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The Critical Speed Analysis of the Differential Planetary Gear
Train of a Concrete Mixer Truck Mixer Reducer
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Abstract: The power train of a concrete truck mixer reducer includes differential planetary gears to get a large

reduction ratio for operating the mixer drum in a compact structure. These differential planetary gears are a very

important part of the mixer reducer where strength problems are the main concemn. Gear bending stress, gear

compressive stress and scoring failure are the main concerns. Many failures in differential planetary gears are due to

the insufficient gear strength and resonance problems caused by major excitation forces such as gear mating failure

in the transmission. In the present study, where the excitation frequencies are the gear tooth passing frequencies of

the mating gears, a Campbell diagram is used to calculate differential planetary gear critical speeds. Mode shapes

and natural frequencies of the differential planetary gears are calculated by CATIA V5. These are used to predict

gear resonance failures by comparing the working speed range with the critical speeds due to the gear transmission

errors of the differential planetary gears.
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: reduction ratio
. gear tooth passing frequency
: rotation speed

: number of rotation

N Z & <=

: number of teeth
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(a) Photograph of mixer truck

Fichin v gear

(b) Gearbox

Fig. 1 Drum capacity, 6~8m® grade concrete
mixer truck and the mixer reducer with
hydraulic motor
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E& A: Sun gear(input)
=4 B: No.l pinion gear
1 C: No.1 ring gear(output)

D: No.2 pinion gear
" E: No.2 ring gear(fixed)

v S Planetary carrier

Fig. 2 Schematic diagram of analytical model

Table 19l= 94 7H5719] A& Yepf i Jloh

Table 1 Specifications of the mixer reducer

Drum | O | G | g | ‘gl of

pacity torque/speed torque drum
397N'm .1 | 52,400 o

6~8m? /1. 320mpm 1321 | 0 | 1520
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Table 2 Specifications of the differential planetary
gear system

. Mol Fo. | ¥o. l N l
Hems Sumopear | , )
pinon gear | ring gear | pimion gear | rmg gear
Medule 4 4 4 4 4
Pressure angle(™) 5 27 27 2 2
Helix zngle(*) 1 il 1 0 q
Wo. gear teeth 1 3 & H 76
Toath mod. Getor i ] ) 1522 1520
Pitch &a 4] 40 1 124 3.
Cutside dia 44 148 312 138,176 J0176
Over pin | 5230025 | 15093620 1 300651 25 58 1a0an 2% mgs1 38
mezwemen (g2 1 | e | el
Face width 56 725 [l ]
Backlazh 117 ~ 023 N1B4~0.314 DUIB 0.3
Cemer distance %] 3 ]

6-8mE ZAZE HA Effe] 2] =1 B a7
Y& Table 39 urahﬂc;}-;; o, ﬁzae oA Ed
L 9 7H&7)e) 9 F bk m 159, 2

du=e]
- t‘
THEE 0%, SAHS 3}$ 2A7FS zqég_aoq 2}
o 279 % 28400417HS 7120 2 Bto] At

Table 3. Operating mode

. . Input
Operating | Frequency Working
conditions | of use(%) time(hrs) Torque Speed
(N'm) (rpm)
nput 4 1,136 189.9 1320
concrete
Driving 41 11,644 189.9 264
Normal 12 3,408 2417 660
working
Maximum 1 284 284.8 132
working
Driving 38 10,792 524 264
Washing 4 1,136 524 1980
Total 100 28,400 - -

Fig. 2] WA 247 TREAA 4, 4 o

23} 2o,

(1= 22/ 2,7,
1+ 22/2.2,

Z,Z(N,— N,)
NB_ D_ { ZBC(VZA_’_ZC)C } (2)
Ne= NA/'V 3)
Z,ZpNy
s~z t27) @

o]7]o| 4, N,: number of rotation of sun gear, N:
number of rotation of No.l pinion gear, N.: number of
rotation of No.l ring gear, ~,: number of rotation of
No.2 pinion gear, NV, number of rotation of No.2 ring
gear, N; number of rotation of planetary carrier, Z,:
number of teeth of sun gear(10), Z;: number of teeth
of No.l pinion gear(35), Z,: number of teeth of No.l
ring gear(80), Z,: number of teeth of No.2 pinion

gear(31), Z,: number of teeth of No.2 ring gear(76)E
22k EraT,

Table 22] =14 7+
43k CATIA
2 AF-RA7

(a) Mixer reducer
assembly

(b) Cross sectional
figure

i i —
A: Sun gear

B: No.1 pinion gear
C: No.1 ring gear
D: No.2 pinion gear
E: No.2 ring gear
(c) Parts of differential planetary gears

rl—

Fig. 3 Modeling results
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Table 4 The results of gear tooth passing
frequency
Gear tooth passing frequency Q, Q, Qq
Order 10X | 8.82155X | 7.81337X

oJ7]o|l A, Q);; gear tooth passing frequency between

sun gear(A) and No.l pinion gear(B), Q,; gear tooth

L
B

B e

L
B frpan)

(a) Sun gear(A)

AP%E A4

#4 7o) Edd U@

passing frequency between No.l Pinion gear(B) and
No.l ring gear(C), Qg; gear tooth passing frequency
between No.2 pinion gear(D) and No.2 ring gear(E),
®;; rotation speed of No.l sun gear(A)(= 1X), Wo;
rotation speed of No.l pinion gear(B) and No.2 pinion
gear(D)(= 0.25204X), ®;; rotation speed of No.l ring

gear(C)(= 0.00757X)E Z}Z JepRdth

M

2E HA A

2HE-RA 710172 7R Sun gear(A)2F No.l
pinion gear(B)e] X E#Ful 0 93 FAAAE
£ Fig 4°l, CATIA V52 4H&3 =&

o 747+ ey,

S Fig. 5

BE

(b) No.l1 pinion gear(B)

Fig. 4 Campbell diagrams of gear tooth passing frequency, Q,

VWAL

(a) Sun gear(A)
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(b) No.l pinion gear(B)
Fig. 5 Mode shapes of sun gear and No.1 pinion gear
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(a) No.l pinion gear(B) (b) No.1 ring gear(C)

Fig. 6 Campbell diagrams of gear tooth passing frequency, Q,
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(a) No.l pinion gear(B) (b) No.l ring gear(C)
Fig. 7 Mode shapes of No.1 pinion gear and No.1 ring gear
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(a) Campbell diagram (b) Mode shapes
Fig. 8 Campbell diagram of No.2 pinion gear and mode shapes of gear tooth passing frequency, Q,
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Table 5 The results of critical speed analysis

Gear tooth passing Critical Working

Ttems ) .
frequency speadsirpm spendsipm)
Sun gex Ly 72434 ~ 210060 | 132 ~ 1980

¥o.l pinton gear (10%) 13363 ~ 129330 | 33 ~ 459

No.l pinmn gear ff.: B3131 =~ 146700 17 =~ 499

Kol ring gear (B.82155X 138660 ~ 361760 1 ~15

No.2 pinwon gear f:: 93817 ~ 145750 33 ~ 400

¥ol ning gear(fmed) (181137 0
4.8 &
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