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Experiment methods of transmission efficiency for
helicopter main gearbox

WANG Di, XIA Haichun. NI De, WANG Yonghong, PEI Yigin

(Hunan Aviation Powerplant Résearch Institute,

Aero Engine Corporation of China, Zhuzhou-Hunan 412002, China)

Abstract: Based on the principle of direct and indirect testing methods of transmission
efficiency, the transmission efficiency experiment of the helicopter main gearbox was carried
out for the first time/in China. The results showed that transmission efficiency was positively
related to input torque and oil temperature, and negatively related to the input speed. The
transmission €fficiency changed obviodsly under low torque. The rate of change of transmis-
sion efficiency with rotating speed was obviously smaller than that with torque. The indirect
testing'method. results of transmission efficiency were greater than direct testing method.
With the increaserof input torque, the relative difference between indirect and direct testing
methods of transmission efficiency decreased gradually, while it was not obvious with the ro-
tating speed. The results/of error analysis showed that the limit error of indirect testing
method was less than that of direct testing method, and the maximum error of direct and in-

direct testing method was 1. 28% and 0. 72%, respectively.

Key words: main gearbox; transmission efficiency experiment; direct testing method;

indirect testing method; error analysis
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Table ¥ Oil’s density and specific heat

}x 100% (5)

in different temperatures

Wiz / C WHE/ (kg/m’) A/ (J/ (kg s C))
70 951.51 1974.7
76 947. 04 1975.7
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Table 3 Testing points used for efficiency measurements

B A TR NG M/%
1~7 50 40,50, +++,100
8~14 75 40,50, +++,100
15~21 100 40,50, +++,100

Hor N M 73 5 AR R BUE 56 38 BUE HLAE I |
FE CREAS AR 25 BRTE R 10900 KR AE 70,76 C 3
W T AT R . Oy ff R U B B A
R AR T 5 90 A NI B 10 min AR 4R
A 1 C AT RO R AR L SR AR ] AL 3 %
FU 73 B PR 0 D7 3 T il R e A B e
XA B R0 R R R LA

gerbox with input torque based on direct

testing method

98
S e o &+
97 I
N —————— *
96 >
S -~
Iy il
8 95F _°
& —e— 1=70°C, M=50%
B gy [ e =10, M=85%
t=70°C, M=100%
=0~ =76C, M=50%
B e =76, M=85%
== =76°C, M=100%
92 L 1 1 1 1 1
50 60 70 80 90 100
Rotor speed/%
6 B4 DA 2 080k 4 12 Bl Ak 2 Bl A A\ T 1Y
AL A
Fig. 6 Variation law of transmission efficiency of main

gearbox with rotor speed based on direct

testing method

i 5~ 6 AT LI A T RRAE T,
VBT S AE 70 C T S I A 3 0 AL B R
97.19% , 76 C N Xf R 191 sha %l 97. 26 %, 7E
i AR W R — e i, R R A SR S



5% 12 3 E

345 ¢ T B B 1 3 A e O vk 2677

i AT SRS SRR 5% L 3R T AR RO 5L 1A R R
DA A3 1 25 S 3451 5% 5 B S P IE AR 5% 5 AH [R) gqR
AR IR EEAE 76 C T S u A 14 1% 3 AR
T 70 CR 1L SR X 0 T 2 AR BFE 15 3 i
Toh 2 % i T2 VAR 5%« kB2 A 98 3 2 4 JEE
BT R RIS AR/ 5 A il A B e
T il B — R £ 2l 8k R 5 i AL I A G
FLAL SRR A /N LR RS T 14 i ] 2, 8 3 6024
WUE HLHE T L Sh BRI IR NG s [ 15 3l 35 Bl
e AR A R A I /N T LB L 9 2R A e
3.2 EEMNKKEER

B 7~18 8 Za iy T iRy 70.76 CF LR

99

—e— 1=70°C, N=50%
—e— =70°C, N=75%

t=70°C, N=100%
96 L -0 =76°C, N=50%
= o =76°C, N=75%

t=76°C, N=100%
95 1 1 1 1

40 60 80 100
Input torque/%

I <

Efficiency/%

V7 T e 00 3K 2 D i 12 3 A8 5 Bt iy AT 9 722 Al A
Fig. 7 Variation law of transmission.efficiency-of-main
gearbox with of input torque based on indirect

testing method

99.0
985 e
98.0 |
g
Iy
5 975+
Q
b= —e— 1=70°C, M=50%
m
970 —o—1=70C, M=80%
1=70°C, M=100%
-0 1=76°C, M=50%
9651 _ o 1=76°C, M=80%
1=76°C, M=100%
960 1 1 1 1 i 1

50 60 70 80 90 100
Rotor speed/%

PR 8 i) e ) i = v o A4 1% 1) 280 %% T iy A T 10 A T A
Fig. 8 Variation law of transmission efficiency of main
gearbox with rotor speed based on indirect

testing method

I 00 1 3 73 531 00 453 4% 2l 258 R o i A\ LA B B
AF A (L
G551 T~I8 8 LA BUE TR T L W
I Sy 70 °C X R A A% S 0% S 98. 2104 . i
JE Oy 76 C XML SRRy 98. 1106, Ll a3 g
AR5 BRI 30k AR — 2 Hoh AL B R B
Tt B2 AR AR AN T L 285 45 3 (5) 20 iT RE R i
T . 76 .70 C A 3ih 0 it 22 O /)
1 AP IR A A LA AS B S 3 B
3.3 RIS
Oy S 3t 0BG AT A R T 3 B A A B A
R 9~ 1445 1 TR R T80 P AR T 1R
8 Bl 2R 0 KN SCHAH X 22 it i A L I e sk
99

QS—M

vy

97 + > 2
o= = e~ 10”

96°F N\ I

§ 27\

B 95 [

2 | o1

E:: o4  —e— Indirect testing method, N=50%

93.F “—e— Indirect testing method, N=75%
Indirect testing method, N=100%
—© = Direct testing method, N=50%
9] b —-o — Direct testing method, N=75%
Direct testing method, N=100%

92 F

90 —*
40 60 80 100

Input torque/%
K9 70 CTF 32 y80HE i 1% 20 8 4 i i AL 1) 728 Ak AL 1
Fig. 9 Variation law of transmission efficiency of main

gearbox with input torque at 70 C

Nel
O

O O
~ [e)

T T

\

\1

ot

W

Y

96 - 7z
(]

g %

& 95 7,

(=] d V4

Q

5ol ¥ . .

“uu'j‘ —o— Indirect testing method, N=50%
93 L —e— Indirect testing method, N=75%

Indirect testing method, N=100%

92

= © = Direct testing method, N=50%
91 L = @ - Direct testing method, N=75%
= Direct testing method, N=100%

90 —
40 60 80 100

Input torque/%
K10 76 CTF 32 980k 45345 3l 5803 Wl i A AL 109 22 1k B A
Fig. 10 Variation law of transmission efficiency of main

gearbox with input torque at 76 C



2678 it o= 3 1 % R %35 &
100 5
—— =70°C, M=50%
o | —e— 1=70°C, M=80%
98_0--:::_;’—..‘_‘:__‘_"_"_; 4t t=70°C, M=100%
& - - __ o o -0 =76, M=50%
¢ . ) — o (=765, M=80%
g 9%t 58 31 - 1=76°C, M=100%
Iy 5 S o o
=1 = e —o— ]
= . . S5 6 —-=—== o °
% 94 | —o— Indirect testing method, M=50% =2 ol
—e— Indirect testing method, M=80% = g — .
Indirect testing method, M=100% ® g o Tt -- e
92 |—© Direct testing method, M=50% 1} =%
= o Direct testing method, M=80%
- Direct testing method, M=100%
90 1 1 1 1 1 1 0 L L L . L L
50 60 70 30 90 100 50 60 70 80 90 100
Rotor speed/% Rotor speed/%
B 11 70 CTF 32 08 3 245345 2l 2803 B i A e R 110 78 Al B A & 14 AL AAR NS 22 (e Bt i A 3 1) 4% A L
Fig. 11 Variation law of transmission efficiency of main Fig. 14 Variationnlaw of relative difference of
gearbox with rotor speed at 70 C transmission efficiency with rotor speed
100
AL
ol T TS==zz®=zzz=o. 5G9~ B 14 ] LU A R L0 (] 4%
Tt -m-— - ) D A2 BB R T 4 a5 R i 3 o A L Y

O
(=)}
T

Efficiency/%

—6— Indirect testing method, M=50%
—e— [ndirect testing method, //=80%
Indirect testing method, M=100%
92 b =0 Direct testing method, //=50%
— & Direct testing method, M=80%
- Direct testing method, A=100%

90 1 1 1 1 1 1
50 60 70 80 90 100

Rotor.speed/%
Bl 12 76 CF Fiadti % sl 0w B i A% 8 ) 10 3

Fig. 12 Variation law ofitransmission efficiency of main

©
=
T

gearbox with rotor speed at 76 C

4.0
—a~ =70°C, N=50%
35F o— t=70°C, N=75%
S R t=70°C, N=100%
T3 30 -6 =76, N=50%
g = o\ - 1=76C, N=75%
22 25} t=76°C, N=100%
@ 5]
S s
0z 20
BE
& g L5F
LOF =
0.5 1 1 1 1
40 60 80 100
Input torque/%
13 % 3032 A X 2 (6 W i A0 56 10 28 fb B A
Fig. 13 Variation law of relative difference of

transmission efficiency with input torque

S TRLAE R I 1A% Bl kR 2 22 o i
N ALAEAR 60 AR S T e I i 12 4% 33k
SBT3
A W

4 IR E 55

el Ak AR MR RG BE L o 453097 R IR 22
LR R SR TERTE BT B a2 1 B
B o 0w 25T R BURH IO 149 753 % HERS 2 47 20 M 45
TR AR SRR L B LR 22 S R SR
ZE B[R A7 AE HAR B2, oA A e P, A 3L
BT 2R 8 JO ML R R 22 AR SE iR 22 I AT 42 T
Fe MR B R 22 BEAT A B - 1B A% Bl 28 3 I 114 e

y = F(x) (6)

MR 22 oy e G RS O A . HAEAR R B AR

BERT .y R BR R 22

Ayim = ZCIZ A’ 2 i (N
=1

i

T Ay J AL SRR MR v AR R R 2
A A5 BRI 2 5 o BRI 22, C; bR
BOE X o, i S 20 iR 22 46 i R AL

PRI 6 T 4 2 o 0 a0k o G AR BIR 0 3 1R

%K
8
Avim = | D CA 2 (8)
i=1



#12 4 oA TP I R R SRR T vk 2679

b G~ Cy 73 591 O 45 L 110 0 3 2 i ) iR
2 R A
X ] 42 2 3 0 3 o LA BRI 315 22 Oy

o Co~Co g3 51 D T AL 53R L A
i AL A5 D373 1 Y IR 22 AL 1 R R

F AR5 o B g I Ak A ]

LA AR i L R BT SRS

5
Ayim = | D CA 21 (9
i
x4 BEENKEEESBUSEEE
Table 4 Sensor type and accuracy of direct testing method

W 43 A5 B 30 B/ 2

T RS A2 A7 B/ (r/min) Manner822 0~25000 +0.01(FS)
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F L%/ (r/min) HBM20K 0500 +0.01(FS)
FHEFLAAHE /(N « m) HBM20K 0~171900 +0. 43(FS)
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Table 5 Sensor type and accuracy of indirect testing method
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Table 6 Results \of test error
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100 50 1.27 0. 46
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