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An Investigation on the Performance of
a Hydraulic Power Chuck (2)

(Experiments on the grasping force with no load)

Kunihiko HamA, Dairen ISHIGAKI, Mototaro SATO .
and Hisashi KOMATSU

When one cuts some work with a lathe, the gripping force of the chuck decreases
with the increase of the turning speed. Because the mechanism of the decrement of
the gripping force had not been cleared up precisely, the author worked out a device
for experiments to measure the effect of the centrifugal force precisely and tried to
explain the mechanism of the gripping force decrement by an experimental method,

According to the results of the experiments, the following items became clear.
(1) The total chuck efficiency is about 0.288,

(2) When the axial thrust of the rotary cylinder decreases, the grasping force of
the chuck decreases in a much less ratio than the former owing to the selflocking
effect,

(3) Even under the same supplied pressure, the grasping force spatters in a broad
extent,

(4) As the effect of the centrifugal force Pp acting on the top jaws, the grasping

force decreases about 0.4Pp due to the elasticity and friction of the top jaws.
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Photo, 1 The hydraulic power unit

Photo. 2 The composition of a hydraulic power chuck
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Table 1 The hydraulic pressure used and the gripping force
P : working pressure Wi, : theoretical values W : experimental values 7 : efficiency

P jaw I jaw II jaw III jaw IV
(ket/ Vst
cm?) (kgf) w ) w 7 W 7 W 7
(kgf) (%) (kgf) (%) (kef) (%) (kgf) (%)
5 850, 5 261.0 | 30.7 113,2 }13.3 215.9 | 25,4 101.5 11.9
10 1701.0 435.0 | 25.6 285.1 16.8 357.6 | 21.0 418,8 | 24,6
15 2551, 5 699.2 | 27.4 597.5 | 23.4 708.8 | 27.8 563.8 |22.1
20 3401.9 1040,7 | 30.6 865.2 | 25.4 855.4 | 25,2 945.6 | 27.8
25 4252, 4 1213,1 | 28.5 1449.9 | 34.1 1282.4 | 30,1 1153.6 | 27.1
30 5102.9 1585,2 | 31.1 1608,6 | 31.5 1464, 4 | 28.7 1569.1 | 30.8
35 5953.4 1988.0 | 33,4 1724,7 | 29.0 1823.7 | 30.6 1880,0 | 31.6
40 6803.9 2186.1 | 32,1 1873.5 | 27.5 2083.0 | 30.6 2002.5 | 29,4
45 7654, 4 2402,0 | 31.4 | 2229.1 |29.1 2492.2 | 32.6 2181.3 {28.5
50 8504, 9 2972.3 | 35.0 2847.7 | 33,5 2526.1 | 29.7 2509.9 | 29,5
55 9355. 3 3112.5 1 33.3 2932.0 {31.3 2741.9 1 29,3 2703.3 {28.9
60 10205, 8 3561.9 | 34.9 2959.5 | 29.0 3007.7 | 29,5 2841.8 | 27.8
G5 11056. 3 3642.5 | 32.9 3148.1 | 28.5 3283.2 | 29.7 2824.1 | 25,5
70 11906. 8 3845.5 | 32.3 3624.8 | 30.4 3326.7 |27.9 3232,3 | 27.2
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Fig. 3 The vector diagram of forces considering the
friction of moving parts
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Table 2 o —fliIEI % 70kgf/cm® % T LiF% Sh BIE R F S Qo ey
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Table 2 The change of gripping force when the hydraulic
pressure is decreased continuously
P : working pressure W :experimental values «:index number, 70 kgf/cm*=100

P jaw I jaw II jaw III jaw IV
(kgf/em?) 1w eery |« | wmed) | & | wke) | & | wkef) |«
70 3845.5 | 100 3624.8 | 100 3326.7 | 100 3232.3 | 100
60 3811.6 | 99.1 | 3597.6 | 99.3 | 3289.7 | 98.9 | 3218.8 | 99.6
50 3774.6 | 98.2 | 3547.0 | 97.9 | 3197.8 | 9.1 | 3170.5 | 98.1
40 3732.7 | 97.1 | 3508.2 | 96.8 | 3138.2 | 943 | 3128.6 | 96.8
30 3695.6 | 96.1 | 3467.6 | 95.7 | 3075.4 | 92.5 | 3089.9 | 95.6
20 3653.8 | 95.0 | 3418.2 | 94.3 | 3007.7 | 90.4 | 3041.6 | 94.1
10 3603.8 | 93.7 | 3374.6 | 93.1 | 2040.1 | 88.4 | 2991.6 | 92.6
0 35716 | 92.9 | 3330.0 | 91.9 | 2864.4 | 86.1 | 2048.1 | 91.2

Table 3 The mean value of indexes
P : working pressure i,y : average index number

P (kgf/cm?) Kav P (kgf/cm?) Kav
70 100 30 95.4
60 99,2 20 93.5
50 97.6 10 91.9
40 96.3 0 90.5
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AWS])/ = AFS]) X7 X 77[kgf], (15)

PETDIINGD I TAEWC I » T B EIIe D, ZONETEWH SDRIERIE L
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Z5&ETH, €A NEMNRES LT FOLTul(8) R L T

F = AW x % % 7= AFsp x 7* [kgf], (16)
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HOWA A dWsp &35 &

AWsp = F' X ¢ = dFsp x ¢ x 5* [kgf], (17)

EleB (D& xAWsp i dWsp ~D ) bicst L, SEIE—pE LR nuwoc
FALONC 7 % I BT 5 HEL /. ). W Table 2 X v 70kgf/cm® i ED &
ZOEN O, FHHEIC BT B EY FIE L d 0% Table 4 RT. 7k
B I DWAE F' #RADCRALTHIC 73 RDI b D TH B, AFspiy 70kgf/cm?
D HEJIH APkgf/em® BT Lick LT 5ey=1 00 EE 2 RG)& A L.

Table 4 © 7 %35 L p=0.157 &7ch, FKO) LB LS L il
THLSW TR Y RERMENH S &, BN EARIERITBENCIE I B3
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Table 4 The decreament of the gripping force and the efficiency
P : working pressure I : decrease of a grasping force 7y : efficiency

P Fl{kgf)
2 n
(kkgf/cm?) jaw 1 jaw II jaw III jaw IV average

60 33.8 27.1 37.1 15.5 27.9 0.128
50 70.9 77.7 128.9 61.9 84.8 0.158
40 112.8 116.6 188.5 103.7 130.4 0.160
30 149.8 157.1 251.3 142, 4 175.2 0. 160
20 191,7 206, 6 319.0 190, 7 227.0 0.163
10 241.7 250, 2 386.6 240.7 279.8 0. 166

0 273.9 204.7 462, 4 284, 2 328.8 0. 166
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Fig. 5 The hydraulic pressure used and the gripping force
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Fig. 6 The change of gripping force when the hydraulic pressure
varies continuously
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Fig. 7 The block-diagram of a revolution controlling device
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Table 5 The weight of each top-jaw and the radius of the gravity center

W, (kgf) [ 75, (mm) W (kgf) Fem (mm)
jaw I 1.96 ) 85.5
jaw 1I 1.90 86.0
1.65 56.0
jaw III 1.34 87.5
jaw IV 1.15 72.5
4000 _P=70 kgfhm
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Fig. 8 The increase of rpm and the decrease of gripping force
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Fig. 10 The increase of rpm and the decrease of gripping force
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Fig. 11 The increase of rpm and the decrease of gripping force
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Table 6 The relation between experimental value of the gripping force
and the centrifugal force
n : rotation frequency F, : decrease of a grasping force
Pp : centrifugal force of a jaw

” jaw I jaw 1I jaw III jaw IV
(rpm) Fy Pp FxoPF Fl_ Pp FléPF F | Pr FIéPF Iy Prp \Fy/Pp
(kgf) | (kgf) | (%) | (kef) | (kef) | (%) || (kel)| (kef) | (%) | (kef)| (kef) | (%)
250 7.1 18.2] 39.0 9.5 17.8]53.1 8.0 14.6} 54.7 6.1 12,2{50,2
500 31.1 72.6142,9 ) 26.7| 71.2|41,7 ) 28,5 58.6|48,6 | 14.9 49.1]30.3
750 67.2) 163,31 41.2 || 67.1 160.3|41.9 | 63.2/ 131.8] 47.9 | 30.9 110.6| 27.9
1000 | 133.4| 290.3| 45.9 || 118.0; 285.0] 41.4 | 112,8 234,5| 48.1 | 55.6; 196.6] 28.3
1250 | 217.7) 453.7| 48,0 || 187.6| 445.3| 42,1 || 182,6, 366.3| 49.8 | 87.5 307.1| 28.5
1500 | 306.5| 653.3] 46,9 || 265.3| 641.2| 41,4 || 259.5 527.5| 49.2 || 124, 3| 442, 3| 28.1
1750 | 413.4] 889.2| 46,5 || 363.1| 872,7| 41.6 || 352.0] 718,0| 49.0 | 166.5| 601.9} 27.7
2000 | 537.1/1161.4| 46,3 || 469.4/1139,9| 41,2 || 445,8] 937,.8| 47.5 || 217.6| 786.2| 27.7
2250 | 670,2/1469,9| 43.6 || 597, 4)1442,6 41.4 || 557,4/1186,9| 47.0 | 269.3] 995.1| 27.1
2500 | 809.8/1814.6| 44.6 || 738,4/1781, 1| 41.5 || 672.2/ 1465, 4| 45.9 || 332,0{1228,5| 27.0
2750 | 983.8/2195,7| 44,8 || 885.9/2155.1 41.1 || 819,7/1773.1| 46,2 | 392,2 1486.5| 26.4
3000 [1139,3/2612.4 | 43,6 |1038. 6] 2564,7| 40,5 || 959,0 2110.1 45,4 || 473.1]1767. 41 26.8
3250 |1303, 3/3066.7 | 42,5 ||1214,9,3010.0| 40.4 1107.0,2476,4 44,7 | 559.0/2076.7| 26.9
3500 |1546.6|3556,.6 ] 43.5 {1398, 6| 3490.9| 40,1 {1248, 8 2872,1 43,5 || 663.12408,5| 27.5
3750 (1745.3,4082.9 | 42,8 ||1641, 6{ 4007, 4| 40, 3 {1407, 33297, 1| 42,7 || 738.9/2764,9| 26.7
4000 [2017.84645,4| 43,4 (1863, 6/ 4559,5| 40.9 {1603, 83751, 4| 42,8 || 845,5/3146,1| 26,6
4250 1{2303,7/5244.2| 43,9 /2123, 8 5130.5| 41.4 1795.4/4234,9| 42.4 || 967.4 3551,3] 27,2
4500 12625,9 5879,3| 44,7 2392, 3/5770,7 | 41.5 |2054, 04742, 8 43,3 |1112,6/3981.4| 27.9
4750 -~ [6550,7| — — |6429,6| — 112336.015290.0| 44,2 1211,5/4436.1| 27. 3
5000 — |7258.4| — — 17124,3| — |12621,9{5861.5] 44.7 1346, 8/4915,4| 27.4
Jiefnds 577 Ferlkgll whs(16) & Mbk7es 2T
1 ;
Fpp == Pp X ‘77 X 9F I:kgf_{, (22)

EEbL D, RS X A Fop OIS T Fpplkgl] 23750~ ) v FDOE A
Ny RN E . RIS v:%fulflldﬂfﬂ@jm%v: T % BB RN 7 5 78 B DT,
K Fpp AMIURT QWM RIETHE AWper 11

AWP[.‘ = Fpp X r[l{gf], (23)
Eieh, K222 CA LT
AWpp = Pr X 5p [kef], (24)

P RO INE X TR I3 5,
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LIATHR ) OBYE = A FOEEREE L D0, £F v 70 g baor b
JiF2GE 5 120 TR CHEER A &l - ¢ JIMEEE LTEDL 2 EIETH 50 LAEINT
RRICHEED S DDORT THD. Tishb n=gr=npr LD ETTH%.

FERC I IUEET v v 280 5 1% 0.288, 9pp 13 0.402 L5 TNT 9 & gpp D
MIIREG DA H 575, Z IR O T + v 7 ORISR O3 27 EDN B
T s Bhhs,

4§ B
RGBT D ERIC L » THONHERES2EDL S THD.
(1) # v v 78RBS BB, WERE Y ) v 2olhnexd L, WML ERE
LEBE, £F % v 7EEED (V) v R ey EF v o 285 psp OFE) 1L 9=0. 288
ElehZ LR ERI XD E.
(2) vV v EDMT Fs WH LT v v 7 OERET) Wep 1%, FEIHTI DB EE LIS

2
i
Wsp = Fs {cot{a + g) — tang'},

Ao AL EB o Tin 2-3 SRR LB EY I8 ).

(3) ¥V v EFOWNOFEAE AFsp i 510 Ji%JJUD{}éU}:m: JWs/> vk, 3E dWsp=ry
dFsp LB LI EFEc L R L, CoBlBkenr v e, 2R THE

(4) HRWET O st U, RO LA RIERIBA TS B oT, FUHENTET T
EECIN T ) DXL DERD B & TR L IR LTz,

(B) F v v ZIEMOROELT Pr & F v » 7 DRTIOWEAE dWsp & ORI,

AWsp=npPr=0.4Pr OEERH B 2 X FRIT I DB, 2O gp & 7 &R
BB D EBbRD. Lo TERUM O CIEREDO TR b iR IR i 5 X & T
H5b.

(6) LIlEEETISOFERERN BT v v 7R 2 2AE LV 340, B eLr 7 e
v PRBRAREV, MOBEOICH T 2 BRSO P ELr BIRT A L5 B E 5.

e, R IR o e BRI TR OMIHE, bR EROFMT A L TR
I NI MG O PR - MBI EOBZLEL £
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