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ABSTRACT

Purpose: When the SURION Aircraft operated in the fields, cracks are found in PU(polyurethane) Strip on

main rotor blade. This study has been conducted to explain PU(polyurethane) Strip crack phenomenon of

SURION main rotor blade and to propose useful solution of it by experimental method.

Methods: This study considered a lot of factor because the SURION is operated at severe environment. This

study investigated the influence of temperature, thermal shock, paint and primer process, PU Strip material,

primer material.

Results: The results of this study are as follows; The primer process was most excellent influence. The

Application of primer having a brittleness caused by a crack of PU Strip. Other factors have influenced on

the PU Strip, but they can not be controlled because they are related to the SURION’s operating environment.

Conclusion: The Quality of PU Strip on SURION main rotor blade was improved through removing the primer

process. Finally, the reliability of main rotor blade was guaranteed through improving the quality of PU Strip.
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Figure 1. Structure and PU Strip of main rotor blade
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BJ-TS3Z-555L (Thermal Shock Test)

Temp. range : -50C ~ 150TC

Heating and Cooling Hour : -50C ~ 150C (5min)

allowable specimen size : 500 x 500 x 500 (mm)

Instron 5567Q8947 ( Tensile & Elongation)

Weight of Load Frame : 192 Kg

Load Cell Capacity : 3000 Kgf

Maximum Speed : 600 mm/min

Figure 4. Test Equipment

Pulling along width Pulling along length

Figure 5. Tensile Test Specimen
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Table 1. Influence of Degradation and Hardening Temp.

Test Method Result and Tolerances

) Test Temp. : 23T + 2T s -
Pulling Pull rate : 450mm/min + 50mm/min 31MPa<individual value<65MPa

Elongation is measured from pulling ~500%
= (4

Elongation .
specimens.
Tear resistance Test Temp. : 23T *+ 2T 5.3daN<individual value<8.3daN
Pull rate : 450mm/min £ 50mm/min Mean value=>6.1daN
Table 2. Test Condition
Content
1 Degradation and hardening temperature
2 Paint Process
3 Thermal Shock
4 Thermal Shock + Paint Type
5 Low temperature
6 Thermal Shock + Primer process
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Table 3. Influence of Degradation and Hardening Temp.

No Content Specimens Condition
1 Degradation Test Temp. 100 100Hr

2 AH Blade Hardening Temp. 125C 2Hr

3 SURION Blade Hardening Temp. 135C 2Hr

4 Degradation Test Temp. + AH Blade Hardening Temp. 100C 104Hr + 125TC 2Hr
5 Degradation Test Temp. + SURION Blade Hardening Temp. 100T 104Hr + 135 2Hr
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Table 4. Influence of Paint Process

No Content Specimens Condition
1 100C 104Hr + 135TC 2Hr
1 Paint Process
2 100TC 104Hr + 135C 2Hr + Primer&Paint
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Table 5. Influence of Thermal Shock

No Content Specimens Condition
1| Thermal Shock 100C 104Hr + 135C 2Hr
2 | ~20C(0.5hr) < 707C(0.5hr) 100 cycle 100C 104Hr + 135C 2Hr + Thermal Shock

e 285+ 3 H S E(CARC, Chemical Agent Resistant Coating, MIL-DTL-64159)% 3HJHd o)
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Table 6. Influence of Paint Type

Content Specimens Condition
] . 100C 104Hr + 135C 2Hr + Thermal Shock +
Paint type CARC Paint
CARC Paint(MIL-DTL-64159),
9 Urethane Paint(MIL-PRF-85285) 100C 104Hr + 135C 2Hr + Thermal Shock +
Urethane Paint
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Table 7. Influence of Low Temperature
Content Specimens Condition
1 -
—— Low Temp. .
9 -30C 100C 104Hr + 135TC 2Hr + Epoxy Primer + CARC
Paint
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Table 8. Influence of Primer Material and Process

Content Specimens Condition

100C 104Hr + 135T 2Hr + Thermal Shock + CARC
Paint

Primer material and process

9 | Epoxy Primer(MIL-PRF-23377), 100C 104Hr + 135C 2Hr + Thermal Shock + CARC

Paint + Urethane Primer

— | Urethane Primer(TT-P-2760)
100C 104Hr + 135TC 2Hr + Thermal Shock + CARC

Paint + Epoxy Primer

w

F7H 0%, ASTM D 33590l whe} 543 He] =X =] Hates g4lahr] 9siA otell 2704 Fig. 63}
o] Al AS AZste] Dry, Wet A E]oll Tape TestE 485} t}. Dry Tape Testi= 2204 AlH 23X E
Fejoll A Taped &AL Fal, Wet Tape Testi= Al 2325 A Jefoll A 24A13F A § Tape
HHA 7] wWiA Taped] WS 18I AlH2 ofgf o] 47H4] XS FHSHAT

M =

1-1 @ o FA] Zefo]uj(MIL-PRF-23377) + &AM 3|1 E(MIL-DTL-64159)

1-2 : 3 S EMIL-DTL-64159)

2-1 @ o] ZA] Zebo|H(MIL-PRF-23377) + H]3HA% $-glgh ¥ E(MIL-PRF-85285)
2-2 s e
7?1 E (MIL-PRF-85285)



408 J Korean Soc Qual Manag \ol. 47, No. 3: 401—-415, September 2019

Specimen 1-1 Specimen 1-2 Specimen 2-1 Specimen 2-2
Epoxy Primer . Epoxy Primer .
+CARC Paint Only CARC Paint + Urethane Paint Only Urethane Paint

Figure 6. Specimens of adhesion test
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Figure 7. Tensile Strength and Elongation of Hardening & Degradation Condition
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Table 9. Influence of Hardening & Degradation Temp.

Specimens Condition Tensile(LMPa) | Tensile(W,MPa) | Elongation(L,%) | Elongation(W,%)
1 100C, 100Hr 32.5 39.9 618 695
2 125, 2Hr 35.4 42.7 633 683
3 135T, 2Hr 32.7 39.9 630 693
4 100°C 104Hr + 125C 2Hr 35.6 44.0 615 732
5 100°C 104Hr + 135C 2Hr 33.9 42.5 642 723
4.2 _l"o]E _9_ A]z;l
HAE A G e dolry] 93t Aoz z719 A#|be| Zabo]w(MIL-PRF-23377)+ HJE
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Figure 8. Tensile Strength and Elongation of Paint Process Control Condition
Table 10. Influence of Paint Process
Specimens Condition Tensile(LLMPa) | Tensile(W,MPa) | Elongation(L,%) | Elongation(W,%)
1| 100C 104Hr + 135C 2Hr 33.9 42.5 642 723
g | 100C 104Hr + 135C 2Hr 17.1 19.8 450 535

+Epoxy Primer + CARC Paint
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Figure 9. Tensile Strength and Elongation of Thermal Shock Condition

Table 11. Influence of Thermal Shock

Specimens Condition Tensile(LMPa) | Tensile(WMPa) | Elongation(L,%) | Elongation(W,%)

1|/ 100 104Hr + 135T 2Hr 33.9 42.5 642 723
100C 104Hr + 135C 2Hr +
2 Thermal Shock 34.5 434 590 710
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Figure 10. Tensile Strength and Elongation of Paint Type Condition
Table 12. Influence of Paint Type
Specimens Condition Tensile(LMPa) | Tensile(W,MPa) | Elongation(L,%) | Elongation(W,%)
100TC 104Hr + 135 2Hr +
1 Thermal Shock + CARC Paint 3.8 435 610 690
100C 104Hr + 135TC 2Hr +
Thermal Shock + Urethane 35.8 46.4 597 692
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Table 14. Influence of Low Temp(-30C).
Specimens Condition Tensile(LMPa) | Tensile(W,MPa) | Elongation(L,%) | Elongation(W,%)
1 -(-307) 50.4 51.6 433 450
100C 104Hr + 135C 2Hr +
2 | Epoxy Primer + Urethane 46.9 56.4 365 445
Paint (-307C)




412 J Korean Soc Qual Manag Vol. 47, No. 3: 401-415, September 2019

Tensde trength [MPa) Elnnigation %)

e

Langth ‘Width Leaglh Width

BRaw maeral WRaw materal

cHRaw materadFrimar+Fami CRaw mareratPrimer+Paint

Figure 11. Tensile Strength and Elongation of Low Temp(-30°C). condition
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Figure 12. Tensile Strength and Elongation of Primer Material and Process
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Table 13. Influence of Primer Material and Process

Specimens Condition Tensile(LLMPa) | Tensile(W,MPa) | Elongation(1,%) | Elongation(W,%)

100C 104Hr + 135C 2Hr +

Thermal Shock + CARC Paint 48.3 62.4 610 615

100°C 104Hr + 135C 2Hr +
2 | Thermal Shock + Urethane 45 49.3 565 605
Primer + CARC Paint

100C 104Hr + 135C 2Hr +
3| Thermal Shock + Epoxy 40.8 44.9 605 575
Primer + CARC Paint
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Figure 14. Specimens of Paint Adhesion Test
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