(Process no. 3)

Disassembly of Rod cover

- Disassemble rod cover using hammer -3
carefully workdng for damage
- Fall of tie rod after disassembling

-Develop the special Jig&Fixture
- Change the sequence of process
(disassemble the tie rod firstly)

Unscrew
{Process no. 4)

- Gripping is not easy
- Mamally working(can't use common tool)

- Change design of tie rod
-Develop special tool

Unscrew
(Process no. 7)

- Bad point of disassembling view

-Relocate the set screw
(vertical direction of assembling piston)
- Change the size of set screw

| Reassembly Process |

Reassembly Time

150 100 50 o © - 3 4 5 E 7 g g
e A AP S ST i A A A S s
I

Process

Problem

Improvement

Screw
(Process no. 3)

- Difficult machining at facing swrface of pistion and rod

- Change the size of set screw
{considering machining point)

Screw
(Process no. 11)

- Gripping is not easy(can't use common tool)

- Change design of tie rod : make the slotted or
hexagonal socket = assemble using tool
-Develop special tool

Fig. 3 Analysis about disassembly and reassembly process of hydraulic cylinder
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Table 1 Failure mode analysis of hydraulic cylinder

No Failure mode Failure effect Failure cause
1 Damaged O-ring Oil leak
- Using sharp tool when assemble seal and packing
2 | Damage and abrasion of seal and packing Oil leak
3 | External damage of cylinder (tube, tie rod) Malfunction - Abnormal weight of cylinder
. . . - Friction with cylinder
4 Abrasion of piston Malfunction - Occurrence of foreign substance in oil tank and pipe
' . ' Performance - Suct1.0n 'of ex.ternal dust and foreign substance to packing
5 Stick-slip of cylinder deeradation - Lubrication oil leak
& - Deformation of packing by external force
- Suction of foreign substance(by rusty rod)
- Al | weigh
6 Internal damage of cylinder Oil leak, F(l))rr::(i)masul\;: :;icte in evlinder or oil
(rod, inside of tube) Malfunction il Y

- Occurrence of foreign substance in oil tank and pipe
- Using abnormal hydraulic oil

Table 2 Improved process by FMEA of hydraulic cylinder

No Failure mode RPN Improvements
! Damaged O-ing 13775 | oo rephcement by rodutgan) i
) Damage and abr.asion of Seal, 14822 Seléct.packing and seal with considera?ion for using environment of cylinder
Packing Periodic replacement by product(part) life
5 Stick-slip of cylinder 111.41 Considering various shape of piston
6 Inte(rgzld’d?rrlrsl?fee :))ff ;}l;l:))der 111.38 Periodic replacement by product (part) life (seal, packing)
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Table 3 Standard process of hydraulic cylinder remanufacturing

™

No Process

Process picture

Process summary

Core
1 | warehousing
and classification

- - Classify the core
Tool : N/A

- Core test(check the oil

<drawing> 2| Pressure test leak and pressure)
Tool : N/A
Disassemble - Disassemble tie rod
3 tie rod
Tool : IMPACT
- Disassemble rod cover
4 Disassemble from tube
: rod cover
<Sample> Tool : urethane hammer
Fig. 4 Re-design of tie rod : slotted socket
- Disassemble tie rod and
- . . Disassemble head cover from tube
a1#slo] Fig. 49 20| Tie 3 head cover

sAAY S Eojo slmgll o]
ool T A2 e HEA IS T

&tk
AES Ast sA/zd Ads A siA AR 76%
(305% —72%), ZHia FAAT 15%((210% 52522 T=
& 5= ATE 27) B 71 Al S8 ARlokshs 7FeEgol

Tool : urethane hammer

6 | Disassemble rod

1 |- Disassemble rod from

tube

Tool : urethane hammer

Disassemble set screw

A ) Disassemble piston from
S, 54 377 B0 o] WE BF(Ehl, WA F) 5 | Diswsembe rod
2 4 APsain sl 2 A2y 2] 455 uEglo prston 1o Tool : hammer, drill
A AAZ A T R fARSe EnAY Aol chain, wrenches
Cleaning all parts
3.2 RN MXx EFBY £& 8| Cleoning
Tool : cleaning M/C
99129 B4 9 FMEA 298 oz 7 242 A)stet :
o] YAV AAE E2FHHL AYSHATk Fig, 59 2o] 3 o 1 ot et
Z3)p P ZEAGA-N DA 2 ZA-AZY-AASH 7)) 9 Analysisdfailure Classify parts
$7) BHeT ERANH % 25709 WelBAoE TaE, A o (rplacement, repair)
B EFTHL Table 3, 4, 59 2tk Tool = N'A
ng:;:t »  Analyze core »  Disassembly > Cleaning

(Unit process :1) (Unit process :1)

(Unit process :5)

(Unit process :1)

'

Reconditioning

Performance Test

Inspection > »  Reassembly >

parts

{(Unit process :1)

(Unit process 2) (Unit process :5) (Unit process :9)

Fig. 5 Process flow of hydraulic cylinder remanufacturing
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Table 4 Standard process of hydraulic cylinder remanufacturing

Table 5 Standard process of hydraulic cylinder remanufacturing

Q?) 3)
No Process Process picture Process summary No Process Process picture Process summary
Measurement and Assemble Insert packing and O-ring
. drawing of parts 22 | packing of rod socket of rod cover
10 Drawing
Tool : N/A cover Tool : N/A
Assemble rod cover and
Rust removal of tube Assemble rod tube
Reconditioning Re-honing tub 23
11 g © cover
1 Tool : urethane hammer
Tool : Honing M/C Assemble tie rod and head
Reconditioning of R/C Assemble tie cover (tread assembling)
. ¢ . 24 Assemble h 4
2 Reconditioning H/C, FA and BUSH rod ssemble hex nut(4ea)
@ Tool : IMPACT
Tool : Turning M/C Air, operating
1 low- , internal
3 Reconditioning Rust removal of parts 25 Performance ow’ Pressturi Interna
3) test pressure tes
Tool : N/A Tool : Test-bed
- Re-painting surface of rod _
14 Reconiglomng 4. SORAIR |_—__| A EZ Mg 7t
Tool : N/A
Machini Machining new parts e FEegel whet AAlEE fretddde] %7 RS
s a:a;tr:ng (piston, rod etc.) B 0157 7130 We} gl2ES At ARZE A & 5o
Tool : Turning M/C 718 AEE A AT 412 $E02 AZ S Ao B
- Prepare new and o 71F 243} A AETY FTS3) A TR g AEIT
Prepare reconditioned parts to A _ o
35 = A =338 = }
16 reassembly reassembly Wb Ade Yy 880, o8 HEH Fig. 63} 2|
Tool : N/A
17 Assemble - Reassemble piston and rod

piston and rod

Tool : urethane hammer

- Thread at facing surface
rod and piston

18 .Assemble. - Assemble set screw
piston packing - Assemble packing
Tool : Driver
- Insert O-ring at socket of
Assemble head H/C
19 .
cover O-ring
Tool : N/A
- Fixture of head cover
Assemble head - Vertically push tube to
20 cover and tube head cover
Tool : urethane hammer
Assemble - Dﬁgonall}}; Insert piston
21 | piston rod and rod on tube
tube Tool : N/A

544

Fig. 6 Performance test-bed of hydraulic cylinder
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Table 6 Output test results of hydraulic cylinder

Output of Pressure on | Sectional area Result

cylinder (F) |face of piston (P)| of piston (A)

Zr(;t(;)ztyg)ek;] 97.3% | Pass

froepe nx80cmx | 98.0% | Pass
P7'3 21 Mpa 8.0 cm/4 =

zrolg’ztyfiN 503 e’ | 96.7% | Pass

zr(l)t(;):y;)i; 99.0% | Pass
st F7PIES A (D9 FHEE0] 90% oldolofol drqim

2% 7 AUHe) Zegh AAE Qo z}& & o8,
sl2E9] BRHS 4 (1ol s FeAre) & Wﬂ %
& Tabl 6 iehIgE, A8 ¢S] A 0] 5 o0
ojgos UrE}Ur 715l wEate] AAzE FEUn Y s
gol & 4 Ik

10X F
A= PxA M

F: Output of cylinder (kN)
P: Pressure on face of piston (Mpa),

A: Sectional area of piston (cm?)
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