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3.1 旁通阀总成

它有旁通和关闭两个位置（如图2)在起
下钻作业过程中处千旁通位置， 使钻柱
中泥浆循环绕过不工作马达进入环空，
这样起下钻时泥浆不溢千井台上。 当泥
浆流量和压力达到标准设定值时 ， 阀芯
下移， 关闭旁通阀孔， 此时泥浆流经马
达 ， 把压力能转变成机械能。 当泥浆流
量值过小或停泵时 ， 所产生的压力不足
以克服弹簧力和静摩擦力时 ， 弹簧把阀
芯顶起， 旁通阀孔又处于开启位置。 一
般情况下 ， 深井、 大斜度井 、 水平井以
及使用中空转子时多采用代用接头。 （如
图2一1)

3.2马达总成

它由定子和转子组成。 定子是在钢管
内壁上压注橡胶衬套而成 。 橡胶内孔是
具有一定几何参数的螺旋 。 转子是一根
有镶恪硬层的螺杆。

转子与定子相互嗤合 ， 是用两者的导
程差而形成的螺旋密封线 ， 同时形成密
封腔。 随着转子在定子中的转动 ， 密封
腔沿着轴向移动， 不断的生成与消失 ，

完成其能量转换， 这就是螺杆马达的基
本工作原理。

马达转子的螺旋线有单头和多头之分（
定子的螺旋线头数比转子 多1个）。 转子
的头数越少 ， 转速越高， 扭矩越小；头
数越多 ， 转速越低 ， 扭矩越大 。 （如图3)
是几种典型马达配合的截面轮廊：

旁通

3.1 By-pass Valve Assembly 

It has two positions:by-pass and close (SeeFig. 2). It is in 
by-pass position during trip operation, and circulates mud 
fluid in the drill string into the annular space by-passing 
the idle motor, so that no mud may spray out onto the 
platform during the trip operation. When mud flow rate 
and pressure reach the setting value, the valve stem 
moves down and closes the valve. Meanwhile, mud 
stream flows through the motor.and converts the pressure 
energy into mechanical energy. As mud flow rate is too 
low, or mud pump stops, and as the pressure produced is 
not enough to overcome the spring force and the static 
friction force, the spring presses the stem upward, and 
by-pass is in open position. In general, the cross--over 
subs are used in deep well, large angle well, horizontal 
well or when hollow rotor is selected (see Fig. 2-0. 
3.2 Power Section Assembly 

It consists of stator and rotor. Stator is made by 
squeezing rubber sleeve on the wall of the steel 
tube. There forms spiral structure with a certain geometric 
parameter. Rotor is a crome-plated screw rod. 
The basic principle of  downhole motor goes like this: 

Stator and rotor matches with each other, to form spiral 
line and seal cavity through their guide rail difference. 
With rotor running in the stator, the seal cavity is moving 
along its axial direction, continuously forms and 
disappears to complete its energy conversion. 
Spiral sealline on rotor is divided into single end and 
multi-end(stator with one more end than rotor). The less 
ends the rotor has, the higher speed and the lower torque 
is. The more ends it has, the lower speed and the higher 
torque is figure3 shows the sectional profile of several 
typical motors. 

关闭

三 II
．＂4｀忑汀炉.,`仁才仁·-'上

图2(Fig.2) 旁通阀(By-pass Valve) 
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3.2:1 中空转子马达

为了增加钻头的马力和泥浆的上返

速度 ， 将转子加工成为带喷嘴的中空转

子。 此马达的总流量应等千流经马达密

封腔流量和流经转子喷嘴流量的总和 ，

每种规格的马达都有其推荐的最大和最

小流量值。 如果流量过大， 转子会超速

运转 ， 定子和转子会出现提前损坏 ， 如

果流量过小 ， 马达将停止转动。 因此在

选择转子喷嘴尺寸时， 应确保马达密封

腔流量始终保持或高千最小推荐流量值，

这样才能使马达正常运转。 （如图4)

图4(Fig.4)

5 : 6 

3.2.1 Hollow Rotor Motor 

To increase the hydraulic horsepower and the upward 

speed of mud stream, rotor is manufactured into 

hollow rotor with nozzles. Thus, motor total flow 

rate is equal to the sum of the flow rate through seal 

cavity and rotor. Each type of motor has its own 

recommended maximum and minimum flow rate 

value. If flow rate is too high, rotor may be running at 

over speed, earlier damage would occur onto stator and 

rotor. If it is too low, motor will stop operating. 

Therefore, the flow rate through seal cavity shall be 

ensured or even higher than the recommended 

maintenance value while selecting nozzle size. only in 

this way, can motor be kept in normal operation. (see 

Fig-4) 

7: 8 

中空转子(Hollw Rotor) 

在泥浆密度、 喷嘴尺寸和马达流量为定

量时 ， 流经转子喷嘴的流量和流经马达密

封腔的流量总是随负载变化而变化的。 钻

头离开井底 ， 马达负载近似为零 ， 此时流

经转子喷嘴流量最小， 而流经马达密封腔

的流量最大。 钻头钻进 ， 使马达压差不断

增加 ， 使流经转子喷嘴流量增加 ， 而此时

流经马达密封腔流量减少。

When mud density, nozzle size and total flow rate is a 

constant value, the flow rate through nozzle and seal 

cavity always changes with the load. when the 

bit-leaves the hole bottom, the load is next to zero. 

Meanwhile, the flow rate through nozzle on the rotor 

becomes minimum, but the flow rate through the seal 

cavity becomes maximum. While the bit dropping 

down, motor-pressure loss will continuously increase, 

and the flow rate through rotor nozzle will become 

higher. but the flow rate through the seal cavity will 

become lower. 
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按以上推荐计算公式 ，用户可以根据使

用需要随时更换不同直径的喷嘴 ， 从而达到

理想的效果。

Based on the above recommended equation, the 

customers can timely change different diameter 

nozzles according to the actual demand, so as 

to reach the desirable effect. 

最大允许轴向轴承间隙说明：见图表2
Allowed Maximal Clearance of Axial Bearing:(see Table.2) 

表2(Table.2)

A

易

间隙＝A-B
Clearance=A-B 

钻具型号 间隙
Size Clearance 

<t>43mm 3mm 
中 54mm 3mm 
<P73mm 3mm 
中 89mm 4mm 
小 95mm 4mm 
中 105mm 4mm 
中 120mm 5mm 

．中 165mm 6mm 
中 172mm 6mm 
<I> 185mm 6mm 
<1> 197mm 7mm 
中 203mm 7mm 
中 216mm 7mm 
中 244mm 8mm 

3.3万向轴总成

万向轴的作用是将马达的行星运动转变

为传动轴的定轴转动 ， 将马达产生的扭矩

及转速传递给传动轴至钻头 。 万向轴大多

采用花瓣式 ， 也有采用挠轴式的 。 我公司

钻具的花瓣型万向轴采用线切割技术制成，

切口平行度高 ， 粗糙度可达蚐／且不破坏金

属化学成分 ， 因此使用寿命高、 机械损失

小（如图5)。

3.3 Cardan Shaft Assembly 

The function of the cardan shaft is to convert 
planetary motion into fixed constant rotation of 
the drive shaft, to transmit torque and speed 
from motor on the drive shaft, and to the 
bit. Cardan shaft mostly uses flat shaft, but some 
are flexible shafts. Our flat type shaft used on 
our downhole motor is made by linear cutting 
technology. So the cut has high parallelism, 
roughness can reach吵and it doesn't damage 
metal chemical composition. Thus, it has a 
longer running life and less mechanical loss 
(seeFig. 5). 
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4． 螺杆钻具型号说明 4.Model of Downhole Motor

口口LZ口X口－口口 －口口口－X刃

企业标志
Symbol of Shengde Company 

D一 表示弯钻具弯角形式：
D-bend angle types

D一单弯（单弯壳体或弯接头）：

D-single bend(si.ngle bend housing or bend sub)
P一大偏移距同向双弯（弯接头＋单弯亮体）：
P一large offset distance double bend housing in the same

direction(bend sub+single bend housing)
T一同向双弯：

T-double bend housing in the same direction
S一异向双弯 ：

S-double bend housing in two directions opposite to
each other

无一直钻具 ：

Omitted-straight motor 
K－表示可调弯壳体钻具结构形式：

K一Ac\justable bend housing 
W一表示稳定器：

W-Assembled with stabilizer
H一表示可换稳定器：
H-Assembled with changeable stabilizer
F一表示转子中空分流（省略一转子非中空）：
F一Hollowed rotor(omitted-solid rotor)
G 一表示钻具耐温特性（G一耐温150'C ， 省略一耐温120'C)
G-heat-resistant performance: (G-150'C,omitted-120'C）

』

．

产品改进次数(I、 II 、 田、 IV 、 V 、 VI、 VII、
YDI···…)

Design change times 
马达级数（如2.3.4.5……)
Stages of Power section(2. 3. 4. 5stage……) 
钻头最大水眼压降(MPa)
Max bit pressure loss(Mpa) 
螺杆钻具规格（外径mm)
Size of motor in millimeter(ODmm) 
螺杆钻具产品代号
.code of motor 
转子头数
Lobes of motor 
马达形式(JC－加长马达、 C一长导程马达、 D一短马达、 K一空气
或泡沫马达、 Y一油基泥浆、 省略一常规）
Types of Po� section(JC-extended Power section 、 C-long
如de rail 、 D-short Power section 、 K-air or foam Power 
section 、 Y-oil based mud、 omitted-conventional)
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(l)钻井方案及计划 ，

(2)针对地层需要的刃部结构 ，

(3)钻井液流通通道的结构 ，

(4)预先计划的机械钻速 ，

(5)使用该钻头， 钻具运转的时间估算 I

(6)钻头水眼压降的设计 。

什么样的地层结构 、 地层软硬、 使用哪类钻

头、 用什么样的刃部设计 ， 请参考有关钻头的专

业资料 ， 这里仅就使用螺杆钻具完成各种钻井作

业 ， 对钻头的选择作些简要说明 。

A: 除了钻头水眼造成的压降外， 要使钻井液流

经钻头底部时别再形成其他较大的压力损失 ， 尤

其是钻头水眼压降巳达到该型号钻具规定的压降

值时更应注意 。 这对牙轮钻头不必担心 ， 但是

PDC钻头冠部液体通道的设计 ， 就必须考虑通道

过流面积是否可能造成额外过多的压力损失问题 ，

同时井能保证岩屑及时排出及钻头冷却需要。

B: 牙轮钻头 ： 这类钻头在螺杆钻具配合使用时，

更实用于钻井周期不长的作业 ， 如定向造斜 、 侧

钻等。

C: PDC钻头 ： PDC钻头不仅适用于定向造斜 ，

更适用千钻井周期较长的作业 ， 如打直井等 。 在

较长周期的钻井作业中 ， 最重要的因素就是钻头

与钻具作为一个整体 ， 不要由千其中的哪一部分

出了问题， 而造成不必要的起下钻。 大家已熟知 ：

复合片钻头较牙轮钻头寿命长 ， 而且结构是整体

的 ， 具有很多优点。

D: 提高钻具和钻头的使用寿命 ， 也是一个重要

因素。 改善传动轴的稳定性， 例如加稳定器 ， 对

提高钻具寿命发挥钻头性能是有帮助的。 考虑钻

头金刚石的几何尺寸 、 布置方位、 钻压负荷与要

求井下钻具转速高 、 钻压小的甚密关系 。 总之 ，

(!)Drilling Plan and Program; 
(2)Formation Edge Structure;
(3)Structure of Mud Flowing Channels;
(4)Determined Mechanical Drilling Speed;
(5)Estimation of Bit and Downhole Motor Running Life;
(6)Design of Bit Nozzle Pressure Loss.
Please refer to relevant professional information for details
about bit selection based on formation structure. Hereby it
briefly describes bit selection for performance of drilling
operation with downhole motor.
A: Except bit nozzle pressure loss, in order to avoid producing
higher pressure loss while drilling fluid flowing through bit
bottom, attention shall be specially paid to this matter when
the nozzle pressure loss has reached the specified loss value of
this kind drilling tool. This does not affect rock bit.
However, for the crown passage design of PDC bit, the
problem of whether the passing fluid area may cause much
extra loss should be considered. Meanwhile prompt discharge
of cuttings and bit cooling should be ensured.
B: Rock Bit: When this kind of bit is used with downhole
motor, it is more suitable for shorter drilling period, such as
directional deflection and re-entry etc.
C: PDC Bit: It is not only used for directional deflection,
and also more appropriate for longer drilling period, such as 
vertical well drilling. During longer period of茹lling
operation, the more important factor is to integrate bit with 
downhole motor, and to avoid unnecessary trip operation due 
to some problem. It is known that PDC bit can last longer_ than 
rock bit, and it is integral in structure, thus having more 
advantages. 
D: To prolong running life of bit and tool is also an important 
fact. It is helpful to extend screw life and to develop bit 
property by improving stability of drive shaft, e. g. 
stabilizer. And the close relationship between diamond with 
geometric dimension, location, drilling weight load and the 
required high speed and lower drilling weight of downhole tool 
should be considered. 1 n general, it is hard to · obtain 
satisfactory effect without strictly matching bit and downhole 
motor, and it might also cause earlier damage of the tool. 
5. 5 Requirement for Hole Bottom Temperature: It is
unfavorable to the motor property, and it may intensify all
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兆帕 ， 继续增加钻压 ， 泵压不再增加 ， 这说明钻

具发生了泄漏， 此时钻具定子与转子间密封破坏 ，

钻井液通过破坏的马达密封腔从钻头水眼中流出。

当因故障卡钻时 ， 钻井液在钻具制动情况下 ， 仍

可以继续循环流过钻具。 一旦钻具发生制动 ， 应

迅速将钻具提离井底降低钻压 ， 因为钻井液长时

间流过不转的马达会使钻具严重损坏。

另外 ， 要使钻具获得最佳工作效率 ， 应将钻具

两端的压差控制在推荐参数范围内。

5.8 预先进行必要的水利计算：钻井作业时 ， 由

泥浆泵泵出的钻井液依次经立杆 、 水龙头 、 方钻

杆而进入钻杆 、 钻链、 无磁钻链、 钻具（马达） 、

钻头水眼及环空而返回地面 。 在钻井液不断循环

过程中 ， 由于钻井液本身的摩擦和钻井液与管壁、

井壁的摩擦及各局部流动造成的损失 ， 皆需消耗

一定的能量 。 这一能量损失以压力损失表现出来。

累加各部分的压力损失后可计算出总的压力损失 ，

按预计钻井深度算出总压力损失后 ， 就可以作为

确定泵压的一个参数， 这种大觉的压力损失计算

是很繁琐的 。 对于现场操作者来说可以采用一种

简便的做法 ， 只要将钻头稍稍提离井底 ， 在额定

排量下， 主管压力表上的读数值就是上述总压力

损失值。

6． 使用方法

在选择钻具及其组合方案时 ， 应制定钻井作

业计划 ， 充分考虑井眼轨迹、 钻头类型 、 规格 、

地层结构和水力计算等细节。

6.1钻具下井前的地面检查 I

6.1.1 钻具除提升短节与旁通阀连接外， 其他部

分的壳体连接均涂以锁紧剂。

6.1.2 用钻头装卸器把钻头装上 ， 只许用链钳转

动钻具传动轴头 ， 而且只能逆时针旋转（俯视旋

there occurs some leakage from downhole motor. The seal 

between stator and rotor may be damaged, and fluid going 

through the damaged seal cavity is flowing out from bit nozzle. 

When it is sticking due to this problem. fluid can be stiJI 

recycling through downhole motor with dow汕ole motor 

braking. Once downhole motor brakes, it shall be quickly 

lifted away from the hole bottom to reduce drilling 

weight, because downhole motor may be seriously damaged 

with fluid flowing through the ldie motor for longer time. 

Additionally, the pressure loss at the bottom ends of downhole 

motor shall be controJled within the recommended range, to 

ensure downhole motor in optimum working efficiency and 

running life. 

5. 8 Hydraulic Calculation in Aduance: In drilling operation,

the pumped mud flows successively through riser, swivel,

kelly into drill pipe, collar, non-magnetic collar, motor, bit

nozzle and annular space, and upwards to the surface. During

recycling, the loss caused from the friction of fluid itself and

the friction of fluid onto the pipe wall, hole wall and/ or partial

flow will consume a certain energy.

The energy loss will be shown through the pressure loss. Total

pressure loss can be calculated by accumulating pressure loss in

each portion. The total pressure loss calculated according to the

determined drilling depth can be a parameter to determine the

pump pressure. If is complicated to calculate such large

amount of pressure loss. Therefore, the site operator can

adapt a simple method. Only by lifting the bit a little bit from

the bottom, the reading on the pressure gauge of main pipe shaJI

be the mentioned total pressure loss at the rated flow rate

6.Application
when selecting the downhole motor and its combination, you

should work out drilling program, fully consider hole size,

hole trace, bit type, specification, formation structure and

hydraulic calculation.

6. l Surface Checking Before Tripping in

6. I. l Except the connections between nipple and by-pass

valve, other connections on shell of downhole motor shall be

coated with locking agent.

6. l. 2 Assemble bit on the handling device, counterclockwise

rotate the drive shaft end� only with a chain wrench to protect

the inside threads from loosening.

6. 1. 3 · Hoist lifting-sub, and put downhole motor into turntable

and by-pass valve into the center in easy watch position. And
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身外形简单， 且有足够的刚性， 司钻下放钻具时，

仍需控制下放速度， 否则易被井眼中的沙桥、 井眼

台肩 、 套管鞋所损坏。 遇有这样的井段， 往往需

开动钻井泵 ， 慢慢地扩大井眼再通过。

如果用弯接头或弯壳体， 钻头侧面就更容易

碰上井壁的硬岩层和套管鞋等 ， 因此要周期性的

转动钻具组合， 以消除侧钻的影响。

对千深井和高温井 ， 下放钻具时建议周期性的

进行中途循环，．这样可以防止钻头堵塞 ， 或因高

温造成钻具定子损坏。

在井内 ， 钻井液若不能迅速通过旁通阀阀口 ，

进钻柱中 ， 应减慢下井速度 ， 或不时停下来充灌

泥浆， 下钻时 ， 注意不可墩钻或将钻具直接放进

井底。

6.3 开动钻具 ： 如果钻具处千井底 ， 必须提起

0.3-0.6m, 开动钻井泵此时记下立杆压力表读

数 ， 与计算的压力值对比一下 ， 如果超过水力计

算的压力数值也是正常的， 这是钻头侧钻引起的。

清理井底 ， 尤其是打斜井 ， 井底必须足够

“干净＂

， 因为井底堆积或沉淀的岩屑影响转速

或造斜。 最好用正常的钻井液循环清理 ， 清理时

也可慢慢转动钻具或钻具分次转动（每次转动

30° -40° ) ， 依次地把堆在井底的物体清理干
净。 ．

清理千净后， 再把钻具上提0.3- 0.6m, 校

对压力值 ， 记录下来。

重新下入井底并逐步加钻压 ， 马达扭矩增加，

立杆压力表压值升高， 这个升高的压力值应符合

各型号钻具规定的马达压降值 ， 此压力表增大的

数值反映了马达的负载是否正常 ， 也反映钻压加

的是否合适， 因此保持马达转距基本稳定 ， 钻压

基本稳定 ， 只要把立杆压力表读数限制在所选钻

具推荐范围内就可以了。 它能使司钻及时了解钻

具工作情况。

钻头不在井底时， 如果循环压力低千计算值 ，

downhole motor may be damaged by sand bridge, hole 
shoulder or casing shoe in the hole. When this happens. it is 
usually required to start pump, to extend the hole slowly for its 
passing. 
If it is a bent sub or bent shell, it is easily for bit side to touch 
the hard rock strata and casing shoe etc. on the bore wall. 
Please periodically rotate downhole motor combination to 
eliminate the influence of lateral drilling. 
As for deep and high-temperature well, it is advised 
periodically to conduct middle way recycling while stripping in 
the downhole motor. Thus, to protect the bit from plugging or 
protect the stator from damaging due to high temperature. In 
case the fluid can not rapidly flow through the holes of by-pass 
valve in the borehole, the stripping in speed should be slowed 
down or suspended regularly for mud filling. Again in 
stripping in, take care, so that no percussion or no direct 
strip-in will occur. 
6. 3 Start Downhole Motor: If downhole motor is located at
the hole bottom, you must lift it for O. 3 -0. 6m. Then start the
pump and record the reading of the riser pressure. Compare it
with the calculated pressure value, it is also normal if it is over
the pressure of hydraulic calculation. This is caused from
lateral drilling.
Clear the hole bottom. 1 n particular, for slant hole, the hole
bottom must be very"clean", because the cuttings packed and
deposited in the bottom can affect the torque or deflection. It
is best to clean it with normal recycling. W比le cleaning,
slowly turn the downhole motor or turn it by times(turning
30° -40° each time, gradually clean up the bottom. Then lift
downhole motor for O. 3 -0. 6m, calibrate and record the
pressure value.
Gradually enhance drilling weight when tripping into the
bottom again. Meanwhile, motor torque increases, riser
pressure on gauge increases, too. The pressure value should
conform to the motor pressure loss specified for giren type of

downhole motor. The increased value on the gauge indicates
motor load is normal or not, and also shows the added weight is 
appropriate or not. Therefore, motor torque and drilling 
weight can be kept stable by only li皿ting the riser gauge 
reading to the recommended range. This makes drillers know 
downhole motor operation timely. 

When the bit is not in the bottom. if recycling pressure is 
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